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Foreword

The objective of the International Assessment of Agricul-

tural Knowledge, Science and Technology for Development

(IAASTD) was to assess the impacts of past, present and

future agricultural knowledge, science and technology on

the:

o reduction of hunger and poverty,

o improvement of rural livelihoods and human health,
and

o equitable, socially, environmentally and economically
sustainable development.

The IAASTD was initiated in 2002 by the World Bank and
the Food and Agriculture Organization of the United Na-
tions (FAQO) as a global consultative process to determine
whether an international assessment of agricultural knowl-
edge, science and technology was needed. Mr. Klaus Toepfer,
Executive Director of the United Nations Environment Pro-
gramme (UNEP) opened the first Intergovernmental Plenary
(30 August-3 September 2004) in Nairobi, Kenya, during
which participants initiated a detailed scoping, preparation,
drafting and peer review process.

The outputs from this assessment are a Global and five
Sub-Global reports; a Global and five Sub-Global Sum-
maries for Decision Makers; and a cross-cutting Synthesis
Report with an Executive Summary. The Summaries for De-
cision Makers and the Synthesis Report specifically provide
options for action to governments, international agencies,
academia, research organizations and other decision makers
around the world.

The reports draw on the work of hundreds of experts
from all regions of the world who have participated in the
preparation and peer review process. As has been customary
in many such global assessments, success depended first and
foremost on the dedication, enthusiasm and cooperation of
these experts in many different but related disciplines. It is
the synergy of these interrelated disciplines that permitted
TIAASTD to create a unique, interdisciplinary regional and
global process.

We take this opportunity to express our deep gratitude
to the authors and reviewers of all of the reports—their
dedication and tireless efforts made the process a success.
We thank the Steering Committee for distilling the outputs
of the consultative process into recommendations to the
Plenary, the IAASTD Bureau for their advisory role during
the assessment and the work of those in the extended Sec-

retariat. We would specifically like to thank the cosponsor-
ing organizations of the Global Environment Facility (GEF)
and the World Bank for their financial contributions as well
as the FAO, UNEP, and the United Nations Educational,
Scientific and Cultural Organization (UNESCO) for their
continued support of this process through allocation of staff
resources.

We acknowledge with gratitude the governments and
organizations that contributed to the Multidonor Trust
Fund (Australia, Canada, the European Commission,
France, Ireland, Sweden, Switzerland, and the United King-
dom) and the United States Trust Fund. We also thank the
governments who provided support to Bureau members,
authors and reviewers in other ways. In addition, Finland
provided direct support to the Secretariat. The IAASTD was
especially successful in engaging a large number of experts
from developing countries and countries with economies in
transition in its work; the Trust Funds enabled financial as-
sistance for their travel to the IAASTD meetings.

We would also like to make special mention of the Re-
gional Organizations who hosted the regional coordinators
and staff and provided assistance in management and time
to ensure success of this enterprise: the African Center for
Technology Studies (ACTS) in Kenya, the Inter-American
Institute for Cooperation on Agriculture (IICA) in Costa
Rica, the International Center for Agricultural Research in
the Dry Areas (ICARDA) in Syria, and the WorldFish Center
in Malaysia.

The final Intergovernmental Plenary in Johannesburg,
South Africa was opened on 7 April 2008 by Achim Steiner,
Executive Director of UNEP. This Plenary saw the accep-
tance of the Reports and the approval of the Summaries for
Decision Makers and the Executive Summary of the Synthe-
sis Report by an overwhelming majority of governments.

Signed: %M
Co-chairs

Hans H. Herren

Judi Wakhungu -"“J""_ N, L\/J"_‘“"‘\ﬁ..__
Director

Robert T. Watson

KT L
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Statement by Governments

All countries present at the final intergovernmental plenary
session held in Johannesburg, South Africa in April 2008
welcome the work of the IAASTD and the uniqueness of
this independent multistakeholder and multidisciplinary
process, and the scale of the challenge of covering a broad
range of complex issues. The Governments present recog-
nize that the Global and Sub-Global Reports are the conclu-
sions of studies by a wide range of scientific authors, experts
and development specialists and while presenting an overall
consensus on the importance of agricultural knowledge, sci-
ence and technology for development they also provide a
diversity of views on some issues.

All countries see these reports as a valuable and im-
portant contribution to our understanding on agricultural
knowledge, science and technology for development recog-
nizing the need to further deepen our understanding of the
challenges ahead. This Assessment is a constructive initia-
tive and important contribution that all governments need
to take forward to ensure that agricultural knowledge, sci-
ence and technology fulfills its potential to meet the develop-
ment and sustainability goals of the reduction of hunger and
poverty, the improvement of rural livelihoods and human
health, and facilitating equitable, socially, environmentally
and economically sustainable development.

In accordance with the above statement, the following
governments approve the Global Summary for Decision
Makers.

Armenia, Azerbaijan, Bahrain, Bangladesh, Belize,
Benin, Bbutan, Botswana, Brazil, Cameroon, China
(People’s Republic of), Costa Rica, Cuba, Democratic
Republic of Congo, Dominican Republic, El Salvador,
Ethiopia, Finland, France, Gambia, Ghana, Honduras,
India, Iran, Ireland, Kenya, Kyrgyzstan, Lao People’s
Democratic Republic, Lebanon, Libyan Arab Jamabiriya,
Maldives, Republic of Moldova, Mozambique, Namibia,
Nigeria, Pakistan, Panama, Paraguay, Philippines, Poland,
Republic of Palau, Romania, Saudi Arabia, Senegal,
Solomon Islands, Swaziland, Sweden, Switzerland, United
Republic of Tanzania, Timor-Leste, Togo, Tunisia, Turkey,
Uganda, United Kingdom of Great Britain, Uruguay, Viet
Nam, Zambia (58 countries).

While approving the above statement the following govern-
ments did not fully approve the Global Summary for Deci-
sion Makers and their reservations are entered in Annex A.

Australia, Canada, and United States of America (3
countries).



Background

In August 2002, the World Bank and the Food and Agri-
culture Organization (FAO) of the United Nations initiated
a global consultative process to determine whether an in-
ternational assessment of agricultural knowledge, science
and technology (AKST) was needed. This was stimulated
by discussions at the World Bank with the private sector
and nongovernmental organizations (NGOs) on the state of
scientific understanding of biotechnology and more specifi-
cally transgenics. During 2003, eleven consultations were
held, overseen by an international multistakeholder steer-
ing committee and involving over 800 participants from all
relevant stakeholder groups, e.g., governments, the private
sector and civil society. Based on these consultations the
steering committee recommended to an Intergovernmental
Plenary meeting in Nairobi in September 2004 that an inter-
national assessment of the role of AKST in reducing hunger
and poverty; improving rural livelihoods and facilitating
environmentally, socially and economically sustainable
development was needed. The concept of an International
Assessment of Agricultural Knowledge, Science and Tech-
nology for Development (IAASTD) was endorsed as a multi-
thematic, multi-spatial, multi-temporal intergovernmental
process with a multistakeholder Bureau cosponsored by the
Food and Agriculture Organization of the United Nations
(FAO), the Global Environment Facility (GEF), United Na-
tions Development Programme (UNDP), United Nations
Environment Programme (UNEP), United Nations Educa-
tional, Scientific and Cultural Organization (UNESCO), the
World Bank and World Health Organization (WHO).

The TAASTD’s governance structure is a unique hybrid
of the Intergovernmental Panel on Climate Change (IPCC)
and the nongovernmental Millennium Ecosystem Assess-
ment (MA). The stakeholder composition of the Bureau was
agreed at the Intergovernmental Plenary meeting in Nairobi;
it is geographically balanced and multistakeholder with 30
government and 30 civil society representatives (NGOs,
producer and consumer groups, private sector entities and
international organizations) in order to ensure ownership of
the process and findings by a range of stakeholders.

About 400 of the world’s experts were selected by the
Bureau, following nominations by stakeholder groups, to
prepare the IAASTD Report (comprised of a Global and
five Sub-Global assessments). These experts worked in their
own capacity and did not represent any particular stake-
holder group. Additional individuals, organizations and
governments were involved in the peer review process.

The TAASTD development and sustainability goals were
endorsed at the first Intergovernmental Plenary and are con-

sistent with a subset of the UN Millennium Development
Goals (MDGs): the reduction of hunger and poverty, the
improvement of rural livelihoods and human health, and
facilitating equitable, socially, environmentally and eco-
nomically sustainable development. Realizing these goals
requires acknowledging the multifunctionality of agriculture:
the challenge is to simultaneously meet development and sus-
tainability goals while increasing agricultural production.

Meeting these goals has to be placed in the context of a
rapidly changing world of urbanization, growing inequities,
human migration, globalization, changing dietary prefer-
ences, climate change, environmental degradation, a trend
toward biofuels and an increasing population. These condi-
tions are affecting local and global food security and put-
ting pressure on productive capacity and ecosystems. Hence
there are unprecedented challenges ahead in providing food
within a global trading system where there are other com-
peting uses for agricultural and other natural resources.
AKST alone cannot solve these problems, which are caused
by complex political and social dynamics, but it can make
a major contribution to meeting development and sustain-
ability goals. Never before has it been more important for
the world to generate and use AKST.

Given the focus on hunger, poverty and livelihoods,
the TAASTD pays special attention to the current situation,
issues and potential opportunities to redirect the current
AKST system to improve the situation for poor rural peo-
ple, especially small-scale farmers, rural laborers and others
with limited resources. It addresses issues critical to formu-
lating policy and provides information for decision makers
confronting conflicting views on contentious issues such as
the environmental consequences of productivity increases,
environmental and human health impacts of transgenic
crops, the consequences of bioenergy development on the
environment and on the long-term availability and price of
food, and the implications of climate change on agricultural
production. The Bureau agreed that the scope of the assess-
ment needed to go beyond the narrow confines of science
and technology (S&T) and should encompass other types
of relevant knowledge (e.g., knowledge held by agricultural
producers, consumers and end users) and that it should also
assess the role of institutions, organizations, governance,
markets and trade.

The TAASTD is a multidisciplinary and multistakeholder
enterprise requiring the use and integration of information,
tools and models from different knowledge paradigms in-
cluding local and traditional knowledge. The IAASTD does
not advocate specific policies or practices; it assesses the ma-
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jor issues facing AKST and points towards a range of AKST
options for action that meet development and sustainability
goals. It is policy relevant, but not policy prescriptive. It
integrates scientific information on a range of topics that
are critically interlinked, but often addressed independently,
i.e., agriculture, poverty, hunger, human health, natural re-
sources, environment, development and innovation. It will
enable decision makers to bring a richer base of knowledge
to bear on policy and management decisions on issues previ-
ously viewed in isolation. Knowledge gained from histori-
cal analysis (typically the past 50 years) and an analysis
of some future development alternatives to 2050 form the
basis for assessing options for action on science and tech-
nology, capacity development, institutions and policies, and
investments.

The TAASTD is conducted according to an open, trans-
parent, representative and legitimate process; is evidence-
based; presents options rather than recommendations;
assesses different local, regional and global perspectives;
presents different views, acknowledging that there can be
more than one interpretation of the same evidence based
on different worldviews; and identifies the key scientific un-
certainties and areas on which research could be focused to
advance development and sustainability goals.

The TAASTD is composed of a Global assessment and
five Sub-Global assessments: Central and West Asia and
North Africa — CWANA; East and South Asia and the
Pacific — ESAP; Latin America and the Caribbean — LAC;
North America and Europe — NAE; Sub-Saharan Africa —
SSA. It (1) assesses the generation, access, dissemination
and use of public and private sector AKST in relation to
the goals, using local, traditional and formal knowledge;
(2) analyzes existing and emerging technologies, practices,
policies and institutions and their impact on the goals; (3)
provides information for decision makers in different civil
society, private and public organizations on options for im-
proving policies, practices, institutional and organizational
arrangements to enable AKST to meet the goals; (4) brings
together a range of stakeholders (consumers, governments,
international agencies and research organizations, NGOs,
private sector, producers, the scientific community) involved
in the agricultural sector and rural development to share
their experiences, views, understanding and vision for the
future; and (5) identifies options for future public and pri-
vate investments in AKST. In addition, the IAASTD will en-
hance local and regional capacity to design, implement and
utilize similar assessments.

In this assessment agriculture is used to include produc-
tion of food, feed, fuel, fiber and other products and to in-
clude all sectors from production of inputs (e.g., seeds and
fertilizer) to consumption of products. However, as in all
assessments, some topics were covered less extensively than
others (e.g., livestock, forestry, fisheries and the agricultural
sector of small island countries, and agricultural engineer-
ing), largely due to the expertise of the selected authors.
Originally the Bureau approved a chapter on plausible fu-
tures (a visioning exercise), but later there was agreement
to delete this chapter in favor of a more simple set of model
projections. Similarly the Bureau approved a chapter on ca-
pacity development, but this chapter was dropped and key
messages integrated into other chapters.

The TAASTD draft report was subjected to two rounds
of peer review by governments, organizations and individu-
als. These drafts were placed on an open access Web site
and open to comments by anyone. The authors revised the
drafts based on numerous peer review comments, with the
assistance of review editors who were responsible for ensur-
ing the comments were appropriately taken into account.
One of the most difficult issues authors had to address was
criticisms that the report was too negative. In a scientific
review based on empirical evidence, this is always a difficult
comment to handle, as criteria are needed in order to say
whether something is negative or positive. Another difficulty
was responding to the conflicting views expressed by review-
ers. The difference in views was not surprising given the
range of stakeholder interests and perspectives. Thus one of
the key findings of the IAASTD is that there are diverse and
conflicting interpretations of past and current events, which
need to be acknowledged and respected.

The Global and Sub-Global Summaries for Decision
Makers and the Executive Summary of the Synthesis Report
were approved at an Intergovernmental Plenary in April
2008. The Synthesis Report integrates the key findings from
the Global and Sub-Global assessments, and focuses on eight
Bureau-approved topics: bioenergy; biotechnology; climate
change; human health; natural resource management; tradi-
tional knowledge and community based innovation; trade
and markets; and women in agriculture.

The TAASTD builds on and adds value to a number of
recent assessments and reports that have provided valuable
information relevant to the agricultural sector, but have not
specifically focused on the future role of AKST, the institu-
tional dimensions and the multifunctionality of agriculture.
These include: FAO State of Food Insecurity in the World
(yearly); InterAcademy Council Report: Realizing the Prom-
ise and Potential of African Agriculture (2004); UN Mil-
lennium Project Task Force on Hunger (2005); Millennium
Ecosystem Assessment (2005); CGIAR Science Council
Strategy and Priority Setting Exercise (2006); Comprehen-
sive Assessment of Water Management in Agriculture: Guid-
ing Policy Investments in Water, Food, Livelihoods and
Environment (2007); Intergovernmental Panel on Climate
Change Reports (2001 and 2007); UNEP Fourth Global
Environmental Outlook (2007); World Bank World Devel-
opment Report: Agriculture for Development (2008); IFPRI
Global Hunger Indices (yearly); and World Bank Internal
Report of Investments in SSA (2007).

Financial support was provided to the TAASTD by
the cosponsoring agencies, the governments of Australia,
Canada, Finland, France, Ireland, Sweden, Switzerland, US
and UK, and the European Commission. In addition, many
organizations have provided in-kind support. The authors
and review editors have given freely of their time, largely
without compensation.

The Global and Sub-Global Summaries for Decision
Makers and the Synthesis Report are written for a range of
stakeholders, i.e., government policy makers, private sector,
NGOs, producer and consumer groups, international orga-
nizations and the scientific community. There are no recom-
mendations, only options for action. The options for action
are not prioritized because different options are actionable
by different stakeholders, each of whom have a different



set of priorities and responsibilities and operate in different
socioeconomic and political circumstances.

Key Findings

1. Agricultural Knowledge, Science and Technology
(AKST) has contributed to substantial increases in ag-
ricultural production over time, contributing to food
security. This has been achieved primarily through a strong
focus on increasing yields with improved germplasm, and
increased inputs (water, agrochemicals) and mechanization.
These increases in productivity have contributed to a net in-
crease in global food availability per person: from 2360 kcal
in the 1960s to 2803 kcal per person per day in the 1990s,
at a time when world population significantly increased.

2. People have benefited unevenly from these yield in-
creases across regions, in part because of different
organizational capacities, sociocultural factors, and
institutional and policy environments. While in South
Asia the percentage of people living in poverty (<US$2 per
day) has decreased from 45 to 30%, in sub-Saharan Africa
(SSA), for example, this percentage (around 50%) has re-
mained the same over the last 20 years. Value added per ag-
ricultural worker in 2003 (in 2000 US$) in OECD countries
was $23,081 with a rate of growth of 4.4% for 1992-2003.
For SSA, the figures are respectively $327 and 1.4%.

3. Emphasis on increasing yields and productivity has
in some cases had negative consequences on envi-
ronmental sustainability. These consequences were often
not foreseen as they occurred over time and some occurred
outside of traditional farm boundaries. For instance, 1.9
billion ha (and 2.6 billion people) today are affected by
significant levels of land degradation. Fifty years ago water
withdrawal from rivers was one-third of what it is today:
currently 70% of freshwater withdrawal globally (2700
km3-2.45% of rainfall) is attributable to irrigated agricul-
ture, which in some cases has caused salinization. Approxi-
mately 1.6 billion people live in water-scarce basins. Agri-
culture contributes about 60% of anthropogenic emissions
of CH, and about 50% of N,0 emissions. Inappropriate
fertilization has led to eutrophication and large dead zones
in a number of coastal areas, e.g., Gulf of Mexico, and some
lakes, and inappropriate use of pesticides has led to ground-
water pollution, and other effects, for example loss of
biodiversity.

4. The environmental shortcomings of agricultural
practice associated with poor socioeconomic condi-
tions create a vicious cycle in which poor smallholder
farmers have to deforest and use new often marginal
lands, thus increasing deforestation and overall deg-
radation. Loss of soil fertility, soil erosion, breakdown in
agroecological functions have resulted in poor crop yields,
land abandonment, deforestation and ever-increasing move-
ment into marginal land, including steep hillsides. Existing
multifunctional systems that minimize these problems have
not been sufficiently prioritized for research. There is little
recognition of the ecosystem functions that mitigate the en-
vironmental impacts.
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Multifunctionality

The term multifunctionality has sometimes been interpreted
as having implications for trade and protectionism. This is not
the definition used here. In IAASTD, multifunctionality is used
solely to express the inescapable interconnectedness of ag-
riculture’s different roles and functions. The concept of multi-
functionality recognizes agriculture as a multi-output activity
producing not only commodities (food, feed, fibers, agrofuels,
medicinal products and ornamentals), but also non-commod-
ity outputs such as environmental services, landscape ameni-
ties and cultural heritages.

The working definition proposed by OECD, which is used
by the IAASTD, associates multifunctionality with the par-
ticular characteristics of the agricultural production process
and its outputs; (1) multiple commodity and non-commodity
outputs are jointly produced by agriculture; and (2) some of
the non-commodity outputs may exhibit the characteristics
of externalities or public goods, such that markets for these
goods function poorly or are non-existent.

The use of the term has been controversial and contested
in global trade negotiations, and it has centered on whether
“trade-distorting” agricultural subsidies are needed for agri-
culture to perform its many functions. Proponents argue that
current patterns of agricultural subsidies, international trade
and related policy frameworks do not stimulate transitions
toward equitable agricultural and food trade relation or sus-
tainable food and farming systems and have given rise to per-
verse impacts on natural resources and agroecologies as well
as on human health and nutrition. Opponents argue that at-
tempts to remedy these outcomes by means of trade-related
instruments will weaken the efficiency of agricultural trade and
lead to further undesirable market distortion; their preferred
approach is to address the externalized costs and negative
impacts on poverty, the environment, human health and nutri-
tion by other means.

5. Projections based on a continuation of current poli-
cies and practices indicate that global demographic
changes and changing patterns of income distribution
over the next 50 years will lead to different patterns of
food consumption and increased demand for food. In
the reference run, global cereal demand is projected to increase
by 75% between 2000 and 2050 and global meat demand is
expected to double. More than three-fourths of growth in de-
mand in both cereals and meat is projected to be in developing
countries. Projections indicate a probable tightening of world
food markets with increasing resource scarcity adversely af-
fecting poor consumers and poor producers. Overall, cur-
rent terms of trade and policies, and growing water and
land scarcity, coupled with projected changes in climate is
projected to constrain growth in food production.

6. Agriculture operates within complex systems and is
multifunctional in its nature. A multifunctional approach
to implementing AKST will enhance its impact on hunger
and poverty, improving human nutrition and livelihoods in
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an equitable, environmentally, socially and economically
sustainable manner.

7. An increase and strengthening of AKST towards’
agroecological sciences will contribute to addressing
environmental issues while maintaining and increas-
ing productivity. Formal, traditional and community-based
AKST need to respond to increasing pressures on natural re-
sources, such as reduced availability and worsening quality
of water, degraded soils and landscapes, loss of biodiversity
and agroecosystem function, degradation and loss of forest
cover and degraded marine and inshore fisheries. Agricul-
tural strategies will also need to include limiting emission of
greenhouse gases and adapting to human-induced climate
change and increased variability.

8. Strengthening and redirecting the generation and
delivery of AKST will contribute to addressing a range
of persistent socioeconomic inequities. They include
reducing the risk of conflicts resulting from competing
claims on land and water resources; assisting individuals
and communities in coping with endemic and epidemic hu-
man and animal diseases and their consequences; address-
ing problems and opportunities associated with local and
international flows of migrant laborers; and increasing ac-
cess to information, education and technology to poorer
areas and peoples, especially to women. Such redirection
and strengthening requires thorough, open and transparent
engagement of all stakeholders.

9. Greater and more effective involvement of women
and use of their knowledge, skills and experience will
advance progress towards sustainability and devel-
opment goals and a strengthening and redirection of
AKST to address gender issues will help achieve this.
Women farmers, processors and farm workers have ben-
efited less from AKST than men overall and poor women
least of all. Efforts to redress persistent biases in their access
to production resources and assets, occupational education
and training, information and extension services have met
with limited success. Many of the societal, policy-related
and operational impediments to more equitable progress,
as well as the private and public costs of such an uneven
pattern of development, are well understood as are the fac-
tors that discourage more determined action to empower
women.

10. Many of the challenges facing agriculture currently
and in the future will require more innovative and in-
tegrated applications of existing knowledge, science
and technology (formal, traditional and community-
based), as well as new approaches for agricultural and
natural resource management. Agricultural soil and bio-
diversity, nutrient, pest and water management, and the ca-
pacity to respond to environmental stresses such as climate
change can be enhanced by traditional and local knowledge
systems and current technologies. Technological options-
such as new genotypes of crops, livestock, fish and trees and
advances in plant, livestock and fish breeding, biotechnol-
ogy, remote sensing, agroecology, agroforestry, integrated

! USA and Botswana.

pest and nutrient management and information and com-
munication technologies (ICTs) will create opportunities
for more resource-efficient and site-specific agriculture.?

11. Some challenges will be resolved primarily by de-
velopment and appropriate application of new and
emerging AKST. Such AKST can contribute to solutions
provided appropriate institutions and capacities are in
place. Examples include combating livestock diseases, e.g.,
vaccine development; mitigating greenhouse gas emissions
from agriculture; reducing the vulnerability of agriculture to
a changing climate; reducing the heavy reliance of agricul-
ture and commodity chains on fossil fuels; and addressing
complex socioeconomic issues regarding local, national and
international public goods.>?

12. Targeting small-scale agricultural systems by forg-
ing public and private partnerships, increased public
research and extension investment helps realize ex-
isting opportunities. Strengthening participatory research
and extension partnerships, development-oriented local
governance and institutions such as cooperatives, farmer
organizations and business associations, scientific institu-
tions and unions support small-scale producers and entre-
preneurs to capture and add value to existing opportunities
on-farm, post-harvest and in non-farm rural enterprises. In
some instances, opportunities lie in those small-scale farm-
ing systems that have high water, nutrient and energy use
efficiencies and conserve natural resources and biodiversity
without sacrificing yield, but high marketing costs do not
allow them to harness these opportunities. The underlying
principles, processes and knowledge may be relevant and
capable of extrapolation to larger scale farming systems,
particularly in the face of climate change effects.

13. Significant pro-poor progress requires creating
opportunities for innovation and entrepreneurship,
which explicitly target resource poor farmers and ru-
ral laborers. This will require simultaneous investments in
infrastructure and facilitating access to markets and trade
opportunities, occupational education and extension servic-
es, capital, credit, insurance and in natural resources such
as land and water. The increasing market influence of large
scale buyers and market standards are especially challeng-
ing for small producers necessitating further innovation in
public and private training, education and extension servic-
es and suitable legal, regulatory and policy frameworks.

14. Decisions around small-scale farm sustainabil-
ity pose difficult policy choices. Special and differen-
tial treatment for developing countries is an acknowledged
principle in Doha agricultural negotiations and it is accept-
ed that developing countries can have this special treatment
especially on the grounds of food security, farmer’s liveli-
hoods and rural development. Suitable action is considered
necessary at the international and national level to enable
small farmers to benefit from these provisions. New pay-
ment mechanisms for environmental services by public and

2 USA.
3 Benin, Botswana, DRC, Ethiopia, Gambia, Kenya, Tanzania,
Togo, Uganda.




Biotechnology

The IAASTD definition of biotechnology is based on that in the
Convention on Biological Diversity and the Cartagena Proto-
col on Biosafety. It is a broad term embracing the manipula-
tion of living organisms and spans the large range of activities
from conventional techniques for fermentation and plant and
animal breeding to recent innovations in tissue culture, irradia-
tion, genomics and marker-assisted breeding (MAB) or marker
assisted selection (MAS) to augment natural breeding. Some
of the latest biotechnologies, called “modern biotechnology”,
include the use of in vitro modified DNA or RNA and the fu-
sion of cells from different taxonomic families, techniques that
overcome natural physiological reproductive or recombination
barriers.

private utilities such as catchment protection and mitigation
of climate change effects are of increasing importance and
open new opportunities for the small-scale farm sector.

15. Public policy, regulatory frameworks and interna-
tional agreements are critical to implementing more
sustainable agricultural practices. Urgent challenges re-
main that call for additional effective agreements and bio-
security measures involving transboundary water, emerg-
ing human and animal diseases, agricultural pests, climate
change, environmental pollution and the growing concerns
about food safety and occupational health. Achieving devel-
opment and sustainability goals calls for national and inter-
national regulations to address the multiple economic, en-
vironmental and social dimensions of these transboundary
issues. These policies need to be informed by broad-based
evidence from natural and social sciences with multistake-
holder participation. Improved governance and strength-
ening engagement of stakeholders can redress some of the
inadequacies where identified in AKST arrangements that
often privilege short-term over long-term considerations
and productivity over environmental and social sustainabil-
ity and the multiple needs of the small-scale farm sector.

16. Innovative institutional arrangements are essential
to the successful design and adoption of ecologically
and socially sustainable agricultural systems. Sus-
tainable agricultural production is more likely when legal
frameworks and forms of association provide secure access
to credit, markets, land and water for individuals and com-
munities with modest resources. Creating market-based op-
portunities for processing and commercializing agricultural
products that ensure a fair share of value addition for small-
scale producers and rural laborers is critical to meeting de-
velopment and sustainability goals.

17. Opening national agricultural markets to interna-
tional competition can offer economic benefits, but
can lead to long term negative effects on poverty al-
leviation, food security and the environment without
basic national institutions and infrastructure being in
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place. Some developing countries with large export sec-
tors have achieved aggregate gains in GDP, although their
small-scale farm sectors have not necessarily benefited and
in many cases have lost out. The small-scale farm sector in
the poorest developing countries is a net loser under most
trade liberalization scenarios that address this question.
These distributional impacts call for differentiation in poli-
cy frameworks as embraced by the Doha work plan (special
and differential treatment and non-reciprocal access). De-
veloping countries could benefit from reduced barriers and
elimination of escalating tariffs for processed commodities
in developed and developing countries; and they could also
benefit from reduced barriers among themselves; deeper
generalized preferential access to developed country mar-
kets for commodities important for rural livelihoods; in-
creased public investment in local value addition; improved
access for small-scale farmers to credit; and strengthened
regional markets.

18. Intensive export-oriented agriculture has increased
under open market operations but has been accom-
panied by both benefits and adverse consequences
depending on circumstances such as exportation of
soil nutrients and water, unsustainable soil or water
management or exploitative labor conditions in some
cases. AKST innovations that address sustainability and
development goals would be more effective with fundamen-
tal changes in price signals, for example, internalization of
environmental externalities and payment or reward for en-
vironmental services.

19. The choice of relevant approaches to adoption and
implementation of agricultural innovation is crucial for
achieving development and sustainability goals. There
is a wide range of such approaches in current use. In the
past, most AKST policy and practice in many countries were
undertaken using the “transfer of technology” approach. A
critical decision for AKST stakeholders is the selection of
approaches suited to the advancement of sustainability and
development goals in different circumstances.

20. More and better targeted AKST investments, ex-
plicitly taking into account the multifunctionality of
agriculture, by both public and private sectors can
help advance development and sustainability goals.
Increased investments in AKST, particularly if complement-
ed by supporting investments in rural development (for ex-
ample, infrastructure, telecommunications and processing
facilities) can have high economic rates of return and reduce
poverty. AKST investments also generate environmental, so-
cial, health, and cultural impacts. More evidence is needed
on the actual levels and distributional effects of the econom-
ic and non-economic benefits and costs of these investments
for better targeting of future AKST investments.

21. While public private partnerships are to be encour-
aged the establishment and enforcement of codes of
conduct by universities and research institutes can
help avoid conflicts of interest and maintain focus on
sustainability and development in AKST when private
funding complements public sector funds. Govern-
ment capacity to understand, and where necessary mediate
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public—private partnerships, can be assisted for instance by
means of monitoring systems.

22. Achieving sustainability and development goals will
involve creating space for diverse voices and perspec-
tives and a multiplicity of scientifically well-founded
options, through, for example, the inclusion of social
scientists in policy and practice of AKST helps direct
and focus public and private research, extension and
education on such goals. Diverse and conflicting inter-
pretations of past and current events, coupled with the un-
der-valuation of different types of AKST limit progress in
the field. Understanding the underlying sources of compet-
ing interpretations of AKST is crucial to addressing goals.
Some interpretations have been privileged over others and
have helped push formal AKST along certain pathways, to
the neglect of other scientifically sound options. Some of
the by-passed options originate in traditional knowledge or
civil society experience and may be better able to contribute
to poverty reduction, social inclusion, equity and generate
multifunctional outcomes.

Context
Agricultural knowledge, science and technology can play a key
role in addressing development and sustainability goals—re-
ducing hunger and poverty, improving rural livelihoods and
facilitating equitable, environmentally, socially and econom-
ically sustainable development. This task requires that AKST
address the multifunctionality of agriculture, not just as a site
for food production, but also as a foundation for communi-
ties, economies and a host of ecological relationships. Hence
effective management of physical and natural resources, the
internalization of externalized costs and the continuing avail-
ability of, and access to, public goods, such as biodiversity,
including germplasm, and ecosystem services are critical to
meeting development and sustainability goals [Chapter 3].
Agriculture, for the purposes of the IAASTD, is a range
of production systems, and is considered to be a linked, dy-
namic social-ecological system based on the maintenance,
utilization and regeneration of ecosystem services managed
by people. It includes cropping, animal husbandry, fishing,
forestry, biofuel and bioproducts industries, and the produc-
tion of pharmaceuticals or tissue for transplant in crops and
livestock through genetic engineering. IAASTD looks at the
entire system of goods and services from agriculture.
Agriculture provides a livelihood for 40% of the global
population; 70% of the poor in developing countries live
in rural areas and are directly or indirectly dependent on
agriculture for their livelihood. Agriculture also has a major
influence on essential ecosystem services such as water sup-
ply and purification, pollination, pest and disease control,
and the uptake and release of carbon [Chapter 3].
Globally, AKST can contribute in important ways to ad-
dressing poverty alleviation for the 3 billion people who live
on less than US $2 per day and must provide adequate and
nutritious food for everyone, particularly for 854 million
undernourished people. Other global development chal-
lenges include clean water for the 1.3 billion people who live
without it and environmentally sustainable energy sources
for 2 billion people; AKST can also play a role in addressing
these challenges [Chapters 1, 3].

By focusing on development and sustainability goals at
the global scale, this assessment naturally emphasizes the
challenges facing developing countries and poor rural com-
munities where the greatest numbers of people depend on
agriculture for their livelihoods and where poverty and envi-
ronmental degradation exist. However, challenges to meet-
ing these goals exist in all countries and local and national
solutions need to appreciate their interrelationships and the
global context.

In order to realize development and sustainability goals,
we must distinguish two areas for action. One area is tech-
nology development: continued crop, tree, fish and livestock
improvement, and sustainable practices for using water and
other natural resources and energy. However, goals can only
be reached if we pay attention to a second area of action:
organizational capacity and policy and institutional devel-
opment. For example, the use of new technologies usually is
predicated upon the existence of markets with remunerative
prices, access to credit, inputs and a host of other services
and supports that are often neglected.

Trends in investment in agricultural research and de-
velopment are a critically important contextual component
relevant to achieving development and sustainability goals
because in general, public funding is more able to incorpo-
rate the interests of the underprivileged and the environment
than private sources of funding. Investments in agricultural
research and development (R&D) are still growing, but the
growth rate declined during the 1990s. In addition, invest-
ment trends among countries have increasingly diverged.
Investment in publicly funded agricultural R&D in many
industrialized countries has stalled or declined and has be-
come a small proportion of total spending on science and
technology (S&T). Many developing countries have also
stagnated or slipped in terms of publicly funded agricultural
R&D investments, except for a few, often more industri-
alized, countries. Investments by the private sector have
increased in industrialized countries, but have remained
small in developing countries. Comprehensive data need to
be compiled for a fuller assessment of the state of agricul-
tural R&D including areas such as extension, traditional
and local AKST, farming systems evolutions, social sciences,
certain health sector research, mitigation and adaptation of
climate change [Chapter 8].

Public investments in AKST can have economic rates
of return in the order of 40-50% under favorable market
conditions and contribute to meeting development and sus-
tainability goals. But AKST investments also generate social,
environmental, health and cultural costs and benefits, some
of which are considered as externalities (positive and nega-
tive) and spillovers [Chapter 2]. These non-economic effects
are also important to society, but are often not included in
conventional rate of return (ROR) analyses because they
present problems of attribution, quantification and valua-
tion. Furthermore, ROR analysis fails to account for the
distribution of costs and benefits among economic classes
and stakeholder groups [Chapter 8].
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Global challenges

Challenge: Decrease hunger and improve health and
human nutrition

Food security. Formal, traditional and local AKST have
made positive contributions to addressing hunger, food se-

curity, human health and nutrition [Chapter 2]. Substan-
tial gains in agricultural productivity over the past 50 years
have reduced rates of hunger and malnutrition, improved
the health and livelihoods of many millions of people and
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The inescapable interconnectedness of agriculture’s different roles and functions
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Figure GSDM-2. A Multifunctional Perspective of Agriculture.
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stimulated economic growth in numerous countries. World
cereal production has more than doubled since 1961 with
average yields per hectare increasing around 150% in many
high and low income countries, with the exception of most
nations in sub-Saharan Africa. Production gains are attrib-
uted to improved crop varieties and livestock, soil manage-
ment, improved access to resources (nutrients and water),
infrastructure developments, policy initiatives, microfinance,
education, better communication and advances in market
and trade systems. Globally, until recently, food has become
cheaper and average calorie availability has increased. In
the mid-1960s, 57% of the world’s population lived in
countries where the average caloric availability was below
2200 keal; now the proportion is 10%. Gains in China, In-

dia, Brazil and Indonesia were primarily responsible for this
marked improvement in average nutrition [Chapter 3].
Despite much progress in agricultural technologies,
persistent challenges remain that call for action in other
domains such as governance. Substantial increases in agri-
cultural production over time have had an uneven effect on
food security. Hunger, malnutrition and food insecurity re-
main high, affecting millions of people, particularly in South
Asia and sub-Saharan Africa [Chapters 1, 3, 4]. Further-
more, expected increases in global population and incomes
over the next 50 years will lead to an increased demand for
food. Demographic changes, including aging populations,
urbanization, changing food consumption patterns and the
distribution of income, are driving changes in dietary pat-
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terns with positive and negative effects on health [Chapters
5, 6]. Business-as-usual projections (i.e., broadly a continu-
ation of current policies and practices) indicate a probable
tightening of world food markets with increasing resource
scarcity adversely affecting poor consumers and poor pro-
ducers [Chapter 5].

Rapid growth in demand for meat and milk is projected
to increase competition for land with crop production and
to put pressure on the price for maize and other grains and
meals. This is because it takes 4.5 plant-derived calories
to produce one calorie of egg or milk and 9 plant-derived
calories to produce one calorie of beef or lamb meat. Thus
growing demand usually associated with growing income
may trigger structural changes in the livestock sector that
could have significant environmental implications but will
not necessarily result in improved human nutrition for poor
people or better opportunities for all small-scale producers.

Increases in livestock numbers projected to 2050 vary by
region and species, but substantial growth in livestock pro-
duction is projected under a business-as-usual approach to
occur in nearly all the developing world. This projection
calls for an increase in resources allocated to livestock re-
lated research; taking an integrated approach to grassland
and crop-livestock systems to solve the multiple problems that
beset intensive livestock production; and offering better pros-
pects for achieving sustainable solutions [Chapters 3, 5].

Marine, coastal and freshwater ecosystems have been
drastically altered over the past 50 years, reducing their
productivity, resilience to stress, and potential to contribute
to future food security. The total world production from
capture fisheries has declined in recent years due to overfish-
ing because of ineffective management, inappropriate fish-
ing practices and poor understanding of ecosystem-based
management approaches. Future projections indicate that
capture fisheries will continue to decline and aquatic eco-
systems will continue to degrade, seriously threatening food
security. Fishing technology has outpaced the development
and application of sound science and management. The
development and unregulated use of fishing gears such as
large-scale trawling, gill nets, long-lining and use of other
destructive fishing practices, such as dynamite and cyanide,
has damaged the productivity of ecosystems and habitats
upon which fishing depends [Chapter 6].

Food production and the price of food may be affected
by increased biofuel production due to competition for land
and natural resources. The limited access to land by small-
scale farmers is likely to limit their ability to supply and

Food security [is] a situation that exists when all people, at all
times, have physical, social and economic access to sufficient,
safe and nutritious food that meets their dietary needs and food
preferences for an active and healthy life (FAO, The State of Food
Insecurity, 2001).

Food sovereignty is defined as the right of peoples and sov-
ereign states to democratically determine their own agricultural
and food policies.
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benefit from this new market. Equally critical, some crops
used for liquid biofuel production will require large quanti-
ties of water, already a major constraint to agriculture in
many parts of the world [Chapter 3].

The globalized food system affects local food systems
that support the livelihoods of the poor [Chapter 2]. Low
prices for commodity imports—in contrast to prices for
processed food—can be favorable for poor consumers in
net food-importing developing countries (given appropri-
ate institutional arrangements), but imports at prices below
the cost of local production undercut national farmers and
rural development. Investment in AKST that builds resil-
ience of local food systems to environmental and economic
shocks can stabilize production and increase food security,
provided that appropriate policy measures give temporary
protection to local markets.

Improve health and human nutrition. Food safety hazards,
which are biological, chemical or physical contaminants or
agents that affect human health or nutrient bioavailability,
may occur anywhere along the food chain. Pathogen
produced toxins, such as mycotoxins, heavy metals and
other contaminants, veterinary drug and pesticide residues
can cause short- and longer-term adverse, even lethal, human
health consequences when present in food systems. These
hazards increase with the length of the food chain. Outbreaks
of diseases transferred from food, such as Salmonella and
Bovine Spongiform Encephalitis (mad cow disease), have
heightened the demand for food safety standards [Chapter
2]. Concerns about GMOs in food and feed as well as
consumer choice, have heightened demand for food safety
standards and prompted countries to develop and implement
regulations to address this issue [Chapter 2].*

Demand for products with high quality and safety stan-
dards is expected to continue to grow, creating a market
that will be accessible only to producers and processors with
sufficient AKST capacity and knowledge (e.g., postharvest
handling). In developing countries, better national quality
standards are likely to be a function of increased knowledge
and public awareness about the health effects of nutritional
choices and safer production practices and the expansion
of public health regulations, liability laws and laboratory
infrastructure [Chapters 3, 8].

Diet is one of the leading risk factors for chronic ill-
ness. Malnutrition remains a major cause of death, espe-
cially among children, but other illnesses, often correlated,
such as obesity, heart disease, stroke, diabetes, HIV Aids
and cancer have emerged. Cardiovascular disease is a lead-
ing cause of death in both industrialized and developing
countries [Chapters 1, 3]. Changes in food availability and
prices together with environmental, social and demographic
factors (e.g., urbanization) have resulted in a worldwide di-
etary transition. This transition has affected social groups
differently. Indeed, undernutrition and overconsumption
coexist in a wide range of countries. Unbalanced diets are
often related to low intake of fruits and vegetables and high
intake of fats, meat, sugar and salt. Many traditional foods,
however, are rich in micronutrients and expanding their role
in production systems and diet could have health benefits.

4 Australia and USA.
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Infectious diseases, including pandemic HIV/AIDS and
malaria, are among the leading causes of morbidity and
mortality worldwide and are severely affecting food secu-
rity in some developing countries. In addition to the major
challenges that are raised by these illnesses, other diseases
related to agricultural activity are expected to emerge or
expand. The incidence and geographic range of many of
these diseases are influenced by production systems (e.g.,
intensive crop and livestock), and economic (e.g., expan-
sion of international trade), social (e.g., changing diets and
living patterns), demographic (e.g., population growth and
migration), environmental (e.g., land use and global climate
change), and biological factors (e.g., microbial mutations).
Most of these factors will continue to be relevant and may
intensify during this century.

Serious socioeconomic consequences occur when dis-
eases spread widely within human or animal populations
(e.g., bluetongue disease), or when they spill over from ani-
mal reservoirs to human hosts (e.g., avian influenza); patho-
gens that infect more than one host species are of particular
concern. In large part due to a globalized food system, the
increase in disease emergence will affect both high- and low-
income countries [Chapter 3]. Toxic agrochemicals applied
in a wide range of agricultural systems result in exposure
adversely affecting the health of producers, laborers and
communities. Enforcement of rigorous regulations and im-
plementation of effective risk management strategies can
help reduce exposure but do not eliminate risk.
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Figure GSDM-5. Research Budgets of CGIAR, Monsanto and Syn-
genta

The health and environmental risks and effects of agro-
chemicals have been extensively documented in the scientific
and medical literature. On the other hand, the impacts of
transgenic plants, animals and microorganisms are currently
less understood. This situation calls for broad stakeholder
participation in decision making as well as more public do-
main research on potential risks [Chapters 2, 3].

Challenge: Decrease poverty and improve rural
livelihoods

AKST has the capacity to improve livelihoods, although ef-
fects have varied by region and social group. The ability to
access and benefit from AKST is uneven, with industrialized
countries gaining more than developing countries (especially
those in Africa). The value added per agricultural worker in
OECD countries in 2003 was US$23,081 with a growth be-
tween 1992 and 2003 of 4.4% per annum. For Africa, the
figures were US$327 and 1.4%, respectively. These dispari-
ties are partly the result of historical, social, economic politi-
cal trajectories and current policy. Developing countries are
projected to increasingly rely on imported food [Chapter
5], often because local production is not remunerative or
competitive because of lack of investment. The increase in
off-farm employment will not necessarily keep pace with the
loss of on-farm livelihoods, and although the proportion of
people working in agriculture will decline with urbaniza-
tion, the rural population is not expected to decline.

Many reasons exist for the expansion of agricultural
trade: increasing interregional relationships, increasing de-
mand for food, and commodity specialization facilitated by
trade liberalization. Globalization and liberalization will
affect countries and groups within countries in different
ways. It is projected that agricultural trade among devel-
oping countries is likely to increase and their agricultural
trade deficits with industrialized countries are likely to in-
crease while industrialized countries will continue to run ag-
ricultural trade surpluses [Chapter 4]. In developing country
urban markets with poor rural connectivity there could be
increasing reliance on imports, which provide cheaper food
but undermine rural employment and livelihoods and deter
investment in mitigating land degradation. These trade im-
balances also favor high-input, energy-intensive agriculture,
which currently does not internalize environmental or social
costs of production, an increasingly unsustainable approach.

Challenge: Increase environmental sustainability
Over the last century, the agricultural sector has typically
simplified production systems to maximize the harvest of a
single component, generally ignoring other supporting, pro-
visioning, and regulating ecological functions and services.
When these practices have been associated with policies that
provide resource price-distorting incentives, this has often
led to degradation of environmental and natural resources
(e.g., deforestation, introduction of invasive species, in-
creased pollution and greenhouse gas emissions).
Agriculture currently contributes 60 and 50% of global
anthropogenic emissions of CH, and N,O, respectively.
During the last 50 years, the natural resource base on which
agriculture depends has declined faster than at any other
time in history due to increased global demand and degra-
dation; 75% of the crop genetic base of agricultural crops



has been lost. Degradation of ecosystem functions (e.g., nu-
trient and water cycling), constrains production and may
limit the ability of agricultural systems to adapt to climatic
and other global changes in many regions. Sustainable ag-
ricultural practices are part of the solution to current en-
vironmental change. Examples include improved carbon
storage in soil and biomass, reduced emissions of CH, and
N,O from rice paddies and livestock systems, and decreased
use of inorganic fertilizers. Appropriate policies can pro-
mote mitigation of GHG emissions and increased carbon
sequestration.

According to The Comprehensive Assessment of Water
Management in Agriculture by 2050, agriculture in most
regions will still be the largest user of freshwater resources,
although its share is expected to decline relative to indus-
trial and domestic uses [Chapter 3]. Under current water

[T Little or no water scarcity
I Physical water scarcity

[] Approaching physical water scarcity
B Economic water scarcity
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use practices, increases in population and changes in diet
are projected to increase water consumption in food and
fiber production by 70-90%. If demands for biomass energy
increase, this may aggravate the problem. In addition, sec-
toral competition for water resources will intensify, further
exacerbating the stress on developing country producers.
Reliability of water supply for agriculture is projected to
decline in many regions due to climate change and increas-
ing climate variability although the potential for AKST to
improve water management is substantial in both rainfed
and irrigated agriculture.

Projected changes in the frequency and severity of ex-
treme weather events in addition to increases in fire hazards,
pests and diseases will have significant implications for agri-
cultural production and food security. The effect of climate
change on crop vyields, fisheries, forestry and livestock is

[] MNotestimated

Definitions and indicators

+ Little or no water scarcity. Abundant water resources relative to use, with less than 25% of water from rivers withdrawn for human

purposes.

+ Physical water scarcity (water resources development is approaching or has exceeded sustainable imits). More than 75% of river flows are
withdrawn for agriculture, industry, and domestic purposes (accounting for recycling of return flaws). This definition—relating water
availability to water demand—implies that dry areas are not necessarily water scarce,

+ Approaching physical water scarcity. More than 60% of river flows are withdrawn. These basins will experience physical water scarcity in

the near future.

+ Economic water scarcity (human, Institutional, and financlal capital limit access to water even though water In nature is avallable locally to
meet human demands). Water resources are abundant relative to water use, with less than 25% of water from rivers withdrawn for human

purposes, but mainutrition exists.

Source: International Water Management Institute analysis done for the Comprehensive Assessment of Water Management in Agriculture

using the Water sim model; chapter 2.

Figure GSDM-6. Areas of Physical and Economic Water Scarcity. Source: TWMI, 2007.
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Projected imp

Figure GSDM-7. Projected Impacts of Climate Change. Source: Stern Review, 2007.

expected to vary from region to region; in general, the trop-
ics and subtropics will experience negative effects, such as
atypical floods and droughts, while temperate regions will
have a longer growing season and hence more agricultural
production under modest climate change (about 2-3°C rise
in temperature) [Chapters 1, 5]. Some dry temperate areas
may become drier, resulting in reduced agricultural produc-
tion potential.

Challenge: Improve social sustainability, increase
equity

Progress toward sustainability and development goals is not
achievable without more determined involvement of wom-
en’s knowledge, skills and experience and a redirection of
AKST in order to provide opportunities for women. Women
farmers, processors and farm workers have benefited less
from AKST than men overall and poor women least of all.
Efforts to redress persistent biases in their access to produc-
tion resources, occupational education and training, infor-
mation and extension services have met with limited success.
The societal, policy-related and operational impediments to
more equitable progress, as well as the private and public
costs of such an uneven pattern of development, are well
understood as are the factors that discourage more forceful
action. Targeted support for women’s participation in their
management roles, for instance, in dairying, poultry, small
stock breeding, as well as in new enterprises such as high

value vegetable, fruit and flower production for export and
a range of agroindustries has required innovative institu-
tional arrangements and support to women’s organizations,
associations of women entrepreneurs and service providers’
networks.

Gender equity is an important part of social equity.
Women and men, who often have different roles and re-
sponsibilities in households and food production, often
have different relationships to the various benefits derived
from AKST and innovations. Gender-based patterns are
context specific, but a persistent feature is that women have
a key role in agricultural activities and yet, especially in de-
veloping countries, have limited access to and control over
productive resources such as land, labor, technology, credit
and capital including gender equitable land reform. Despite
advances in gender awareness, access to AKST products and
participation in AKST processes remain limited for women
and for other marginalized groups. Limited attention has
been paid to issues of vulnerability and social exclusion, or
to the interaction of AKST-related opportunities with social
protection policies [Chapter 3].

AKST alone cannot overcome gender and ethnic bi-
ases and inequities in agriculture, but insufficient attention
to these issues by AKST actors can lead to unintentional
increases in inequity. Significant investment in staffing and
training for women and ethnic minorities within science and
technology centers increases the probability of more equi-
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table outcomes for poor women. Unequal gender relations
may be exacerbated by projected environmental and eco-
nomic shocks. Investment in the resilience of local innova-
tion systems should increase the equity of AKST outcomes
[Chapter 2].

In general, regions with severe trade disadvantages, bio-
physical constraints and marginalized social groups have
benefited least from innovations in AKST. Furthermore, the
distribution of AKST benefits has accrued unequally to those
who already hold agricultural assets—land, water, energy
resources, markets, inputs and finance, training, informa-
tion and communications. Policies and institutional arrange-
ments that enable the less powerful to participate in AKST
problem formulation and decision making can increase the
equity of AKST outcomes, e.g., farmer and scientist research
circles, farmer field schools. Regimes of intellectual property
rights (IPR) that protect farmers and expand participatory
plant breeding and local control over genetic resources and
their related traditional knowledge can increase equity. Fi-
nancial support to farmers’ organizations can enable them
to approach a range of knowledge and information provid-
ers for context-specific solutions.

Challenge: Governance mechanisms for improved
institutional and organizational arrangements

AKST arrangements involve ethical choices and value judg-
ments. In some cases they have excluded or marginalized key

actors, such as small-scale farmers, with preference being
given to short-term over longer term considerations. Some
judgments have been privileged over others in AKST deci-
sion making. They have helped push formal AKST along
certain pathways to the neglect of other well-evidenced op-
tions, some originating in traditional knowledge or civil so-
ciety experience, that are more focused on the multiple roles
of agriculture. Strengthening public support for empower-
ing the organizations of farmers and other community-based
groups can increase poor people’s influence in collaborative
AKST arrangements and decision making. Community-
based approaches to natural resource management, such as
watershed management, community forestry management,
integrated pest and crop management and the strengthening
of local seed systems, are helping support and integrate so-
cial and environmental sustainability although they are not
a panacea [Chapters 2, 3; SR-NRM].

Many of the technologies potentially of use in sustain-
able farming are not adopted because small-scale producers
lack access to the means and supporting services necessary
to employ the technologies profitably. Those able to access
information, credit, inputs, services and markets are better
placed to take advantage of what formal AKST has to offer,
thereby widening disparities within farming communities.
Over time, a technology may diffuse to others, but since
the same farmers tend to benefit from each technology re-
lease, the ensuing pressure on farm gate prices eventually
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leads to marginalization of those unable to keep up and
to scale enlargement for those who remain. Comparative
advantage demonstrates the theoretical efficiency of such a
movement of labor to other sectors where it can be produc-
tively employed. Yet rural conditions may drive increasing
numbers into civil disorder or insurrection and others into
unregulated internal or trans-boundary migration, imposing
costs that prove unmanageable in the short term. Stagnant
national economies and urban areas may not offer a better
livelihood or a pathway out of poverty.

These dilemmas pose difficult choices. The challenge of
creating realistic farm-based opportunities for small-scale
producers requires investments and institutional arrange-
ments that create the conditions in which formal AKST re-
duces the risk of adoption and increases farm profitability. In
the past this has been considered largely a public sector task;
the challenge for the future lies in involving a wider range
of actors beyond the public sector, including farmers’ orga-
nizations and commercial enterprises [Chapter 3]. Strong
government capacity to understand and where necessary
regulate the private sector is needed; for instance through
monitoring systems and enforcement of rules, which will
help avoid conflicts of interest in AKST decision making.
Universities and research institutes receiving substantial pri-
vate funding may need to set in place oversight mechanisms
and codes of conduct that preserve their independence.

The numerous institutional arrangements that connect
AKST to practical applications are one of the most widely
studied fields in the applied social sciences. Empirically
based analysis robustly demonstrates that the transfer of
technology approach to date has been the most widely used
institutional model for science-driven technology supply in
the public sector. This model has successfully driven produc-
tivity gains and scale enlargement when applied to properly
managed technologies relevant to the target farmers and un-
der the necessary conditions, such as access to markets and
properly functioning services. The Chain-linked approach is
the model most widely used in demand-led commercial de-
velopment and is likely to become more dominant as mod-
ern markets penetrate deeper into rural areas. It is driven by
regular feedback from market research on consumer profiles
and preferences throughout the process of technology de-
sign and prototype testing.

In general neither model has been sufficiently effective in
promoting combined sustainability and development goals.
Approaches that foster development of innovation systems
along value chains and wide stakeholder participation direct
AKST to realizable opportunities. Sustainable management
of agroecosystems by farmers requires approaches that de-
velop by a shared understanding of principles and coordina-
tion of practices across multiple scales [Chapter 2].

Options for Action

Many of the challenges facing agriculture over the next 50
years will require more integrated application of existing
science and technology development (formal, traditional
and community-based) as well as new approaches for ag-
ricultural and natural resource management. Other chal-
lenges will only be resolved by development and application

of new AKST [Chapter 6].

The question of which strategies will be best suited to
advance development and sustainability goals is controver-
sial and reflects different social and political assumptions,
interests and values. In many areas of science and technology
discourse, the tendency is for a single interpretation, which
attributes cause and effect to some events or situations and
not to others. This selectivity has important implications
for projecting science in specific directions. Acknowledging
competing well-supported narratives of science and tech-
nology approaches is crucial for designing effective policies.
In many cases, AKST strategies that recognize the multiple
functions required of sustainable agricultural systems (e.g.,
production, livelihoods, ecosystem services) already exist and
some AKST recognizes the biophysical, socioeconomic and
cultural diversity among agricultural systems that necessitate
domain-specific solutions. For example, community-based
innovation and local knowledge combined with formal
AKST approaches, such as agroecology and agroforestry,
can address issues relevant to rural poor people [Chapter 3].

By integrating expertise from other sectors there is more
potential to develop solutions that increase productivity,
protect natural resources and livelihoods and minimize ag-
riculture’s negative impact on the environment. Knowledge
and technology from sectors such as communication, energy
and health, as well as culture and arts can enhance the ca-
pacity of agriculture to contribute to reaching development
and sustainability goals. Farmers need a choice of options
to respond to challenges, given their diverse needs and re-
sources, and to address the increasing complexity of stresses
under which they operate [Chapters 2, 3].

Creating such opportunities requires more targeted
changes, such as providing poor farmers in developing coun-
tries with infrastructural and institutional support (e.g., ac-
cess to land and water, transport facilities, AKST, market
information, entry into higher value markets, protection
from unfair competition) food stockholding policies, and
agreements between consumers in industrialized economies
and producers in developing countries, as well as support
to farmers organizations and for farmer to farmer arrange-
ments within and between countries [Chapters 2, 3, 7].

The need is urgent to develop and retain knowledge in
the agricultural sector. Local authorities, national govern-
ments and international organizations can facilitate and de-
velop capacity by investing in education and by promoting
new skills and technologies among all farming communities.
Policy options include (1) reforming curricula at all levels to
improve the attractiveness and societal relevance of agricul-
tural studies; (2) increasing access to technology education
and science—informed farm and agroecosystem manage-
ment knowledge to all those working in the agricultural
sector; (3) improving collaboration between ministries (ag-
riculture, water, environment, education) and universities;
(4) developing infrastructure to facilitate the use of infor-
mation and communications technology (ICT) in informal
and formal education systems; (5) mobilizing funds from a
variety of sources to support agricultural education reform;
and (6) encouraging university participation in recovering
and recognizing traditional and local knowledge and includ-
ing the participation of traditional knowledge actors in cur-
ricula design [Chapters 2, 3, 7].



Decrease hunger and improve health and human
nutrition

Decrease hunger and increase food security. Many of the
challenges facing agriculture over the next 50 years will be
able to be resolved by more targeted application of existing
AKST, institutional reform, approaches for modern and
traditional agricultural and natural resource management,
and breakthroughs in science and technology. Examples
involving better resource management include improved
soil and water management to increase water retention and
decrease erosion; strengthened organizational capacities
to address emerging water scarcity by increasing water
productivity and providing increased value per unit of water
used; wider deployment of soil conservation measures; use
of microbiological techniques to suppress diseases in soils;
and the use of phosphorus-solubilizing bacteria. Other
examples of using existing AKST include integrated pest
management (IPM) supported by farmer experimentation
and learning; molecular techniques; and modeling of pest
and alien species dynamics to reduce reliance on chemicals
to maintain human and ecosystem health while addressing
emerging pest threats posed by climate change. Integrated
crop, tree, livestock and fish systems can be intensified and
managed as multifunctional agricultural systems with less
negative consequences to ecosystems [Chapter 6].

Future options include new cultivation techniques and
improved varieties of crops, livestock, fish and trees de-
veloped through accelerated processes, such as traditional
and participatory breeding combined with marker assisted
selection, genomics and transgenic approaches. These op-
tions could facilitate adaptation to a wider range of habitats
and biotic and abiotic conditions, increase yields, enhance
nutritional quality of food, produce nontraditional prod-
ucts and complement new production systems, provided
environmental and social risks are properly addressed. In-
tegrated advances in nanotechnology, remote sensing, geo-
graphic information systems, global positioning systems
and information communication technology could provide
opportunities for more resource-efficient and site-specific
agriculture.’ [Chapter 6].

AKST can be harnessed to mitigate greenhouse gas
(GHG) emissions from agriculture and to increase carbon
sinks and enhance adaptation of agricultural systems to cli-
mate change impacts. New technologies could reduce the
reliance of agriculture and the food chain on fossil fuels for
agrochemicals, machinery, transport and distribution. Ex-
isting AKST could also help reduce fossil fuel dependency
given changes in institutional arrangements and incentives.
Emerging research on energy efficiency and alternative en-
ergy sources for agriculture will have multiple benefits for
sustainability. There is considerable potential for expanding
the use of digesters (e.g., from livestock manure), gasifiers
and direct combustion devices to generate electricity. More
research and development is needed to reduce costs and im-
prove operational reliability [Chapter 6].

Some existing approaches to food production have the
potential to address inequities created by industrial agricul-
tural practices and to internalize many of the environmental
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and social costs that modern practices have externalized. Such
approaches can become effective if alliances exist among pro-
ducers and consumers. One technique for land rehabilitation
is agroforestry, which has developed community-based tech-
niques in land rehabilitation that offer opportunities to (1) in-
crease yields of staple food crops; and (2) create productive
mixed cropping systems for small-scale producers in which
perennial cash crops and indigenous food species replace the
need for unproductive forest fallows in shifting cultivation and
support food sovereignty [Chapters 2, 3, 7].

Internet access and the spread of mobile phones al-
ready facilitate the exchange of scientific, technological and
market information among farmers, scientists, commer-
cial enterprises, advisory and extension workers and other
stakeholders. However, private and public organizations
will need to provide more access to information, such as
climate forecasts, market prices and pest dynamics, for a
diversity of user groups. The ready availability of affordable
ICT will provide new opportunities for improving natural
resource management, food security and livelihood strate-
gies of rural communities [Chapters 3, 5, 6].

The potential for precision agriculture, ICTs, ecologi-
cal production, nanotechnology and other emerging tech-
nologies to help advance development requires institutional
development to create the conditions in which such tech-
nologies can generate opportunities for resource-poor pro-
ducers in diverse local conditions. Technological, policy and
institutional development go hand in hand and reinforce
each other. Global food security and national food sover-
eignty call for ending the marginalization of producers in
developing countries [Chapter 3].

Improve buman bealth and nutrition. Promotion of health
and good nutrition levels cannot be divorced from political
and social conditions that are grounded in environmentally
sustainable approaches, and that include an educated
and informed public, a regulatory and implementation
framework, and government accountability that ensures
food stock management, control over food production,
marketing, pricing and distribution, disaster preparedness
and other aspects embedded in food sovereignty.

Developing and implementing good agricultural prac-
tices (GAPs), including integration of ecological processes
across production systems, will help ensure animal and
plant health as well as promote food safety. In countries
with limited facilities for implementation and monitoring
of occupational health and food safety standards, the best
option to limit risks from exposure to agrochemicals is to
eliminate the use of category 1a/1b chemicals (WHO Highly
Hazardous Chemicals) and promote alternative pest man-
agement including IPM, agroecological approaches, biocon-
trols, organic farming, and farmer field schools.

Where they can be effectively monitored and enforced,
GAPs can help manage risks associated with pathogen con-
tamination of such foods as fruits and vegetables. Imple-
menting GAPs may help developing countries cope with
globalization without compromising sustainable develop-
ment objectives. Analysis of hazards can target issues of
biosecurity, disease monitoring and reporting, input safety
(including agricultural and veterinary chemicals), control
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of potential foodborne pathogens and traceability. Public
education on improved food handling and nutrition and
improved sanitation systems throughout the food produc-
tion chain are integral to managing the risks associated with
pathogens. With new research on the effects of agricultural
practices on environmental and human health, and the
development of environmentally safe alternative practices,
safety standards will need to evolve that are capable of re-
sponding to the effects of climate change, new technologies
and human mobility [Chapters 3, 6]. One of the problems
with GAPs, standards, sanitation systems, hazard analysis,
etc., (particularly in the poorest countries) is that they re-
quire often unaffordable resources, and assume standards
of implementation that are as yet beyond reach.

Integrating policies and programs across the food chain
can help reduce the spread of infectious diseases. Focusing
on interventions at a single point along the food chain may
not provide the most efficient and effective control. Control
of zoonotic diseases requires rapid identification and com-
munication of disease outbreaks; financial compensation;
and training and strengthening of coordination between vet-
erinary and public health infrastructure. Identifying emerg-
ing infectious diseases and responding effectively to them
requires enhancing epidemiologic and laboratory capacity
and providing training opportunities. Grounding agricul-
tural systems and advances in AKST in ecological and epide-
miological principles would help avoid emerging outbreaks
of pests and diseases.

Strategies for improving nutritional health include nu-
trition education at all levels, regulation of product formula-
tion through legislation (e.g., banning the use of transfats in
processed foods in Sweden, reducing quantities of salt in the
UK); increasing the marketing incentives for fresh produce
such as fruits and vegetables; and adopting fiscal policies
(taxation, trade regimes) that take into account population
health effects. New efforts to use indigenous species and
produce locally important foods may help to improve mi-
cronutrient intake [Chapters 3, 6, 7].

Many constraints (e.g., political, market, trade, eco-
nomic, institutional) prevent the full deployment of current
technologies to improve food safety and public health. Ef-
fective national regulatory standards and liability laws that
are consistent with international best practice and the in-
frastructure to ensure compliance will be necessary to meet
development and sustainability goals. Infrastructure needs
include sanitary and phytosanitary surveillance programs
for animal and human health, laboratory analysis and re-
search capabilities (e.g., skilled staff for research) and train-
ing and auditing programs [Chapter 2]. However, given
the limited resources and lack of effective control of public
agencies in many countries, the most effective options are to
remove hazards to the extent possible, and promote coher-
ent policies that support safer pest and disease management.
National and regional trust funds and expanding current aid
for trade commitments are innovative ways to finance this
capacity development [Chapter 7].

Decrease poverty and improve rural livelihoods

Developing countries are vulnerable to rapid fluctuations in
world food prices and their agricultural and food systems
are unlikely to be resilient to environmental, political and

economic shocks. Policy options to enable these countries to
respond to crises and achieve food security and sovereignty
include greater democratic control (local, national, regional)
and public sector involvement in agricultural policy, specifi-
cally through empowering farmer organizations, national
governments and regional trading blocs. Other policy op-
tions include improving (1) security of tenure and access
to land, germplasm and other resources; (2) diversification
with locally important crop species; (3) access to resources
(e.g., credit, nutrients); (4) supporting rural livelihoods by
transparent price formation and functioning markets with
the objectives of improving small farm profitability and
helping ensure that farm-gate prices are above marginal
costs of local production; and (5) strengthen social safety
nets. These options imply a fundamental transformation of
AKST and economy wide approach to agricultural policy
[Chapters 3, 7].6

Increased agricultural trade can offer opportunities for
the poor. At the same time, growing evidence indicates ag-
ricultural trade liberalization to date has not significantly
benefited small scale farmers or rural communities in many
countries. Approaches to give small-scale farmers greater
opportunity to invest, innovate and to make AKST effective
as a tool for improving rural livelihoods include a suite of
policy options to stabilize and increase farm-gate prices.”
These options include developing rational subsidy strate-
gies wherever possible and renewed efforts to reduce trade
distorting subsidies in developed countries to establish fair
competition in the global market; streamline and improve
provision of legitimate anti-dumping measures and provide
temporary protection; and improve international market ac-
cess for developing countries, and establish new contractual
arrangements®’ [Chapters 3, 7].

Increase equity

Opening national agricultural markets to international
competition can offer economic benefits, but can lead to
long-term negative effects on poverty alleviation, food se-
curity and the environment without basic national institu-
tions and infrastructure being in place. Some developing
countries with large export sectors have achieved aggregate
gains in GDP, although their small-scale farm sectors have
not necessarily benefited and in many cases have lost out.
The small scale farm sector in the poorest developing coun-
tries is a net loser under most trade liberalization scenarios
that address this question. These distributional impacts call
for differentiation in policy frameworks as embraced by
the Doha work plan (special and differential treatment and
non-reciprocal access). Developing countries could benefit
from reduced barriers and elimination of escalating tariffs
for processed commodities in developed and developing
countries; and they could also benefit from reduced barriers
among themselves; deeper generalized preferential access to
developed country markets for commodities important for
rural livelihoods; increased public investment in local value
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addition; improved access for small-scale farmers to credit;
and strengthened regional markets.'® !!

Intensive export-oriented agriculture has increased un-
der open market operations that has been accompanied by
both benefits and adverse consequences depending on cir-
cumstances such as exportation of soil nutrients and water,
unsustainable soil or water management, or exploitative
labor conditions in some cases. AKST innovations that ad-
dress sustainability and development goals would be more
effective with fundamental changes in price signals, for ex-
ample, internalization of environmental externalities and
payment or reward for environmental services.'' In addi-
tion, the quality and transparency of governance, including
increased participation of stakeholders in AKST decision
making is fundamental to improved sustainability and de-
velopment outcomes [Chapter 7].

Brokered long-term contractual arrangements (market
alliances, commodity chains, public and private outgrower
schemes, etc.) have proved effective in improving the liveli-
hoods of small-scale farmers. These approaches can promote
value-chain activities and generate employment, provided
there is transparency and equitable power relations among
actors. They can allow small-scale producers to respond to
opportunities through institutional arrangements that pro-
vide market access and credit for inputs and planting ma-
terials. In a number of cases these schemes have fostered
misuse and corruption, compromising their effectiveness.
The contribution of these arrangements needs further test-
ing to determine if they generate sufficient opportunity in re-
source-poor agricultural systems [Chapter 7]. Other proven
policy approaches include expanding access to microfinance,
financing value chains and local markets, streamlining food
chains, supporting fair trade and organic agriculture as di-
versification and value addition strategies, and encourag-
ing large-scale sustainable trading initiatives by the private
sector. The trade policy environment, including reducing
or eliminating escalating tariffs on agricultural products in
developed and developing importing countries, along with
the strengthened national institutions and infrastructure,
including improved local and regional market linkages, are
key determinants of whether these policy approaches will
produce pro-poor results on the ground [Chapter 7].

In the absence of strong local and national institutions
that are supportive of development and sustainability goals,
the transfer of productivity-enhancing technologies does not
significantly benefit resource-poor, risk-exposed producers.
The global linear transfer of research and technology results
in imbalanced competition between farming systems that
have been supported by public economic investments for
decades and systems that have never received comparable
public investments. Policy options to promote innovation
systems for pro-poor development (as opposed to technol-
ogy transfer per se) and to strengthen poor people’s partici-
pation in AKST governance are essential if development and
sustainability goals are to be reached [Chapter 7].

Technologies such as high-yielding crop varieties, agro-
chemicals and mechanization have primarily benefited the
better resourced groups in society and transnational corpo-
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rations, rather than the most vulnerable ones. To ensure that
technology supports development and sustainability goals,
strong policy and institutional arrangements are needed to
balance private, communal and national rights systems re-
garding knowledge and resources. Policy options to redress
the weaknesses and inequities'? in the current rights systems
on intellectual property and genetic resources may include
(1) a closer connection between protection levels and devel-
opment goals; (2) explicit policies regarding the manage-
ment of intellectual property in public organizations; (3) the
preservation, maintenance, promotion and legal protection
of traditional knowledge and community-based innovation;
and (4) options for benefit-sharing of genetic resources and
derived products.”® Natural resource management policies
are needed to explicitly address how access and ownership is
shared among the communities from which these resources
originate [Chapters 3, 7].

Society benefits when women are engaged in decision
making, and when they have access to AKST and resources
such as land, water and agricultural inputs and seeds. Health
services, childcare and education support women’s partici-
pation in agriculture. Preferential targeting of AKST and ad-
ditional public support are needed to prepare resource poor
women to become effective market participants [Chapter 5].

Environmental Sustainability and Natural Resource
Management
Advances in AKST can help create synergy among agricul-
tural growth, social equity and environmental sustainability
[Chapters 3, 5]. Integrated approaches to AKST can help
agriculture adapt to water scarcity, provide global food se-
curity, maintain ecosystems and provide sustainable liveli-
hoods for the rural poor. Integration of food production
with other ecosystem services in multifunctional systems can
advance multiple goals (e.g., integrated rice and aquacul-
ture systems, integrated crop and livestock systems). AKST
can help increase water productivity by reducing field losses
of water (e.g., precision and micro-irrigation) and through
breeding and soil and crop management. The greatest po-
tential increases in water productivity are in rain fed areas
in developing countries; contour farming, ridging, no-till,
increased soil organic matter and water harvesting can in-
crease soil water retention and reduce runoff in these ar-
eas [Chapter 3]. Improved design and management of large
dams and irrigation systems can maintain aquatic and ripar-
ian ecosystems, avoid siltation and salinization, and create
greater equity between upstream and downstream users.
Improvements in water quality can be achieved through
policies which combine enforceable regulations to reduce
and prevent contamination of ground and surface water by
agricultural inputs with investment in AKST [Chapter 6].
The ecological footprint of industrial agriculture is
already too large to be ignored and projected increases in
future global environmental changes could make the foot-
print even larger. Policies that promote more rapid uptake
of proven AKST-based mitigation and adaptation solu-
tions can contribute to checking or reversing this trend
while maintaining sufficient food production. Policies that

12 Canada and Uganda.
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promote sustainable agricultural practices (e.g., using mar-
ket and other types of incentives to reward environmental
services) stimulate more technology innovation, such as
agroecological approaches and organic farming to allevi-
ate poverty and improve food security. Growing pressure
on natural resources requires new investment policies for
AKST. Innovative and better targeted AKST investment pol-
icies are essential to build natural, human, financial, social
and physical capital for social and environmental sustain-
ability [Chapter 8].

Sustainable fisheries require practical and efficient applica-
tion of an ecosystem approach, which might include improved
monitoring, control and enforcement, and be underpinned by
a certification system. Marine protected areas could be ex-
panded and prices of fishing concessions increased. A range
of AKST policy responses is needed to ensure appropriate
choices on how best to utilize and share resources, and re-
duce negative environmental and social effects of aquacul-
ture. Appropriate policies would include ending subsidies
for unsustainable technologies [Chapter 3].

Payment or reward for performance-based ecological
services (PES) recognizes the importance of the multiple
functions of agriculture and creates mechanisms to value
and pay for the benefits of resource-conserving ecosystem
services provided by sustainable agricultural practices, such
as low-input and low-emission production, conservation
tillage, watershed management, agroforestry practices, car-
bon sequestration, biological control and pollination, and
conservation of agricultural biodiversity. Other policy ap-
proaches that are already in use in various countries, which
would reduce the negative footprint of agriculture include
taxes on carbon, agrochemical use and water pollution.
Such taxes provide incentives to reach internationally or na-
tionally agreed use-reduction targets and support resource-
conserving and low-emission technologies. They provide
incentives for multifunctionality in using agricultural land,
broadening revenue options for land managers and allowing
carbon-impact food labeling. Another option includes pro-
hibiting particularly damaging practices in highly vulnerable
areas (e.g., deforestation in tropical forest margins, use of
toxic chemicals in watershed headways and near streams).
To meet development goals, incentive and regulatory systems
can be designed to ensure stable revenues for small-scale farm-
ers and local communities, such as product certification for
geographical origin and organic agriculture. The long-term
sustainability and equity of the benefits generated by these
systems is an area for further research [Chapters 3, 7].

AKST can play a proactive role in responding to the
challenge of climate change and in mitigating and adapting
to climate-related production risks. Climate change both in-
fluences and is influenced by agricultural systems. The direct
negative effects of climate variability and projected climate
change will predominately be felt in the tropics and sub-
tropics. AKST can be harnessed to mitigate greenhouse gas
(GHG) emissions from agriculture, to increase carbon sinks
and biodiversity (e.g., tree planting and conservation till-
age), and to enhance adaptation of agricultural systems to
biotic and abiotic results of climate change. However, some
of these policies could increase competition for resources,
e.g., agriculture for food vs. bioenergy and forestry for car-
bon sequestration. Some models that simulate very low sta-

bilization levels (450 ppmv CO,-equivalents) indicate a need
for measures, such as carbon sequestration and bioenergy
plantations, that would compete with land for food. Ad-
vances in AKST and a focus on local knowledge could re-
duce the reliance of agriculture and the food chain on fossil
fuels for agrochemicals, machinery, transport and distribu-
tion. Emerging research on energy efficiency and alternative
energy sources for agriculture will have multiple benefits for
sustainability [Chapters 3, 5, 6].

A negotiated global long-term (30-50 years), compre-
hensive and equitable regulatory framework with differ-
entiated responsibilities and intermediate targets to reduce
GHG emission could limit the magnitude of human-induced
climate change, which is projected to undermine agricultural
productivity throughout the tropics and sub-tropics. An
expanded Clean Development Mechanism could be used,
with a comprehensive set of eligible agricultural mitigation
activities and within a national sectoral approach, including
a wide range of practices (e.g., tree planting, no-till, live-
stock and rice paddy management). The advantage of these
approaches is that they are applicable to the conditions of
small scale agriculture in developing countries, but require
transparent and accountable processes and frameworks to
function effectively. Other approaches could include re-
duced agricultural subsidies to cropping systems that pro-
mote GHG emissions [Chapter 7].

To address expected climate change challenges and im-
pacts, a major role for AKST is needed to increase adap-
tive capacity and enhance resilience through purposeful
biodiversity management. Options include irrigation man-
agement, water harvesting and conservation technologies,
diversification of agriculture systems, the protection of
agrobiodiversity and screening germplasm for tolerance to
climate change. These measures would need to be supported
by appropriate policy options, integrated spatial planning,
and early warning and communication infrastructure that
support the generation and dissemination of adaptation
knowledge, technologies and practices.

Research is needed to better understand the poten-
tial benefits and harms of producing bioenergy, which are
strongly dependent on local circumstances. Some countries
are currently promoting or developing domestic biofuel
policies with the aim of furthering rural job creation and
economic development as well as mitigating climate change.
But negative effects on poverty (e.g., rising food prices, mar-
ginalization of small-scale farmers) and the environment
(e.g., water depletion, deforestation) may outweigh these
benefits and need to be carefully assessed.

Given that first-generation biofuels are often not eco-
nomically competitive with petroleum fuels, most biofuel
policies rely on a complex set of subsidies and regulations to
promote production. Small-scale biofuels could offer liveli-
hood opportunities, especially in remote regions and coun-
tries where high transport costs impede agricultural trade
and energy imports. The next generation of liquid biofu-
els (cellulosic ethanol and biomass-to-liquids technologies)
could possibly mitigate some of the concerns about first-
generation biofuels. It is not clear when these technologies
might become commercially available. Considerable capital
costs, large economies of scale, a high degree of techno-
logical sophistication and intellectual property rights issues
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make it unlikely that these technologies will be adopted
widely in small developing countries in the next decades.
Research and investments are needed to explore risks and
potentials of these technologies [Chapter 6].

There is also considerable potential for expanding the
use of digesters (e.g., livestock manure), gasifiers and direct
combustion devices to generate electricity, especially in off-
grid areas and in cogeneration mode on the sites of biomass
waste-generating industries (e.g., rice, sugar, paper mills).
Research and investments are needed to explore their costs and
benefits, particularly in developing countries [Chapter 6].

Improved Governance: Institutional and
Organizational Arrangements

Most participants in intergovernmental processes recognize
the importance of political commitment and ensuring full
and meaningful participation of stakeholders across scales
in forming and implementing policy regarding agriculture.
In some countries diverse groups including civil society and
the private sector collaborate in the development of policy;
they are informed by scientific and empirical evidence and
represent public interests. In these cases policies have focused
on the multifunctionality of agriculture and have aimed to
meet a broad range of goals, which include crop productiv-
ity, sustainable economic development, environmental sus-
tainability, health and social well-being [Chapters 2, 3].

The wider application of AKST institutional models ca-
pable of addressing the combined development and sustain-
ability goals requires resources to support the transaction
costs of interaction among the partners as an integral part
of the innovation process. In some cases, as in multi-organi-
zational arrangements involving supermarkets or commer-
cial actors in market-oriented value chains, these costs can
be recovered from the commercial returns. In other cases,
public subsidies (e.g., arrangements between farmers’ or-
ganizations, advisory service providers, and global science
networks), or private funding (e.g., arrangements between
farmers’ organizations, technology providers and interme-
diary organizations such as development foundations or
NGOs) may be required, drawing on the lessons of past
successes and failures.

Institutional arrangements with proven potential for
advancing sustainability and development goals include
farmers’ participation in plant breeding as well as adaptive
research; the provision of R&D funds to research users for
contracting services from AKST suppliers; and staffing catch-
ment management agencies to facilitate multi-organizational
collaboration in the AKST needed to support agroecosys-
tem management. Other modalities with proven potential
to progress toward sustainability and development goals
include multi-organizational arrangements to support the
AKST needed by Farmer Field Schools and farmer-scientist
research circles; AKST networks between NGOs, farmers’
organizations and research institutes; collaboration among
public sector AKST providers, within and between develop-
ing countries; and various farmer-to-farmer arrangements
[Chapters 2, 3].

A growing number of actors is participating in creating
and improving the conditions in which AKST can have a high
payoff for small-scale producers. These conditions include
roads, market facilities, irrigation schemes and services rel-

evant to small scale producers’ and laborers’ needs. In some
circumstances public actors particularly at local government
levels can play an enabling role to facilitate the participation
of, for instance, NGOs, farmers’ organizations, professional
associations, private sector and scientific organizations and
unions in providing infrastructure and services; in others
public actors necessarily will remain the main provider.

Publicly funded research and education institutes in
some countries, especially in sub-Saharan Africa, have
weakened considerably. Innovative forms of collaboration
are emerging such as regional networks, public-private con-
sortia, more effective division of labor and capacity between
research institutes and universities, and recognition of the
research roles that NGOs and farmers themselves play.
Persistent problems include competence in some scientific
fields, movement of capacity to industrialized countries and
the private sector, and weak incentives for science in both
public and private sectors to address pro-poor issues. Global
and transboundary issues call for new arrangements for co-
operation and capacity development that will need adequate
resourcing.

Investments

More and better targeted public and private investments in
AKST can make major contributions to meeting develop-
ment and sustainability goals. Included are investments in
developing technology and management systems that more
efficiently use scarce resources such as land, forests, water,
and, in the future, fossil fuels; in helping protect ecosystem
services by reducing GHG emissions, reducing water pollu-
tion, and slowing or reversing the loss of biodiversity; and in
controlling plant and animal pests and diseases. Additional
investments are also needed in areas for which evidence sug-
gests that knowledge gaps exist [Chapter 8].

Governments will continue to play an important role in
providing public goods, assuring equitable access to AKST
and creating an enabling policy and institutional environ-
ment. The political economy and good governance are im-
portant determinants in mobilizing resources for AKST;
they also play a major role in allocating resources between
different AKST components. Increased demand for respon-
siveness to the needs of the vulnerable, coupled with ac-
countability and transparency are needed to drive changes
in AKST investment decisions [Chapter 7].

More government funding and better targeted gov-
ernment investments in AKST in developing countries can
contribute in a major way to meeting development and sus-
tainability goals. This increase would involve more invest-
ment by the public sector in order to deliver a wide range of
global public goods. This increased funding is justified given
(1) the potential for high economic ROR in technologies
that are applied by farmers in the field; and (2) evidence that
AKST investments can help reduce poverty. Public invest-
ments must be targeted using evidence other than simply
overall ROR to include social, environmental, health and
cultural aspects, positive and negative, and the distribution
of costs and benefits among different groups. Higher invest-
ment in human resource development would facilitate ac-
quiring knowledge and skills in frontier sciences. Funding
is also needed for processes that ensure that resource-poor
farmers, natural resource managers and other intended ben-
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Table GSDM-2. Examples of enabling conditions for S&T to advance development goals.

Capacity development

e Internet-mediated distance learning & education

e Public-private R&D partnerships in e.g., water
management

o Competitive grant funding to cover costs of field
study in tertiary & post-doctoral training

e Occupational education for farmers (including where
appropriate farmer field schools)

» Research networks & multi-organizational consortia
(national, regional, international)

» Decentralized R&D facilities in collaboration
with village development centers, NGOs, farmer
organizations

Generation of
knowledge &
technology

e Farmer participation in adaptive research

e Farmer participation in plant breeding, combining
advanced and local knowledge, techniques & skills

 Participation of actors along entire value chains in
market research

e Evolution of varietal release procedures & criteria to
accept & certify farmer-generated seed

o Multi-organizational collaboration with local
communities in the commercial development of wild
and semi-domestic forest species

Access to, use

e Support to farmer-to-farmer networking and

e Community and rural school-based service centers

& exchange of extension
information &
technology

and radio programs
laboratories

mobile telephony

* Research, extension, farmer collaboration in
development & spread of short videos (CDs, etc)

e Mobile Plant Health Clinics, linked to service

o Trade & market information services based on

with internet access

Science & technology
planning

e Inclusion of research & technology users in
problem identification and planning decisions

¢ Application of processes and methods for public
deliberation concerning new or contentious S&T

o Further development of regional and international
forums to drive S&T planning addressing global
issues

Science & technology
policy
of framework legislation

» Participation of civil society, private sector and
governments in policy processes and the evolution

o Evolution of seed law to accept sale of certified
farmer-produced seed and recognize local seed
systems

e Strong government regulation of private sector where
necessary to prevent conflicts of interest

¢ Implementation of Convention on the Elimination of
All Forms of Discrimination (CEDAW) in signatory
countries

eficiaries of the research participate in research decision-
making [Chapter 8].

Private firms both large and small have been and will
in the future continue to be major suppliers of inputs and
innovations to commercial and subsistence farmers and can
therefore make major contributions toward meeting devel-
opment and sustainability goals. They will rarely provide
public goods or supply goods and services for which there
is no market but evidence shows that there are considerable
spillovers from private suppliers of technology to farmers
and consumers. To make the best use of private investments
in AKST, government regulations are needed to address neg-
ative externalities and monopolistic behavior and to sup-
port good environmental practices, while at the same time
providing firms with incentives to invest in pro-poor AKST
[Chapter 8].

The ability to allocate human and financial resources
effectively will depend on a significant improvement in the
capacity of those in both public and private sectors to fore-
cast and respond to environmental, social and economic
changes, locally and globally. This will include the capac-
ity to make strategic technological choices, create effective
public policy and regulatory frameworks, and pursue edu-
cational and research initiatives and extension. The involve-
ment of farmers, the lay public, school children and others
in monitoring and risk assessment, improving GIS capability
and creating databases and other management information
systems can upgrade AKST forecasting capacities, allocate
resources appropriately, and provide the data required for
making strategic technological choices.
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Reservations by Governments

Reservations on SDM

Australia: Australia recognizes the IAASTD initiative and
reports as a timely and important multistakeholder and mul-
tidisciplinary exercise designed to assess and enhance the
role of AKST in meeting the global development challenges.
The wide range of observations and views presented how-
ever, are such that Australia cannot agree with all assertions
and options in the report. The report is therefore noted as
a useful contribution which will be used for considering the
future priorities and scope of AKST in securing economic
growth and the alleviation of hunger and poverty.

Canada: The Canadian Government recognizes the signifi-
cant work undertaken by TAASTD authors, Secretariat and
stakeholders and notes the Global Summary for Decision
Makers as a valuable and important contribution to policy
debate which needs to continue in national and international
processes. While acknowledging considerable improvement
has been achieved through a process of compromise, there
remain a number of assertions and observations that require
more substantial, balanced and objective analysis. However,
the Canadian Government advocates the Global SDM be
drawn to the attention of governments for consideration in
addressing the importance of AKST and its large potential
to contribute to economic growth and the reduction of hun-
ger and poverty.

United States of America: The United States joins con-
sensus with other governments in the critical importance of
AKST to meet the goals of the IAASTD. We commend the
tireless efforts of the authors, editors, Co-Chairs and the
Secretariat. We welcome the TAASTD for bringing together
the widest array of stakeholders for the first time in an ini-
tiative of this magnitude. We respect the wide diversity of
views and healthy debate that took place.

As we have specific and substantive concerns in each of
the reports, the United States is unable to provide unquali-
fied endorsement of the reports, and we have noted them.

The United States believes the Assessment has potential
for stimulating further deliberation and research. Further, we
acknowledge the reports are a useful contribution for consid-
eration by governments of the role of AKST in raising sustain-
able economic growth and alleviating hunger and poverty.

Reservations on Individual Passages

1. USA and Botswana prefer to use the word “incorpo-
rate” rather than “towards”.

2. USA does not believe that there is sufficient balance in
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10.

11.

12.

13.

14.

reflecting the use/range of new technologies, including
modern biotechnology in Key Findings 10 and 11.
Benin, Botswana, DRC, Ethiopia, Gambia, Kenya, Tan-
zania, Togo, Uganda: the paragraph does not adequately
address the need to invest in financial, human, political
and physical capital and time in the development and
application of new and emerging AKST in developing
countries in order to develop capacity to cope with ex-
isting and emerging challenges.

Australia and USA noted that they would have included
the words “the safety in” before the word “GMOs”.
Kyrgystan objects to the mention of transgenics in this
paragraph.

Australia and USA reserve on this sentence.

Cameroon does not support strategies leading to in-
creased farm gate prices because these will be reflected
in local markets and then weaken the purchasing power
of the population. Rather, AKST policy options should
act to reduce the costs of production at the farm level in
order to lower farm gate prices, while ensuring profit-
able returns to the farmers.

Australia suggests that a number of trade and domestic
policy assertions and observations require more sub-
stantial, balanced and objective analysis to be meaning-
ful for decision makers.

Australia, Brazil, Canada, Costa Rica, Cuba, Dominican
Republic, El Salvador, Honduras, Panama, Paraguay,
USA and Uruguay state that the above paragraphs must
be without implication for any governments’ position in
relevant international negotiating fora.

Australia suggests that a number of trade and domestic
policy assertions and observations require more sub-
stantial, balanced and objective analysis to be meaning-
ful for decision makers.

Brazil, Costa Rica, Cuba, Ethiopia and Uganda requested
that Figure 7.2: Projected gains (losses) for developed and
developing countries under Doha scenarios for agricul-
ture; and Figure 7.3: Poorest countries lose income under
all Doha scenarios, from Chapter 7 of the Global Report
should have been included in this document.

Canada and Uganda prefer the following language “to
better take into account national policy priorities and
characteristics” instead of “to redress the weaknesses
and inequities”.

Canada does not agree with the last three words “ . . .
and derived products.” on point 4.

USA suggests deletion of this table since it does not add
additional clarity for policy makers.
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North America Regional Center (PANNA)

Monica Kapiriri, Regional Program Officer for NGO
Enhancement and Rural Development, Aga Khan

Raymond C. Offenheiser, President, Oxfam America

Daniel Rodriguez, International Technology Development Group
(ITDG), Latin America Regional Office, Peru

UN Bodies

Ivar Baste, Chief, Environment Assessment Branch, UN
Environment Programme

Wim van Eck, Senior Advisor, Sustainable Development and
Healthy Environments, World Health Organization

Joke Waller-Hunter, Executive Secretary, UN Framework
Convention on Climate Change

Hamdallah Zedan, Executive Secretary, UN Convention on
Biological Diversity

At-large Scientists

Adrienne Clarke, Laureate Professor, School of Botany, University
of Melbourne, Australia

Denis Lucey, Professor of Food Economics, Dept. of Food
Business & Development, University College Cork, Ireland,
and Vice-President NATURA

Vo-tong Xuan, Rector, Angiang University, Vietnam

Private Sector

Momtaz Faruki Chowdhury, Director, Agribusiness Center for
Competitiveness and Enterprise Development, Bangladesh
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Sam Dryden, Managing Director, Emergent Genetics

David Evans, Former Head of Research and Technology, Syngenta
International

Steve Parry, Sustainable Agriculture Research and Development
Program Leader, Unilever

Mumeka M. Wright, Director, Bimzi Ltd., Zambia

Consumer Groups

Michael Hansen, Consumers International

Greg Jaffe, Director, Biotechnology Project, Center for Science in
the Public Interest

Samuel Ochieng, Chief Executive, Consumer Information
Network

Producer Groups

Mercy Karanja, Chief Executive Officer, Kenya National Farmers’
Union

Prabha Mahale, World Board, International Federation Organic
Agriculture Movements (IFOAM)

Tsakani Ngomane, Director Agricultural Extension Services,
Department of Agriculture, Limpopo Province, Republic of
South Africa

Armando Paredes, Presidente, Consejo Nacional Agropecuario
(CNA)

Scientific Organizations

Jorge Ardila Vdsquez, Director Area of Technology and
Innovation, Inter-American Institute for Cooperation on
Agriculture (IICA)

Samuel Bruce-Oliver, NARS Senior Fellow, Global Forum for
Agricultural Research Secretariat

Adel El-Beltagy, Chair, Center Directors Committee, Consultative
Group on International Agricultural Research (CGIAR)

Carl Greenidge, Director, Center for Rural and Technical
Cooperation, Netherlands

Mohamed Hassan, Executive Director, Third World Academy of
Sciences (TWAS)

Mark Holderness, Head Crop and Pest Management, CAB
International

Charlotte Johnson-Welch, Public Health and Gender
Specialist and Nata Duvvury, Director Social Conflict and
Transformation Team, International Center for Research on
Women (ICRW)

Thomas Rosswall, Executive Director, International Council for
Science (ICSU)

Judi Wakhungu, Executive Director, African Center for
Technology Studies
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Governments

Australia: Peter Core, Director, Australian Centre for
International Agricultural Research

China: Keming Qian, Director General Inst. Agricultural
Economics, Dept. of International Cooperation, Chinese
Academy of Agricultural Science

Finland: Tiina Huvio, Senior Advisor, Agriculture and Rural
Development, Ministry of Foreign Affairs

France: Alain Derevier, Senior Advisor, Research for Sustainable
Development, Ministry of Foreign Affairs

Germany: Hans-Jochen de Haas, Head, Agricultural and Rural
Development, Federal Ministry of Economic Cooperation
and Development (BMZ)

Hungary: Zoltan Bedo, Director, Agricultural Research Institute,
Hungarian Academy of Sciences

Ireland: Aidan O’Driscoll, Assistant Secretary General,
Department of Agriculture and Food

Morocco: Hamid Narjisse, Director General, INRA

Russia: Eugenia Serova, Head, Agrarian Policy Division, Institute
for Economy in Transition

Uganda: Grace Akello, Minister of State for Northern Uganda
Rehabilitation

United Kingdom Paul Spray, Head of Research, DFID

United States: Rodney Brown, Deputy Under Secretary of
Agriculture and Hans Klemm, Director of the Office of
Agriculture, Biotechnology and Textile Trade Affairs,
Department of State

Foundations and Unions

Susan Sechler, Senior Advisor on Biotechnology Policy,
Rockefeller Foundation

Achim Steiner, Director General, The World Conservation Union
(IUCN)

Eugene Terry, Director, African Agricultural Technology
Foundation
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Advisory Bureau

Non-government Representatives

Consumer Groups

Jaime Delgado ® Asociacion Peruana de Consumidores y Usuarios

Greg Jaffe ® Center for Science in the Public Interest

Catherine Rutivi ® Consumers International

Indrani Thuraisingham ® Southeast Asia Council for Food
Security and Trade

Jose Vargas Niello ® Consumers International Chile

International organizations

Nata Duvvury e International Center for Research on Women
Emile Frison ¢ CGIAR

Mohamed Hassan ® Third World Academy of Sciences

Mark Holderness ¢ GFAR

Jeffrey McNeely ® World Conservation Union (IUCN)

Dennis Rangi ® CAB International

John Stewart ® International Council of Science (ICSU)

NGOs

Kevin Akoyi ® Vredeseilanden

Hedia Baccar ® Association pour la Protection de ’Environment
de Kairouan

Benedikt Haerlin ® Greenpeace International

Juan Lopez ® Friends of the Earth International

Khadouja Mellouli ® Women for Sustainable Development

Patrick Mulvaney e Practical Action

Romeo Quihano e Pesticide Action Network

Maryam Rahmaniam ¢ CENESTA

Daniel Rodriguez ® International Technology Development Group

Private Sector

Momtaz Chowdhury e Agrobased Technology and Industry
Development

Giselle L. D’Almeida e Interface

Eva Maria Erisgen © BASF

Armando Paredes ® Consejo Nacional Agropecuario

Steve Parry ® Unilever

Harry Swaine ® Syngenta (resigned)

Producer Groups

Shoaib Aziz e Sustainable Agriculture Action Group of Pakistan
Philip Kiriro ® East African Farmers Federation

Kristie Knoll ® Knoll Farms

Prabha Mahale ® International Federation of Organic Agriculture
Movements

Anita Morales ® Apit Tako

Nizam Selim e Pioneer Hatchery

Government Representatives

Central and West Asia and North Africa

Egypt ® Ahlam Al Naggar

Iran ® Hossein Askari

Kyrgyz Republic ® Djamin Akimaliev

Saudi Arabia ® Abdu Al Assiri, Taqi Elldeen Adar, Khalid Al
Ghamedi

Turkey © Yalcin Kaya, Mesut Keser

East and South Asia and the Pacific
Australia ® Simon Hearn

China e Puyun Yang

India ® PK Joshi

Japan ® Ryuko Inoue

Philippines ® William Medrano

Latin America and Caribbean

Brazil ® Sebastiao Barbosa, Alexandre Cardoso, Paulo Roberto
Galerani, Rubens Nodari

Dominican Republic ® Rafael Perez Duvergé

Honduras ® Arturo Galo, Roberto Villeda Toledo

Uruguay ® Mario Allegri

North America and Europe

Austria ® Hedwig Woegerbauer

Canada e lain MacGillivray

Finland ® Marja-Liisa Tapio-Bistrom

France ® Michel Dodet

Ireland ® Aidan O’Driscoll, Tony Smith

Russia ® Eugenia Serova, Sergey Alexanian

United Kingdom e Jim Harvey, David Howlett, John Barret
United States ® Christian Foster

Sub-Saharan Africa

Benin e Jean Claude Codjia

Gambia e Sulayman Trawally

Kenya ® Evans Mwangi

Mozambique ® Alsicia Atandsio, Jilio Mchola
Namibia e Gillian Maggs-Kolling

Senegal ® Ibrahim Diouck
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“Although considered by many to be a success story, the benefits of productivity increases in
world agriculture are unevenly spread. Often the poorest of the poor have gained little or noth-
ing; and 850 million people are still hungry or malnourished with an additional 4 million more
joining their ranks annually. We are putting food that appears cheap on our tables; but it is
food that is not always healthy and that costs us dearly in terms of water, soil and the biological
diversity on which all our futures depend.”

—PROFESSOR BoB WATSON, DIRECTOR, IAASTD

The International Assessment of Agricultural Knowledge, Science and Technology for Devel-
opment (IAASTD) , on which Agriculture at the Crossroads is based, was a three-year collab-
orative effort begun in 2005 that assessed our capacity to meet development and sustainabil-

ity goals of:

¢ Reducing hunger and poverty
e Improving nutrition, health and rural livelihoods

e Facilitating social and environmental sustainability

Governed by a multi-stakeholder bureau comprised of 30 representatives from government
and 30 from civil society, the process brought together 110 governments and 400 experts, rep-
resenting non-governmental organizations (NGOs), the private sector, producers, consumers,
the scientific community, multilateral environment agreements (MEAs), and multiple interna-

tional agencies involved in the agricultural and rural development sectors.

In addition to assessing existing conditions and knowledge, the IAASTD uses a simple set of
model projections to look at the future, based on knowledge from past events and existing
trends such as population growth, rural/urban food and poverty dynamics, loss of agricultural

land, water availability, and climate change effects.

This set of volumes comprises the findings of the IAASTD. It consists of a Global Report, a
brief Synthesis Report, and 5 subglobal reports. Taken as a whole, the IAASTD reports are an
indispensable reference for anyone working in the field of agriculture and rural development,

whether at the level of basic research, policy, or practice.
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