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Preface

This Economic and Sector Work paper, “Enhancing Agricultural Innovation: How to Go
Beyond the Strengthening of Research Systems,” was initiated as a result of the
international workshop, “Development of Research Systems to Support the Changing
Agricultural Sector,” organized by the Agriculture and Rural Development Department
of the World Bank in June 2004 in Washington, DC. One of the main conclusions of the
workshop was that “strengthened research systems may increase the supply of new
knowledge and new technologies, but such strengthening may not necessarily correlate
very well with the capacity to innovate and adopt innovations throughout the agricultural
sector, and thereby with economic growth.” This paper uses an innovation systems
perspective to explore which other interventions may be required.

The innovation systems concept is not new. It has been applied in other sectors, mainly in
industry. The concept is considered to have great potential to add value to previous
concepts of agricultural research systems and growth by (1) drawing attention to the
totality of actors needed for innovation and growth, (2) consolidating the role of the
private sector and the importance of interactions within a sector, and (3) emphasizing the
outcomes of technology and knowledge generation and adoption rather than the
strengthening of research systems and their outputs.

Although the innovation systems concept has raised interest within the agricultural sector,
the operational aspects of the concept remain largely unexplored. At the same time,
within and outside the World Bank, agricultural investment strategies have gone through
a number of changes, some of which are closely related to the innovation systems
concept. This paper takes stock of real-world innovation systems to assesses the
usefulness of the innovation systems concept for guiding investments in agricultural
technology development and economic growth.

The paper incorporates prior innovation systems work and eight new case studies of
innovation systems and potential investments to support their development. The
manuscript has been produced through a fruitful collaboration between the World Bank’s
Agriculture and Rural Development Department, its South Asia Agriculture and Rural
Development Department, and the United Nations University—Maastricht Economic and
social Research and training centre on Innovation and Technology (UNU-MERIT).
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Executive Summary

Investments in knowledge—especially in the form of science and technology—have
featured prominently and consistently in most strategies to promote sustainable and
equitable agricultural development at the national level. Although many of these
investments have been successful, the context for agriculture is changing rapidly,
sometimes radically.

Six changes in the context for agricultural development heighten the need to examine

how innovation occurs in the agricultural sector:

1. Markets, not production, increasingly drive agricultural development.

2. The production, trade, and consumption environment for agriculture and agricultural
products is growing more dynamic and evolving in unpredictable ways.

3. Knowledge, information, and technology increasingly are generated, diffused, and
applied through the private sector.

4. Exponential growth in information and communications technology has transformed
the ability to take advantage of knowledge developed in other places or for other
purposes.

5. The knowledge structure of the agricultural sector in many countries is changing
markedly.

6. Agricultural development increasingly takes place in a globalized setting.

Can new perspectives on the sources of agricultural innovation yield practical approaches
to agricultural development that may be more suited to this changing context? That is the
central question explored here.

Changing approaches for supporting agricultural innovation

As the context of agricultural development has evolved, ideas of what constitutes
“research capacity” have evolved, along with approaches for investing in the capacity to
innovate:

e In the 1980s, the “national agricultural research system” (NARS) concept focused
development efforts on strengthening research supply by providing infrastructure,
capacity, management, and policy support at the national level.

e In the 1990s, the “agricultural knowledge and information system” (AKIS) concept
recognized that research was not the only means of generating or gaining access to
knowledge. The AKIS concept still focused on research supply but gave much more
attention to links between research, education, and extension and to identifying
farmers’ demand for new technologies.

e More recently, attention has focused on the demand for research and technology and
on the development of innovation systems, because strengthened research systems
may increase the supply of new knowledge and technology, but they may not
necessarily improve the capacity for innovation throughout the agricultural sector.

The innovation systems concept

An innovation system can be defined as a network of organizations, enterprises, and
individuals focused on bringing new products, new processes, and new forms of
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organization into economic use, together with the institutions and policies that affect their
behavior and performance. The innovation systems concept embraces not only the science
suppliers but the totality and interaction of actors involved in innovation. It extends
beyond the creation of knowledge to encompass the factors affecting demand for and use
of knowledge in novel and useful ways.

The innovation systems concept is derived from direct observations of countries and
sectors with strong records of innovation. The concept has been used predominantly to
explain patterns of past economic performance in developed countries and has received
far less attention as an operational tool. It has been applied to agriculture in developing
countries only recently, but it appears to offer exciting opportunities for understanding
how a country’s agricultural sector can make better use of new knowledge and for
designing alternative interventions that go beyond research system investments.

Aim of this paper

This paper seeks to assess the usefulness of the innovation systems concept in guiding
investments to support the development of agricultural technology. To that end, it
develops an operational agricultural innovation systems concept for the Bank’s client
countries and collaborators. This paper does not challenge the importance of investing in
science and technology capacity, which is well recognized in innovation systems theory.
Rather it focuses on the additional insights and types of interventions that can be derived
from an innovation systems perspective and that can influence the generation and use of
science and technology for economic development.

Methodology

Three key tasks were undertaken to assess the utility of the innovation systems concept

and develop an operational framework:

1. Develop an analytical framework for the innovation systems concept.

2. Apply the analytical framework in eight case studies and conduct a comparative
analysis of the results.

3. Based on the analysis, develop an intervention framework for assessing innovation
systems (consisting of a typology of innovation and other diagnostic features) and
identifying potential interventions (based on guiding principles and examples).

The analytical framework. The four main elements of the analytical framework are: (1)
key actors and their roles, (2) the actors’ attitudes and practices, (3) the effects and
characteristics of patterns of interaction, and (4) the enabling environment for innovation.

The comparative analysis. Four criteria were used to select case studies that would
capture elements of the dynamic agricultural context: (1) niche sectors that had shown
strong patterns of growth, (2) sectors that were strongly integrated into global markets,
(3) traditional sectors that are being transformed by the growth of activities further up the
food chain and that can highlight implications of the industrialization of the food chain,
and (4) sectors that provide large employment opportunities for the poor. The eight case
studies included medicinal plants and vanilla production in India; food processing and
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shrimp production in Bangladesh; cassava processing and pineapple production in Ghana;
and cassava processing and cut flower production in Colombia.

A conceptual framework was developed to facilitate the comparative analysis of
innovation systems in these eight settings. A number of tools were applied to explore
partnerships and organizations. An important additional tool was a checklist for
conducting diagnostic assessments in the eight settings and for developing interventions
based on an innovation systems framework.

The checklist was designed to address a central insight of the innovation systems

framework: partnerships and linkages must be analyzed in their historical and

contemporary context, which greatly defines the opportunities and necessities for
innovation, especially where rapid change is occurring. The context includes policy,
market, and trade conditions and the challenges they present, as well as other contextual

factors, such as the sociopolitical environment and the natural resource base. A

description of the changing context reveals any divergence between the innovation

system and its practices on the one hand and the changing demands imposed by the
context on the other. The checklist includes the following major issues:

e Actors, the roles they play, and the activities in which they are involved, with an
emphasis on diversity of public and private sector actors and on the appropriateness
of their roles.

e Attitudes and practices of the main actors, with an emphasis on collaboration,
potential inefficiencies, patterns of trust, and the existence of a culture of innovation.

e Patterns of interaction, with an emphasis on networks and partnerships, inclusion of
the poor, and the existence and functions of potential coordination and stakeholder
bodies.

e Enabling environment (policies and infrastructure), with an emphasis on the role of
policies related to science, technology, and fiscal concerns; the role of farmer and
other organizations in defining research and innovation challenges; and the
significance of legal frameworks.

The intervention framework. The intervention framework, derived from the case study
analysis, departs from many earlier uses of the innovation system concept by providing
additional guidance on diagnosis (the most common use of the concept) and by adding
specific ideas for interventions to develop the capacity of innovation systems. The
framework has four elements: (1) a typology of agricultural innovation environments,
which helps the user rapidly assess the characteristics of an innovation system in a
particular context; (2) diagnostic features for each phase of innovation system
development, which helps explain why certain features are likely to impede innovation
and identify promising arrangements that could be built upon; (3) principles for
intervention, based on the diagnostic features; and (4) options for intervention, based on
the case study examples.

Key findings from the innovation capacity analysis

The analysis of innovation capacity in the eight settings studied revealed that:
1. Linkages for creating dynamic systems of innovation frequently have been absent.
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Attitudes and practices are a major obstacle to innovation. Strong incentives to
innovate, arising from exposure to highly competitive markets, have rarely been
sufficient to induce new patterns of collaboration.
The lack of interaction results in: limited access to new knowledge; weak articulation
of demand for research and training; weak or absent technological learning; weak or
absent organizational learning at the company/farmer/entrepreneur level and at the
sector level; weak sector upgrading; weak integration of social and environmental
concerns into sector planning and development; and weak connections to sources of
financing for innovation.

Challenges are evolutionary, continuous, always changing, and integrated.

The major characteristics of innovation across the case studies are:

e Innovation is neither science nor technology but the application of knowledge of
all types to achieve desired social and economic outcomes.

e Often innovation combines technical, organizational, and other sorts of changes.

e Innovation is the process by which organizations “master and implement the
design and production of goods and services that are new to them, irrespective of
whether they are new to their competitors, their country, or the world” (Mytelka
2000).

e Innovation comprises radical and many small improvements and a continuous
process of upgrading.

e Innovation can be triggered in many ways.

e Considerable value is being added in nontraditional agricultural sectors.

Towards a framework for innovation system diagnosis and
intervention

Different development trajectories. The process of innovation is shaped in very different
ways, depending on the particular context in which innovation systems emerge and how
this context changes over time. First, the pivotal actors that start the process are
different—broadly speaking, they are either public or private actors. Second, the factors
that trigger innovation are quite different—broadly speaking, they are either policy or
market triggers. These initial conditions tend to shape two distinct innovation trajectories
or systems: an orchestrated trajectory and an opportunity-driven trajectory.

Orchestrated innovation systems have several phases of development:

A pre-planned phase, in which no research or other policy intervention has been
made, as new opportunities have not yet been identified. Many developing countries
are at this stage.

In the foundation phase, priority sectors and commodities have been identified, and
the government supports them through research and policy interventions. However,
these efforts often have a limited effect on growth.

In the expansion phase, the government intervenes with projects and special programs
to link actors in the innovation system.
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Opportunity-driven innovation systems have several phases of development:

e The nascent phase resembles the pre-planned phase of orchestrated systems but the
private sector is more proactive. Companies or individual entrepreneurs have
identified new market opportunities, but a recognizable sector has yet to emerge.
Many of the case study sectors began in this way.

¢ In the emergence phase, the sector takes off. Rapid growth is observed, driven by the
activity of the private sector or NGOs. The sector starts to be recognized by the
government.

e In the stagnation phase, the sector faces increasing and incremental evolutionary
pressures to innovate because of competition, particularly from other countries, and
because of changing consumer demands and trade rules. This situation is the most
common across the case studies.

The ultimate phase of development in orchestrated and opportunity-driven systems is a
dynamic system of innovation, which can be established with the right type of support.
The sector is neither publicly nor privately led but characterized by a high degree of
public and private interaction and collaboration in planning and implementation. It is
agile, responding quickly to emerging challenges and opportunities and delivering
economic growth in socially inclusive and environmentally sustainable ways.

Intervention options. The innovation systems concept places great emphasis on the
context-specific nature of arrangements and processes that constitute a capacity for
innovation. For this reason, principles of intervention rather than prescriptions are
emphasized here. Interventions in advanced phases of development typically can build on
interventions from earlier phases; the more advanced the phase, the more varied
interventions can take place simultaneously.

e Initiating interventions (for example, that build trust or improve the ability to scan
and reduce risk for new opportunities), allow the transition from the pre-planned
phase to the foundation phase.

e Experimental interventions (for example, supporting partnerships on emerging
opportunities, or developing attitudes, practices, and financial incentives) allow the
transition from the foundation phase to the expansion phase.

e Interventions that help build on or nurture success (for example, expanding proven
initiatives, strengthening good practices, and addressing weaknesses) allow the
transition from the expansion or emergence phase to a dynamic system of innovation.

e Remedial interventions (for example, building coherence and links between the
research system and the sector, supporting coordination bodies, and strengthening or
redesigning existing organizations) help resolve the weaknesses of innovation
capacity in the stagnation phase.

e Maintenance interventions (for example, maintaining agility and the ability to
identify new opportunities and challenges, enhancing collaboration across actors and
sectors, and contributing to the maintenance of an enabling environment) are aimed at
ensuring that dynamic systems of innovation do not deteriorate.



Conclusions
Nine key findings emerge on the nature of innovation and innovation capacities:

1.

2.

9.

Research is an important component—but not always the central component—of
innovation.

In the contemporary agricultural sector, competitiveness depends on collaboration for
innovation.

Social and environmental sustainability are integral to economic success and must be
reflected in interventions.

The market is not sufficient to promote interaction—the public sector has a central
role to play.

Interventions are essential for building the capacity and fostering the learning that
enable a sector to respond to continuous competitive challenges.

The organization of rural stakeholders is a central development concept. It is a
common theme in innovation systems development and in numerous agricultural and
rural development efforts.

Actors that are critical for coordinating innovation systems at the sector level are
either overlooked or missing.

A wide set of attitudes and practices must be cultivated to foster a culture of
innovation.

The enabling environment is a key component of innovation capacity.

The assessment of the innovation systems concept and the intervention framework
yields the following observations:

1.

Through its explicit attention to development outcomes, the innovation systems
concept offers a new framework for analyzing the roles of science and technology
and their interaction with other actors to generate goods and services.

The innovation systems concept can be very effective in identifying the missing links
in traditional sectors and potentially improving the innovation dynamics. This
dynamism often depends on the presence of some sectorwide coordinating capacity
for identifying innovation challenges and pursuing novel approaches to innovation.
The application of the innovation systems concept in agricultural development
requires additional empirical validation. In this respect, the analysis described here
has contributed to a learning process, similar to the process proposed for building
innovation capacity in a sector.

Universally applicable blueprints for innovation system development do not exist.
Development practitioners must be willing to work with emerging concepts and must
recognize that the interventions that they are planning will evolve while they learn.
The innovation systems concept promotes the integration of poverty and environment
issues into sector development planning by altering the roles and interactions of
actors in the public sector, the business community, and civil society.

The concept provides a framework for inclusive, knowledge-intensive agricultural
development, but more experience is required before the contours of a truly pro-poor,
pro-environment, and pro-market innovation system can be fully defined.
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In conclusion, the innovation systems concept makes the following contributions to
designing development interventions:

Interventions should not focus first on developing research capacity and only later on
other aspects of innovation capacity. Instead, research capacity should be developed
in a way that from the beginning nurtures interactions between research, private, and
civil society organizations.

The analysis reveals the possibility of linking up with previous efforts at capacity
development. Recent discussions of innovation capacity have argued that capacity
development in many countries involves two sorts of tasks. The first is to create
networks of scientific actors around research themes such as biotechnology and
networks of rural actors around development themes such as dryland agriculture. The
second is to build links between these networks so that research can be used in rural
innovation. A tantalizing possibility is that interventions that unite research-based and
community-based capacity could cost relatively little, add value to existing
investments, result in pro-poor innovation capacity, and achieve very high returns.

What are the implications for the World Bank?

With respect to research and extension, the Bank should increasingly look to what it
wants to achieve, not to what it wants to support. Support to research systems must
focus more on developing the interface with the rest of the sector. This effort will
require that major attention is given to improving research system governance and to
strengthening the ability to form partnerships. The Bank should support investments
that foster pluralism in service providers and extension organizations that have the
attitude and the ability to find the right approach and mix of partners in different
innovation systems contexts.

With respect to agricultural education, an effective innovation system requires a
cadre of professionals with a new skill set and mindset. Technical expertise needs to
be complemented with functional expertise in (for example) markets, agribusiness,
intellectual property law, rural institutions, and rural finance—which will place strong
demands on educational systems. The Bank should re-engage in efforts to modernize
curricula, support staff training, and develop distance learning and other facilities.

For support to agricultural sector development in general, this paper emphasizes the
importance of developing the agricultural sector’s institutional infrastructure. The
Bank must support more institutional innovation efforts in addition to more
traditional technology-oriented research, especially in poor countries, because new
ways of doing business have often been central to success.

Regarding the Bank’s position in the dialogue on agricultural development at the
global and national levels, this paper suggests that the Bank should facilitate the
development of a stronger global community of practice in the field of agricultural
innovation. A final concrete step is to collect further experiences from work by the
Bank and other agencies to develop operational information on the alternative
interventions that have been proposed.
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Chapter 1. Why Assess the Value of the Innovation
Systems Perspective?

1.1 Knowledge generation and application in a changing
agricultural context

Agricultural development depends to a great extent on how successfully knowledge is
generated and applied. Investments in knowledge—especially in the form of science and
technology—have featured prominently and consistently in most strategies to promote
sustainable and equitable agricultural development at the national level. Although many
of these investments have been quite successful (box 1.1), the context for agriculture is
changing rapidly—sometimes radically—and the process of knowledge generation and
use has been transformed as well (box 1.2). It is increasingly recognized that the value of
traditional agricultural science and technology investments such as research and
extension, although necessary, is not sufficient to enable agricultural innovation. As this
paper will demonstrate, new perspectives on the nature of the agricultural innovation
process can yield practical approaches to agricultural development that may be more
suited to this changing context.

Box 1.1 Past contributions of science and technology

The historical focus of research on food crop technologies, especially genetic improvement of
food crops, has undeniably been successful. Average crop yields in developing countries have
increased by 71 percent since 1961, while average grain yields have doubled (to 2.8 tons per
hectare). Yields of many commercial crops and livestock have also grown rapidly (see figure).
International Food Policy Research Institute (IFPRI) studies on impacts of public investment in
India and China showed that agricultural research and development had higher impacts on
poverty reduction compared to most other public investments, second only to investment in
education in China and rural roads in India (Fan, Zhang, and Zhang 2000; Fan, Hazell, and Thorat
1999). Other studies have shown that a 1 percent increase in agricultural yields in low-income
countries leads to a 0.8 percent reduction in the number of people below the poverty line (Thirtle,
Lin, and Piesse 2003).

Figure 2.1 Yield growth in developing countries;
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Box 1.2 The process of knowledge generation and use is changing

From: To:

e The knowledge elite e The knowledge society

e Paper used to store and share knowledge e Digital media and the Web used to store

and share knowledge

e Research as the key tool to generate e Search and consultation to generate
knowledge knowledge

e The linear model: research— e The interactive model: innovations arise
knowledge— adaptation— use of from learning-based process that
technology combines problem recognition and

knowledge generation

Source: Authors

1.1.1 The changing context for agricultural development

Six changes in the context for agricultural development heighten the need to examine
how innovation occurs in the agricultural sector.

First, markets—not production—increasingly drive agricultural development. For most
of the 20™ century, major progress in agricultural development was inextricably linked to
major improvements in the productivity of staple food crops, but this situation is
changing. With falling staple food prices and rising urban incomes, the pay-off has
shifted to strategies that enhance agricultural diversification and increase the value added
of agricultural production (Bhargouti et al. 2004). Despite their past prominence in
driving agricultural development, centralized public research systems are finding it
difficult to cater to this trend.

Second, the production, trade, and consumption environment for agriculture and
agricultural products is increasingly dynamic and evolving in unpredictable ways. If
farmers and companies are to cope, compete, and survive in contemporary agriculture,
they need to innovate continuously. Drivers for innovation include, for example,
emerging health and disease problems such as avian flu and HIV/AIDS; changing
patterns of competition in local but particularly in global markets; changing trade rules
and the need for continuous upgrading to comply with them; and changing technological
paradigms, such as biotechnology and information technology and the opportunities and
challenges that they present.

Third, knowledge, information, and technology are increasingly generated, diffused, and
applied through the private sector. Private businesses develop and supply a substantial
number of the technologies that farmers use or introduce (examples include seed,
fertilizer, pesticides, and machinery). The role of the private sector is expected to grow
with the increasing intensification of agriculture.

Fourth, exponential growth in information and communications technology (ICT),
especially the Internet, has transformed the ability to take advantage of knowledge
developed in other places or for other purposes (Arnold and Bell 2001). Both the ICT




and the biotechnology revolutions have driven home the fact that many innovations
within the agricultural sector—examples include geographic information systems, global
positioning systems, and bioinformatics—are based on knowledge generated in other
sectors. The question of how to take advantage of new knowledge has become just as
urgent as the question of how to generate and diffuse new knowledge.

Fifth, the knowledge structure of the agricultural sector in many countries is changing
markedly. Thirty years ago, the number of people with postgraduate degrees was very
small, and the number of uneducated farmers and farm workers was in the hundreds of
millions. Under these circumstances, it made perfect sense to create a critical mass of
intellectual resources in a few places, mostly in national agricultural research institutes, to
generate new technologies. Since then, overall and agricultural education levels have
increased in many countries. Greater numbers of experienced and educated people—in
the farm community, the private sector, and in nongovernmental organizations (NGOs)—
now interact to generate new ideas or develop responses to changing conditions.
Technical change and innovation have become much more interactive processes, which
can be led by many different types of actors (Janssen and Braunschweig 2003).

Sixth, agricultural development increasingly takes place in a globalized setting. This
change affects all of the five changes mentioned previously: the domestic market is not
the only market that defines demand; environmental and health issues cross the borders
of any country; knowledge from abroad may be more important than domestically
generated knowledge; and ICT allows information to spread through internationally
organized networks of practitioners. Globalization causes quality standards to be defined
increasingly by international markets and leads small sectors suddenly to confront huge
potential demand. It raises the stakes in agricultural development: success, for example in
the export of nontraditional products, may assume larger dimensions than in a more
insular world, but failure to adapt to new conditions will also have larger consequences
and may cause traditional trade patterns to erode rapidly.

1.1.2 Innovation trends in agricultural production systems

Most agricultural production is increasingly integrated in value chains with forward
(marketing) and backward (input supply) linkages. Urban markets often cause supply
chains to grow longer; in turn, shelf-life, handling requirements, and other market
requirements assume greater importance for agricultural products. Before reaching the
consumer, traditional staples such as wheat or rice may pass through the hands of several
agents (assembly agent, miller, wholesaler, retailer, and baker), and more value may be
added in the food processing stage than in production. New bulk or niche markets may
appear, such as the animal feed market for maize (box 1.3) and cassava or the soluble
fiber market for oats. Agricultural production is increasingly based on a wider range of
purchased (or free) inputs—seed, fertilizer, pesticides, machinery, and water—that must
be combined and used judiciously to arrive at sustainable production systems. Each of the
links in these “production-to-consumption” systems provides new opportunities for
innovation.



Box 1.3 Increased market demand and policy change close the yield gap in maize
production in India

India’s research efforts since the Green Revolution have focused on rice and wheat. Yields of
maize—considered an inferior, coarse grain—remained low.

Recently the outlook for maize in India has been transformed as rising incomes, an expanding
population, accelerating urbanization, and declining prices have pushed the demand for poultry to
unheard-of levels. Broiler production grew by 12 percent per annum during 1995-2003. Because
maize is the main ingredient for poultry feed, demand for maize grew along with the poultry
industry.

The exploding demand for maize-based feed was accompanied by major policy reforms that
facilitated private sector participation. The New Policy for Seed Development, enacted in 1988,
changed licensing policies to encourage investment from domestic and multinational seed
companies. The subsequent 1991 Industrial Policy, which identified seed production as a priority
investment, further facilitated multinationals’ entry into India’s seed market.

Companies responded quickly. By 1998, an estimated 218 private domestic companies and 10
multinationals were supplying maize seed to India. Many had their own hybrid breeding
programs. Yields of the newly available hybrids are comparable to yields worldwide, and maize
production has grown to 13 million tons.

Source: Naik 2006

The issues surrounding agriculture have changed in tandem with these changes in
production. For example, poverty may be reduced more rapidly by creating employment
along the value chain than by increasing production on the farm. Concern over food
safety may influence input use and postharvest management more than cost. Labor and
water productivity may be as (or more) important than land productivity. Public health
threats such as mad cow disease and avian influenza have triggered public interventions
on a scale more often evoked by famines or natural disasters. Other public health issues
include nutritional concerns related to deficiencies of major or minor nutrients and to
obesity. Everywhere—in developing as well as developed countries—the convenience of
food consumption and preparation is becoming as important as the price of food
(Maxwell and Slater 2003).

The traditional food sectors in developing countries are not insulated from these
developments. Many show signs of rapid transformation. At the market end, the options
for utilizing cassava and maize have expanded to include animal feed, starch, and
fructose. Demand for dairy and meat products has grown very rapidly (often at 5 percent
or more per year), stimulated by new hygiene and public health management
requirements as well as greatly increased product differentiation (cheese, yogurt, yogurt
drinks, cream, fluid milk, cold meats, prepared meals, and myriad other products). At
first glance, the rice and wheat sectors may seem less dynamic, but quality considerations
and the differentiation of production by end use (for example, grain, bread, or cake)
increasingly present opportunities for innovation. In all cases, the transformation of
traditional food sectors through marketing may be accompanied by equally strong




transformation on the production side. New approaches are required to respond
adequately to the opportunities and threats that these transformation processes offer
(World Bank 2005).

1.1.3. Changing approaches for supporting agricultural innovation

As the context of agricultural development has changed, ideas of what constitutes
innovation have changed, and so have approaches for investing in it (box 1.4). In the
1980s, the concept of the “national agricultural research system” or NARS' was
developed to guide investments in agricultural development. Development activities
based on the NARS concept generally focused on strengthening research supply by
providing infrastructure, capacity, management, and policy support at the national level.
In the 1990s, the “agricultural knowledge and information system” (AKIS)* concept
gained currency. The AKIS concept recognizes that research is not the only means of
generating or gaining access to knowledge. Although the AKIS concept also focuses on
research supply, it gives much more attention to the links between research, education,
and extension and the identification of farmers’ demand for new technologies.

Strengthened research systems may increase the supply of new knowledge and new
technologies, but they may not necessarily improve the capacity for innovation
throughout the agricultural sector (Rajalahti, Woelcke, and Pehu 2005). Recently more
attention has been given to the demand for research and technology and to the
development of wider competencies, linkages, enabling attitudes, practices, governance
structures, and policies that allow this knowledge to be put into productive use. The
concept of an innovation system has guided this more holistic approach to planning
knowledge production and use. This paper uses this concept to develop a framework for
guiding diagnosis of innovation capacity and for planning interventions.

An innovation system may be defined as comprising the organizations, enterprises, and
individuals that together demand and supply knowledge and technology, and the rules
and mechanisms by which these different agents interact. The innovation systems concept
focuses not merely on the science suppliers but on the totality and interaction of actors
involved in innovation. It extends beyond the creation of knowledge to encompass the
factors affecting demand for and use of new and existing knowledge in novel and useful
ways. Thus innovation is viewed in a social and economic sense and not purely as
discovery and invention. Figure 1.1 is a stylized presentation of an innovation system and
of the context in which it might operate.

' The NARS comprises all of the entities in a given country that are responsible for organizing,
coordinating, or executing research that contributes explicitly to the development of its agriculture and the
maintenance of its natural resource base (ISNAR 1992).

% The AKIS links people and institutions to promote mutual learning and to generate, share, and utilize
agriculture-related technology, knowledge, and information. An AKIS integrates farmers, agricultural
educators, researchers, and extensionists to harness knowledge and information from various sources for
improved livelihoods. Farmers are at the heart of this knowledge triangle (World Bank 2004).



Box 1.4 Changing approaches to investing in innovation capacity

Early 1980s
and beyond

Late 1980s

Mid- to
late1990s

Current

Bricks and mortar. The period before the mid-1980s emphasized expanding public sector
research by investing in physical infrastructure, equipment, and human resource
development. In many cases the investments created centralized national agricultural
research systems (NARS).

Management systems. From the late 1980s the emphasis shifted to improving the
management of existing public sector research organizations through better planning,
improved financial management, greater accountability, and increasing the relevance of
programs to clients.

Down to the grassroots. In the mid- to late 1990s, the instability and inefficiency evident in
many public research organizations led to an emphasis on development of pluralistic
agricultural knowledge and information systems (AKISs) with greater client participation
and financing.

Innovation systems. More recently, the Bank’s approach has moved towards the concept of
“agricultural innovation systems” (AIS) and focuses on strengthening the broad spectrum of
science and technology activity of organizations, enterprises, and individuals that demand
and supply knowledge and technologies and the rules and mechanisms by which these

different agents interact.

Source: Authors

The innovation systems concept is attractive not only because it offers a holistic
explanation of how knowledge is produced, diffused, and used but because it emphasizes
the actors and processes that have become increasingly important in agricultural
development. To recapitulate some of the points made earlier, agricultural development
plans are no longer concerned almost exclusively with staple food production. These
plans now give far more attention to diversification into new crops, products, and markets
and to adding value to serve new markets better (Bhargouti et al. 2004). These changes
are driven by rapid urbanization and by the increased integration of many developing
countries into global markets for agricultural products and services. This market-led
agricultural development relies more strongly on the private sector and on the interaction
of agriculture with other sectors and disciplines. Because new markets for agricultural
products and services change continuously, agricultural development depends more than
ever on a process of continuous, incremental innovation. The scope of innovation
includes not only technology and production but organizations (in the sense of attitudes,
practices, and new ways of working), management, and marketing changes, therefore
requiring new types of knowledge not usually associated with agricultural research and
new ways of using this knowledge. Ways of producing and using knowledge must also
adapt and change. The innovation systems concept emphasizes adaptive tendencies as a
central element of innovation capacity.
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Figure 1.1 A stylized innovation system

1.2 Towards operational agricultural innovation systems

The innovation systems concept appears to offer exciting opportunities for understanding
how a country’s agricultural sector can make better use of new knowledge and design
alternative interventions that go beyond research investments. The concept is robust: its
principles are derived from direct observations of countries and sectors with strong track
records of innovation—although most of these observations come from developed
countries and the industrial sector. To date the concept has been used predominantly to
explain past patterns of economic performance. It has received far less attention as an
operational tool for diagnosing the capacity of a sector for generating and using,
knowledge and for designing interventions to strengthen weaknesses in innovation
capacity. It has been applied to agriculture in developing countries only recently (Hall et
al. 2001; Hall 2005). Traditionally, public policy and donor assistance, including
assistance from the World Bank, have focused on building capacity and providing
operational funds for research and technology transfer systems.



The question then is whether the principles and insights arising from the innovation
systems concept and the perspective on innovation capacity development it implies can
be converted into operational tools for policies and projects that address the practical
challenges of agricultural development and sustained economic growth. This paper
attempts to answer that question. It assesses the usefulness of the innovation systems
concept in guiding investments to support the development of agricultural technology,
and it develops an operational agricultural innovation systems concept for the Bank’s
client countries and its collaborators.

This paper does not challenge the importance of investing in research capacity, which is
well recognized in the innovation systems concept as an important element of innovation
capacity. Rather it focuses on the additional insights and types of interventions that can
be gained from an innovation systems perspective.

1.3 Grounding the innovation systems concept in the “new
agriculture”

Although staple food production will remain very important, an exciting agricultural
trend in many countries is the rapid emergence of many new production-to-consumption
systems. Agricultural sectors around the world are increasingly diversifying into
vegetables and fruits, spices, aquaculture products, and nonfood products (such as
medicinal plants and cut flowers); the production of animal protein is increasing; and the
importance of postharvest handling and processing is growing to meet (mostly urban)
consumers’ demand for storability and convenience (CGIAR Science Council 2005).
These new agricultural activities are highly volatile, but frequently they provide
considerable income and employment opportunities. Their development can make a large
contribution to rural-based sustainable development.

Many of these new agricultural activities and products emerge when private
entrepreneurs respond to new market opportunities. Often the production and marketing
efforts for these new products are quite sophisticated. Although the overall value of new
agricultural activities can be considerable, the large number of products makes it
impossible to develop national research programs for each one, except perhaps in very
large countries such as China and India. Consequently, countries must develop new
approaches to support innovation in these knowledge-intensive activities.

This “new agriculture” provides many suitable case studies for developing an operational

framework based on the agricultural innovation systems concept, because it typifies

several important new patterns in the agricultural sectors of many developing countries:

e The delineation of new, dynamic, and very knowledge-intensive niche sectors, such
as export horticulture and agroprocessing.

e Rapid evolution in production, consumption, and marketing conditions, driven by
new technologies, globalization, and urbanization.

¢ Industrialization of the food chain.

e The importance of these new sectors as income sources for the poor—farmer-owners
as well as laborers.



e An important role for organizations other than state organizations—particularly
private organizations, but also cooperatives and civil society organizations.

e The need to compete in rapidly evolving international markets and the consequent
importance of innovation as a source of competitive advantage.

e The importance of upgrading and innovating, not only in hi-tech sectors but also in
sectors such as agriculture, which are considered more traditional and low-tech.

e The need to tailor innovation capacities to extremely heterogeneous and volatile
conditions.

New agriculture is also an area where developing countries are competing successfully
with developed countries. Table 1.1 shows that between 1992 and 2001 the export growth
from developing countries was more than double the growth from the developed
countries.

Table 1.1 World value? of nontraditional agricultural exports (million US$), 1992 and 2001

Exports 1992 2002 Growth (%)
From developing countries 4,412 8,606 95
From developed countries 4,783 6,902 44

Source: FAO 2004
a Excludes citrus and bananas.

This study makes use of eight case studies from four countries—Bangladesh, India,
Ghana, and Colombia—spanning the three main regions of the developing world—Asia,
Africa, and Latin America (table 1.2).* Four case studies (one per country) focus on truly
new or nontraditional activities. The other four concentrate on more traditional sectors
that are experiencing rapid transformation. The combination of traditional and
nontraditional subsectors makes it possible to evaluate the suitability of the innovation
systems concept across a wide range of conditions.

Table 1.2 Case studies by country and subsector

Case study country Traditional subsector in rapid Nontraditional subsector
transformation

Bangladesh Food processing Shrimp

India Medicinal plants Vanilla

Ghana Cassava processing Pineapple

Colombia Cassava processing Cut flowers

Source: Authors.

1.4 Organization of this study

The innovation systems concept is discussed more fully in chapter 2, especially with
regard to its potential value for agricultural development interventions. It is also
compared with earlier experience with the NARS and AKIS approaches. The discussion
in the remainder of the chapter uses the innovation systems concept to develop an
analytical framework to explore the nature of agricultural innovation and innovation
capacity.

3 Annex B lists the case studies and authors.




Chapter 3 describes the methodology for the study, further discusses the rationale for
selecting each case study, and summarizes results of each study. The analysis of the case
studies goes beyond understanding what stimulated innovation. It also identifies gaps in
the innovation system where interventions could improve the capacity for innovation. In
Chapter 4, a comparative analysis of the eight studies highlights differences in the
evolution of the eight cases and identifies potential sources of these differences. The main
findings from the case studies are used in chapter 5 to derive lessons on what drives
innovation and the generic interventions that promote the capacity to innovate.

The comparative analysis of the case studies is used to develop an intervention
framework (chapter 6). Based on the case studies, a typology of agricultural innovation
environments is developed as a starting point for guiding the assessment of innovation
capacity in different countries and sectors and for identifying the kinds of support that
each might require. The intervention framework also makes use of diagnostic insights
from the case studies to develop principles for intervention and for sequencing
interventions. It gives examples of interventions that are tailored to the needs of each
innovation environment. These interventions are designed to help strengthen innovation
capacity and help arrangements evolve towards a dynamic, responsive, and sustainable
system.

Chapter 7 recapitulates the main conclusions from the case studies, revisits the utility of
the analytical framework for understanding agricultural innovation, and also revisits the
value of the intervention framework for identifying activities in support of agricultural
innovation. It concludes with a brief discussion of the implications for future investments
by the World Bank.
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Chapter 2. The Innovation Systems Concept:
A Framework for Analysis

2.1 Introduction

Science and technology are critical to the development and economic growth strategies of
both developed and developing countries. Scientific and technological knowledge and
information add value to existing resources, skills, knowledge, and processes, leading to
novel products, processes and strategies. These innovations are the changes that lead to
improvements in economic and social conditions and environmental sustainability.
Innovation is therefore central to development.

The last 40 years have witnessed substantial debate over the best way for science and
technology to foster innovation. At the risk of oversimplifying a complex reality, two
distinct views may be outlined:

e The first and earlier view is that scientific research is the main driver of innovation,
creating new knowledge and technology that can be transferred and adapted to
different situations. This view is usually described as the “linear” or “transfer of
technology”” model.

e The second view, while not denying the importance of research and technology
transfer, recognizes innovation as an interactive process. Innovation involves the
interaction of individuals and organizations possessing different types of knowledge
within a particular social, political, policy, economic, and institutional context. This
second view, increasingly discussed in terms of the “innovation system™ concept, is
the subject of this paper.

These two perspectives emphasize different public policies and interventions to support
innovation. The linear perspective concentrates on scientific research and the resources
required for supporting and guiding (usually) public research and training organizations.
The perspective of the innovation systems concept recognizes the importance of these
activities but gives more attention to (1) the interaction between research and related
economic activity, (2) the attitudes and practices that promote interaction and the learning
that accompanies it, and (3) the creation of an enabling environment that encourages
interaction and helps to put knowledge into socially and economically productive use.
Critical differences in the perspectives are illustrated in box 2.1.

Following a brief discussion of the origins of the innovation systems concept, the next
sections examine the analytical insights it provides, particularly in comparison with two
other well-known frameworks for guiding capacity development and promoting
innovation in the agricultural sector: the NARS and AKIS concepts (introduced briefly in
chapter 1).

11



Box 2.1 Two views of innovation: the linear and innovation systems models

According to Arnold and Bell (2001), the linear model of innovation mirrored the belief that “basic science leads to applied
science, which causes innovation and wealth.” The policy implications of this “science push” model were simple: “If you
want more economic development, you fund more science.” As more attention was given to the role of market forces in
innovation, a corresponding (and equally linear) “market-pull” model of innovation was developed (see figure).

The linear model (which resembles an ivory tower on its side) captures the stereotypical image of research institutions
laboring in isolation. In contrast, Arnold and Bell’s depiction of a national innovation system shows the multiplicity of “actors
and activities in the economy which are necessary for industrial and commercial innovation to take place and to lead to
economic development.” The central insight is that innovation depends as much on the performance of linkages between
actors as on the performance of individuals. The implication, according to Arnold and Bell, is that “certain system
characteristics—such as stronger links between actors—are likely to improve performance.”

The set of potentially important actors in an innovation system differs from the string of suppliers and clients arranged along a
classic value chain or the set of organizations involved in public sector research. There is no assumption that an innovation
process starts with research or that knowledge feeds directly or automatically into new practices, processes, or products.
Instead, the knowledge and information flows at the heart of an innovation system are multidirectional. They open
opportunities for developing feedback loops that enhance competence building, learning, and adaptation. All too often, the
right kinds of actors are absent, or they do not interact in ways that support the innovation process. The innovation systems
concept helps to reveal why these interactions might not be present and what might be done to remedy this problem.
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2.2 Origins of the innovation systems concept

The innovation systems concept emerged through policy debates in developed countries
in the 1970s and 1980s. These debates centered on the nature of industrial production in
the developed world and the analytical frameworks required to explain patterns of
industrial growth. At the time, industrial production was becoming more knowledge
intensive as investments in intangibles such as research and development, software,
design, engineering, training, marketing, and management came to play a greater role in
the production of goods and services and in organizational competitiveness. Such
investments often created tacit rather than codified knowledge. Unlike codified
knowledge, which is explicit and recorded, tacit knowledge is difficult to articulate or
write down; it is often embedded in skills, beliefs, or ways of doing things. Mastering
tacit knowledge requires a conscious effort at learning by doing, by using, and by
interacting (Mytelka 1987, 1999).

Gradually the knowledge intensity of production has extended beyond the high-tech
sectors to reshape a broad spectrum of traditional industries—shrimp and salmon
fisheries in the Philippines, Norway, and Chile (box 2.2); forestry and flower enterprises
in Kenya, the Netherlands, and Colombia; and furniture, textile, and garment production
in Indonesia, Italy, and Taiwan. Firms compete less on the basis of price and more on the
basis of their ability to design novel products or improve the quality management of their
production. Firms that anticipate or quickly adapt to changing consumer demand or
changing production conditions are better placed to navigate between increasingly
dynamic markets for consumer goods on the one hand and rapidly changing markets for
raw materials and business-to-business services on the other.

As traditional barriers to trade and investment have been dismantled, innovation-based
competition has diffused around the globe. Local firms everywhere feel pressure to
engage in continuous innovation, and they are challenging governments to develop
policies to stimulate and support an innovation process.

Conventional economic models, which view innovation as a linear process driven by the
supply of R&D, cannot not fully explain these industry trends or offer much guidance for
policy makers. Alternative explanations of the innovation process have emerged from the
evolutionary economics tradition and others (box 2.3). Several investigators observed that
the more successful economies possessed what they described as an effective “national
system of innovation” (Freeman 1989; Lundval 1991). These systems developed in an
institutional (often network-based) setting, which fostered interaction and learning among
scientific and entrepreneurial actors in the public and private sector in response to
changing economic and technical conditions. The continuous process of innovation that
emerged from this setting was viewed as central to the economic success of countries
such as Japan in the1980s.

13



Box 2.2 Knowledge and the competitiveness of the Chilean salmon industry, past and future

Exports of Chilean salmon rose from less than US$50 million in 1989 to US$1.7 billion in 2005.
Salmon now accounts for close to 5 percent of Chile’s exports. Chile’s share of world salmon
production moved from 2 percent in 1987 to nearly 25 percent by the end of the 1990s. The
country’s comparative advantage in salmon production derived not only from its natural
resources—pure waters and good ecological conditions—but from the alertness of local
entrepreneurs and the readiness of public and public-private agencies to help the industry take off.

In the early years—the late 1970s and early 1980s—small firms were concerned mainly with
overcoming their highly imperfect understanding of the technological, organizational, and
ecological/environmental conditions for salmon production. Trial and error and firm-specific
learning were the major characteristics of firms’ behavior during those years. Government played
a crucial catalytic role in designing plants and in other forms of knowledge generation and
diffusion.

In the ensuing period of rapid growth, a public-private system grew up around salmon farming in
Chile. New firms entered the market, capacity expanded, and process improvements were
embodied in new machinery and equipment—brought almost entirely from abroad, however. The
public sector contributed by building roads, modernizing docks and shipping facilities, and
inducing firms—through regulatory agencies—to adopt international quality norms and
standards. At present, the industry is much more capital intensive. Firms are larger and
technologically more complex. The more dynamic ones are proceeding into products with a
higher domestic value added, competing globally by selling under proprietary trademarks to large
international retailers.

The future of the industry is not assured, however. Chile’s salmon-farming sector has failed to
develop a strong capacity to generate and export knowledge and technology. Nor has it induced
the expansion of the capital goods industry catering for salmon farming. Once again—as in the
early years of salmon farming—government must play a catalytic role if the industry is to move
to the next knowledge-intensive stage of development. One alternative is for the government to
coordinate collective action among salmon-farming firms, public-private knowledge-generation
institutions, and financing agencies, with an eye to overcoming market failures in the generation
and dissemination of knowledge.

Source: Katz 2005

Over time, the innovation systems concept has gained wide support among the member
countries of the Organization for Economic Cooperation and Development (OECD).
More recently it has been applied in the European Union (EU)* and in a number of
developing countries as a framework for policy analysis (OECD 1997; Wong 2003;
Cassiolato, Lastres, and Maciel 2003). Although the innovation systems concept is
relatively new to agricultural policy makers and agricultural research managers in
developing countries, it is increasingly suggested as a way of revisiting the question of
how to strengthen agricultural innovation capacity (Hall et al. 2001; Clark et al. 2003;
Hall 2005).

* For example, see the website for TrendChart Innovation Policy in Europe, an initiative of the European
Commission, Enterprise and Industry Directorate General, Innovation Policy Development Unit
(http://trendchart.cordis.lu/scoreboards/scoreboard2004/index.cfm).
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Box 2.3 Theoretical underpinnings of innovation systems

Various streams of economics thinking are helpful in understanding how drivers of growth are

changing and the resulting implications for managing innovation.

e New growth theory stresses the importance of increasing returns to knowledge accumulation,
based on investment in new technologies and human capital.

e Evolutionary and industrial economics demonstrates that this accumulation is a learning
process that involves interactions between the different stages of research and innovation and
is shaped by the interplay of market and nonmarket organizations (such as networks) and by
various organizations (such as social norms or regulations).

e Institutional economics stresses the importance of organizational innovation within firms and
governments in the design and coordination of institutions and procedures involved in
handling more complex interdependencies, as growth leads to the increasing specialization of
tasks and productive tools

e Sociology of innovation stresses the role of “trust” in avoiding the escalating transaction costs
that result from increased specialization and the role of institutional and cultural variety in
boosting creativity.

Source: OECD 2001, Guinet 2004

2.3 Innovation versus invention

To understand the relationship between science and technology and economic change, it
is important to understand that innovation not synonymous with invention. As mentioned
in chapter 1, invention culminates in the supply (creation) of knowledge, but innovation
encompasses the factors affecting demand for and use of knowledge in novel and useful
ways. The notion of novelty is fundamental to invention, but the notion of the process of
creating local change, new to the user, is fundamental to innovation—specifically, the
process by which organizations “master and implement the design and production of
goods and services that are new to them irrespective of whether they are new to their
competitors, their country, or the world ...” (Mytleka 2000). Goel et al. (2004)
summarize the relationship between invention and innovation more succinctly:
“Knowledge is transformed into goods and services through a country’s national
innovation system.”

Distinguishing characteristics of innovations and the innovation process include:

e Innovations are new creations of social and economic significance. They may be
brand new, but they are more often new combinations of existing elements.

e Innovation can comprise radical improvements but usually consists of many small
improvements and a continuous process of upgrading.

e These improvements may be of a technical, managerial, institutional (that is, the way
things are routinely done), or policy nature.

e Very often innovations involve a combination of technical, institutional, and other
sorts of changes.

e Innovation can be triggered in many ways. Bottlenecks in production within a firm,
changes in available technology, competitive conditions, international trade rules,
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domestic regulations, or environmental health concerns may all trigger innovation
processes (Rosenberg 1976, Dosi 1988, Chandler 1990, and Nelson 1996).

2.4 Key insights from the innovation systems concept for
diagnostic and intervention frameworks

An innovation system can be defined as a network of organizations focused on bringing
new products, new processes, and new forms of organization into economic use, together
with the institutions and policies that affect their behavior and performance. The
following paragraphs summarize 11 analytical insights from the innovation systems
concept. These insights are used later in this paper to develop a framework for using the
innovation systems concept to diagnose the strengths and weaknesses of existing
innovation capacity as well as to guide investments and interventions to strengthen this
capacity.

1. Focus on innovation rather than production. In contrast to most economic
frameworks, which focus on production or output, the focus here is on innovation.
Innovation is understood to be neither research nor science and technology, but rather the
application of knowledge (of all types) in the production of goods and services to achieve
desired social or economic outcomes. So, for example, the development by a research
organization or a company of a new packaging material is an invention. In contrast, a
company packaging its product in new way using new and/or existing information is an
innovation.

2. Interaction and learning. Innovation is an interactive process through which
knowledge acquisition and learning take place. This process often requires quite
extensive linkages with different knowledge sources. These sources may be scientific and
technical, but equally they can be a source of other forms of knowledge, both tacit and
codified. Patterns of interaction between different knowledge sources form a central
component of an organization’s or sector’s capacity to innovate. Ideas like t