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Investment in social sciences and life sciences is critical to generate the knowledge and technology needed to facilitate economic development and improve human welfare.  Investment in science may:
1. Facilitate efficient and sustainable management and use of scarce resources,
2. Develop improved methods and outputs, and
3. Identify development options and improve the understanding of the consequences of alternatives.

The development process can be viewed as a dynamic behavioral system that can be influenced by changed behavior of decision-making agents who, in turn, can be influenced by knowledge from research. 

Investment in research produces very high rates of return and large economic and social benefits. Research also embodies risks and not all research pays off.  There is overwhelming evidence of underinvestment in science for development in developing countries.  Marginal economic returns for agricultural research in developing countries are usually above 20% annually.  This is partly a function of very low levels of research investments: About 0.6 % of the value of agricultural output compared to public investment of 2.5 % in developed countries plus another 2.5% private sector investment. 

But there is also overwhelming evidence of underinvestment in rural infrastructure and institutions, education, health care, and a host of other activities of critical importance to development and human welfare.  The benefits from investment in one of these, including research, depend on the level of the others.  The relevant question is: What is the most limiting factor?  The answer is location and time specific. For example, several projects in SSA, such as the Sasakawa projects and Malawi’s fertilizer/seed program, have demonstrated that yields can be increased very significantly with existing technology.  From those and many other projects it appears that the most constraining factor often is the socio-economic and policy environment and Not a technical production problem for which more biological research is needed.  What is likely to be needed are access to well-functioning competitive input and output markets, risk management tools, credit, good health care, application of existing knowledge and technology and price-relations that yield reasonable profits to the farmers.  That is what initiatives such as the Sasakawa projects can simulate at the local level but not implement at the national scale.  

Does this mean that investment in agricultural research should be put on hold for countries or regions with poor socio-economic conditions until investments have been made to rectifying these conditions?  No, but the allocation of resources to research should be made in the context of both short and long-term allocation of resources to the other limiting factors.  More research is clearly needed to reduce risks from biotic and abiotic factors such as drought, plant and animal diseases, and pests.  Such research can be a very important risk management tool.  Furthermore, socio-economic and policy research is needed to guide the development and policy process.

It should be recognized, however, that middle-income countries with good infrastructure, well-functioning domestic input and output markets, good rainfall patterns and/or access to irrigation, appropriate policies and good educational and primary health case systems, are likely to experience a higher economic pay-off from research.  The Green Revolution technology did particularly well in areas with such characteristics. 

Many areas with a high prevalence of poverty have been all but bypassed by governments in their allocation of investment for public goods such as research, infrastructure and primary health care.  Economic returns from investment in such public goods for these areas are likely to be high, partly because of diminishing returns to investment in the better endowed areas.  This is illustrated by IFPRI research in China and India.  Whether the priority for investment in these areas should be research, feeder roads or health care should be decided on a case-by-case basis.

The distribution of benefits and costs from research is a key issue which depends on the degree of openness to trade (open or closed economies); the research priorities; the nature of the output from research, e.g. public or private good; the degree of success in research; the socio-economic environment in which it is introduced; and related government policy.

The distribution of benefits will influence the willingness to invest in research.  The group that is able to capture a major share of the benefits is more likely to make the investment.  If society is the main beneficiary, but the research agency cannot capture sufficient benefits to justify the research costs, public funds will be needed.  The private sector is likely to invest in research that is expected to generate a sufficient income stream to cover costs and a reasonable profit.  This means that research producing public goods (goods characterized by non-excludability and non-rivalry) will not be funded by the private sector.  It may be undertaken by private companies if funding is made available from public or civil society sources, e.g. foundations.
Intellectual property rights regimes (exclusive rights, patents) can turn some public goods into private goods.  An example would be improved seed, which was treated as a public good in the case of the Green Revolution, but which can now be patented.  The question then becomes whether public funds should be spent on the development of improved seed.  Generally, the answer would be no.  However, there are at least four reasons why the answer may be affirmative:  

1. Social benefits may exceed private benefits captured by the research agency resulting in underinvestment by the private sector

2. The public sector may make the seed available at lower cost.

3. Inability to pay on the part of the small farmer ( raises the question of alternatives such as a credit program)
4. The market perceived by the private sector may not be large enough to warrant investment. 
Several factors influence the distribution of benefits and costs at the international level, including the degree of globalization (trade environment, international institutions, e.g. IPR/Trips and the CGIAR, knowledge and technology transfer), as well as availability and allocation of research resources.  Continuation of past trends for all research will widen the gap between high and low-income countries and between middle-income and low-income developing countries, as illustrated by the following figures for research investments:
1. High income countries 1.5-3.8 % of GDP

2. India 1.2 %

3. Brazil 0.9 %

4. China 0.7

5.  Least developed countries: less than 0.5 %

The low investment in the least developed countries is caused in part by the inability of poor countries to fully utilize modern science, including genomics and molecular biology, partly by emphasis on short-term priorities and lack of resources.
Is that a problem?  Is investment in research (agricultural or otherwise) the most urgent and important investment these countries can make at their stage of development?  Is science an effective tool to fight poverty in an environment without well-functioning infrastructure, institutions and markets, with high rates of illiteracy and poor health and nutrition?  Is lack of knowledge and technology the most binding constraint?  The answer is location and time specific.  The need to ask the questions is not.
The process of setting priorities within agricultural research should recognize that most research needs a relatively long time to pay off.  Therefore, it is important that the priorities be set with foresight and not be determined by short term considerations.  One implication of that is that the goals should be fixed on a period beyond 2015, the end of the period for achieving the Millennium Development Goals.  With only 8 years left to achieve the Goals, excessive emphasis on 2015 may skew research priorities towards short-term activities while foregoing much greater long term benefits. 
Research priorities should focus on reducing poverty and malnutrition while helping to make small and large farms in developing countries competitive within a globalized market. This means higher productivity, lower unit costs of production and marketing, and meeting international food safety standards and quality and uniformity criteria.  The rapidly increasing demand for agricultural commodities caused by the demand for biofuel, dietary transitions, trade liberalization and income and population increases call for a continuation and possibly acceleration of productivity increases for labor, land and water.  
Research priorities should also focus on  reducing production and market risks, improving the nutritional quality of foods (biofortification) consumed by low-income people, who cannot afford a diversified diet, assuring sustainable management of natural resources in the context of climate change, and protection of biodiversity.  Potential gains from research on the interface between the food system and human health, such as water-borne diseases, microbial contamination, obesity and related cronic diseases and HIV/AIDS, should be explicitly considered in priority setting in both health and food systems research.

The above guidelines for prioritizing research call for integrated social science and life science research efforts:

1. To reduce the most important biotic and abiotic risks while reducing the use of toxic chemicals, 
2. To improve the efficiency in the use of water and land, 
3. To improve productivity of high-value crops, livestock and fish, 
4. To improve the understanding of national and international markets and institutions and identify related policy options, and
5. To improve land, water and forest management, the latter with a view to avoid or remedy undesirable expected consequences of climate change.
Partnership between national and international research institutions and between public and private sector research activities as well as coordination between research goals and complementary government policies will be critical to assure the greatest impact per dollar spent but such partnership will be effective only if there is a clear distribution of responsibilities among the participants on the basis of the comparative advantage. 
A clear identification of national vs. international public goods is necessary to allocate responsibilities between international and national public research institutions.  Similarly, the desired research output should be described in terms of its public or private goods nature to identify the most appropriate role of the private sector. 
Public-private partnerships should be strengthened with respect to the management of intellectual property rights such as patents for both enabling technology and research output to protect the public research institutions’ freedom to operate, to assure a reasonable payment by the private sector to the maintenance of a solid basic research foundation on the basis of which future patentable research results can be produced, and to maintain an incentive for the private sector to continue research.
The need for complementary policies to provide incentives to the private sector to do research needed by the small farmers and facilitate the adoption of such private goods type research results, such as the promotion of credit and savings institutions and the building of feeder roads, should be identified. Research prizes might be developed to help assure a market for technology developed by the private sector.
Opportunities presented by molecular biology should be fully exploited by research for the food system.  This includes genomics work within and across related species, marker assisted breading, tissue culture, and genetic engineering, including transgenic processes.  Failure to fully capture such opportunities in research for the food system in developing countries has delayed the transformation of potential benefits to improve the food system and reduce poverty, hunger and malnutrition in developing countries into real benefits.
Fortunately, transfer of improved production technology developed by private corporations and approval of its commercial use in some developing countries have resulted in a rapid increase in the area grown with improved varieties and hybrids brought about by genetically engineered and the associated reductions in the use of insecticides, increasing yields and higher incomes for small farmers. However, the use of genetically engineered varieties and hybrids is still limited to a few crops including Cotton, maize and soybeans.  Serious consideration should be given to the potential of nanotechnology in research for the food system.
A clear distinction should be made between public and private goods and public funding should be aimed at research to develop public goods.   Public funding should also be directed at policies to create the incentive for the private sector to develop the private goods type knowledge and technology needed, e.g. a market for the technology, and the promotion of credit and risk management institutions for farmers to facilitate adoption.  Similarly, a clear distinction should be made between research needed to generate national or location-specific solutions and research needed to produce solutions that are applicable to many countries and locations, either as inputs into national or local adaptive research or as technology and knowledge that can be applied directly by farmers in many locations.  This would help guide research priorities at the CGIAR centers towards truly international public goods creation and away from research and other activities that can done by national research systems, the private sector, or NGOs.
Priority setting in agricultural research should aim to assure a critical mass of resources for research on the most important problems for which research is likely to provide a solution.  Since funding is scarce, priority setting will imply the exclusion of topics that are deemed to be of lesser importance and a focus on a smaller number of clearly specified research topics.

Although the empirical evidence is still very limited, there are good reasons to believe that the effectiveness of the research process in terms of relevance and adoption of the research results, would be enhanced if a participatory approach, which would include the relevant stakeholder groups, were to replace the linear approach of delivery of research results by the researcher to the extension agent, who, in turn, delivers it to the farmer.  The so-called “innovation system” approach should set research priorities, identify the comparative advantage of each stakeholder group and allocate responsibilities accordingly.  Failure to do that may result in very high transactions costs and poorly designed and executed research.  At this time, it appears that the debate about the use of innovation systems in agricultural research has been captured by process theoreticians and there is a significant risk that what was supposed to be a truly participatory bottom-up approach may become a top down design. 
There is an urgent need to help low-income developing countries strengthen national universities and their research and training capacities.   The separation of research into research agencies de-linked from universities has done serious damage to universities and their training functions in many developing countries.  It is high time to repair those damages by bringing research back to the universities.  Efficient and effective research networks should be promoted but emphasis should be on doing research rather than coordination, planning, travel, consultations, meetings and other activities that result in high transactions costs and slow, inefficient and bureaucratic decision-making processes.  Structural changes in both national and international research institutions and the networks to which they belong could significantly reduce the transactions cost and make more money available for actual research. 
Research should be viewed as one of several activities needed to promote development.  While development in general would benefit greatly from more research, the allocation of resources to research should be made with due consideration to the needs for funding to promote several other investments and policies that are essential for rapid development, which themselves will influence the potential benefits from research.  Even the most ardent supporter of expanded research should consider those trade-offs if sustainable economic development and poverty alleviation are the goals. 
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