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Abstract

New agricultural development pathways are required to meet climate change adaptation and
mitigation needs in the food systems of low-income countries. A research and policy agenda
is provided to indicate where innovation and new knowledge are needed. Adaptation requires
identifying suitable crop varieties and livestock breeds, as well as building resilient farming
and natural resources systems, institutions for famine and crop failure relief, and mechanisms
for rapid learning by farmers. Mitigation requires transitioning to ‘low climate impact’
agriculture that reduces emissions while achieving food security, economic well-being and
sustainability. Efficient interventions, incentives for large-scale shifts in practices, and
monitoring systems are required. Integrated assessments of adaptation and mitigation are

needed to better understand the synergies and trade-offs among outcomes.
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Introduction

Recent analysis indicates that global food systems are failing and need a radical redesign to
meet the needs of future population (Godfray et al. 2011, Foresight 2011). Climate change
requires that food systems both adapt to new climates and mitigate impacts on the climate.
Yet low-income countries also need to increase food production and meet economic
development goals, and to do so in sustainable ways. To work towards these multiple goals,
new knowledge and policy will be necessary to support innovation, identify feasible options,
and monitor impacts. Toward this end, we provide a research and policy agenda for
agriculture and climate change in developing countries, produced collaboratively by the
climate change and agricultural development scientific communities. The agenda reflects
priorities for achieving climate change mitigation and adaptation as well as current gaps in

knowledge.'

Adaptation policy and research needs

Adapting farming systems to a variable and changing climate is already a necessity for many
farmers in developing countries. Climate change scenarios to 2030 and beyond indicate that
agricultural production will decrease and become more variable, especially in the tropics and
subtropics (Lobell et al. 2008, Funk and Brown 2099). Sub-Saharan Africa is especially
vulnerable due to the range of projected impacts, multiple stresses and low adaptive capacity
(IPCC 2007, Ericksen et al. 2011). Agricultural adaptation will require resilient farming
systems (Reynolds and Ortiz 2010). The following paragraphs outline the priority actions and

specific research needs to support adaptation.

Vulnerable farming systems: Better modelling is needed to show how climate change will

affect farming to identify vulnerable populations. Improvements should include better

1 The priorities identified here are based on the outcomes of a meeting of the Climate Change, Agriculture and Food Security
Research Program (CCAFS) of the Consultative Group for International Agricultural Research (CGIAR) and Earth Systems
Science Partnership (ESSP), held 4-6 December, 2010, in Playa del Carmen, Mexico. The participants in this workshop
represent major scientific programs in climate change from the Earth System Science Partnership and the CGIAR. This
summary can therefore be considered a synthesis of current thinking on climate change research priorities in agriculture.



predictions on seasonal to decadal scales, use of suites of models to capture uncertainty,
testing the sensitivity of different farming systems and understanding the interactions between
climate and other drivers affecting farm productivity (Ericksen et al. 2011). Policy makers
will need new tools and decision-making frameworks to assess the implications of
vulnerability and target areas for intervention. Understanding the conditions of vulnerable

farmers provides the context necessary for developing further options.

Crop varieties and livestock: Adapted farming systems will require use of crop varieties and
livestock breeds better suited to predicted future climates and uncertainty. Assessing the
capacity of existing crops and livestock to adapt to these conditions will be as important as
developing new varieties and breeds. Specific crops traits such as resistance to heat and cold,
or climate extremes such as droughts and floods, will be needed in many places. Developing
new strategies to breed to cope with uncertainty and rapid change and help farmers access
adapted varieties or breeds will increase farmers’ options (Fedoroff 2010, Delmer 2005,
Wassmann et al. 2009a,b, McCartney and Smakhtin 2010). Harmonizing national seed laws
and regulations to allow regions to share varieties will support more rapid and efficient
adaptation (Langyinto et al. 2010). Analysis of intellectual property rights and technology

transfer would help guide the design of more adaptive policies.

Resilient crop and natural resource management systems and livelihood strategies:
Research also is needed on how management practices can best cushion the impacts of the
changing climate and sustain the natural resource base. Crops will be less resilient where soils
are degraded and no longer have adequate water-holding capacity to buffer against drought
and heat stress. Management practices can reduce climate impacts by, for example,
conserving rainwater, managing floods or buffering temperatures (Hobbs and Govaerts 2010).
Improving the resolution of spatial models to better link weather forecasting and climate

modelling should provide better information for both breeding and management.

Adapted farming systems will be insufficient, however, if not supported by ecologically and
economically resilient household livelihood strategies and larger economies (Hobbs and
Govaerts 2010). A better understanding is needed of the roles of agroecosystem and
livelihood diversity in adaptation, the coping mechanisms of the rural poor, and the impacts of
enabling conditions such as health and education services, infrastructure for agricultural

inputs and markets, food and fuel prices or trade policies.



Adaptive institutions: Assuming that some crop or livestock failure is inevitable, research on
effective micro-insurance and micro-finance mechanisms and indicators to anticipate famines
and inform relief efforts will be important. In some areas rural employment schemes and
guaranteed access to food will be desirable, so understanding how to make these systems

accessible and efficient should be a priority.

Learning and knowledge dissemination: Given the time lag between the development,
dissemination and adoption of interventions, mechanisms will be required to support farmers’
learning and adaptation. Adaptation options are frequently information intensive (e.g.
seasonal forecasts), both for farmers and information providers. Improved capacity and
institutional arrangements for rapid learning and collaboration among farmers and the

institutions supporting them will be needed (Armitage et al. 2009).

Summary of adaptation policy and research needs

Identify the most vulnerable farming systems and the conditions that vulnerable

farmers face;

* Identify and develop crop varieties and livestock breeds suited to an array of
future climates and vulnerable populations’ needs;

* Improve crop and natural resource management systems to increase the
resilience and sustainability of food production and livelihood strategies;

* Strengthen institutions that help farmers cope with crop failure or famine

through, for example, improved climate information, advance famine warning

systems, or insurance mechanisms linked to climate; and

* Enhance mechanisms for farmers’ rapid learning and access to the knowledge

and material associated with adaptation.




Mitigation policy and research needs

Agriculture and associated land use change contribute about one-third of global anthropogenic
emissions, and emissions from agriculture are expected to increase most rapidly in developing
countries (Smith et al. 2007, Lambin and Geist 2006).> Unacceptable levels of climate change
are likely to continue if agricultural emissions are not reduced (Wyn Jones et al. 2010). Yet
developing countries cannot compromise food security and economic development. The
following paragraphs outline the priority actions and specific research that can balance these

multiple aims.

Scaling low climate impact agriculture: From a policy perspective, it will be necessary to
identify ‘low climate impact’ development pathways (development options that minimize the
increase of emissions) to meet a balance of multiple objectives, including food security, rural
development, energy production, management of forested and degraded landscapes, and
adaptation to climate change. Scenarios of different agricultural pathways should be tested to

identify how to minimize climate impacts while meeting other aims.

High impact agricultural mitigation options: To make technical decisions, basic data on
the feasibility and impacts of on-farm mitigation options are necessary (Mann et al. 2009,
Mosier et al. 2004). Research should explore how to improve management practices, crops,
and livestock to minimize emissions per unit yield and reduce the expansion of agriculture
into carbon-rich forests and grasslands (Burney et al. 2010, DeFries and Rosenzweig 2010).
Accounting for emissions from all greenhouse gas emissions (carbon dioxide, methane, and

nitrous oxide) will be needed to assess interactions among practices and reduce leakage.

Economic analysis will support investment and policy by showing which aspects of
agriculture (e.g., fertilizer management, soil carbon sequestration, agroforestry, livestock
management, water management, fossil fuel use) and regions of the world provide the largest
net benefits. Analysis across the forest, agriculture, and aquaculture sectors should guide

where mitigation can have the biggest impact.

? Global agricultural emissions are 5.1-6.1 gigatons CO,e yr’', and the economically viable potential for mitigation at future
carbon prices of USD 20-100 is estimated to be ~1500-4300 megatons CO,e yr™' (Smith et al. 2008)

10



Incentives and institutions for low climate impact agriculture: Smallholder farmers will
need incentives and institutional support to adopt mitigation practices, especially to overcome
high establishment and transaction costs (De Pinto et al. 2010, Shames et al. 2011).
Identifying practices that provide direct gains to farmers will be more sustainable and
attractive. For example, improved fertilizer efficiency improves yields and reduces emissions
(Norse et al. 2011). Alternative incentive arrangements should be explored, including
payments for ecological services, policy compliance mechanisms, and technical assistance
and quality control requirements in food supply chains (Herrero et al 2010). Mitigation costs
can be reduced by increasing the efficiency of financial incentives by, for example, tailoring
the size of payments according to the characteristics of the target group, providing incentives
to larger groups of farmers, or bundling ecological services to reduce transaction costs.
Testing the impacts of mitigation on food security and household wellbeing should be a
priority, and trade-offs such as the impacts of afforestation on water resources should be
assessed (Perez et al. 2007). Understanding who benefits and who loses from mitigation, and
how to align mitigation with livelihood needs, will inform how to improve impacts for
smallholders (Boyd et al. 2007, Tschakert 2007). Testing safeguards such as participation
requirements or financial buffers will be important to enable poor farmers—including

women—to benefit.

Low cost MRYV protocols: Better emissions baselines and estimates of mitigation potentials
can guide policy. Improved data about farming activities (e.g., number of livestock, amount of
fertilizer used, area of land use, burning practices) are needed to support this analysis (Brown
etal. 2011). Low-cost, comparable protocols and tools for greenhouse gas MRV are needed.
This will require building data management infrastructure, strengthening capacities, and

building better links between the global climate science community and practitioners.

11



Summary of mitigation policy and research needs

* Identify low climate impact pathways through improved management of
agricultural emissions and carbon sequestration on farmers’ fields at significant
scales;

* Invest in mitigation interventions that will have the largest impact in agriculture
and across landscapes and food systems;

* Develop incentives and institutional arrangements for the transition to a ‘low
climate impact” agriculture that balances multiple needs; and

* Develop simple, low cost protocols and tools for measurement, reporting, and

verification (MRV).

Managing outcomes

Synergies and trade-offs among food security, net emissions, and
livelihoods

Developing climate-resilient food systems in developing nations requires integrative
assessment to understand better the synergies and trade-offs among desirable outcomes. This
will require tools and decision-support frameworks. Tracking the drivers of regional food
supply and demand, including population growth, increased income, rural-urban migration,
growing preference for fish, meat and dairy, and modernization and concentration of food
industries will show where interventions may be useful. Understanding the emergent
properties of these impacts at different scales will be needed to understand trade-offs across
scales, such as meeting national needs for biodiversity, but local needs for food. Measuring
outcomes will require multi-scale indicators to capture effects on farms, households,

communities and food systems.

Adaptation and mitigation measures in agriculture should be synergistic whenever possible.
Understanding where synergies are possible can guide policy. Many adaptation measures
have positive impacts on mitigation by diversifying systems, improving nitrogen and water

use efficiencies, or improving soil carbon storage (Smith and Olesen 2010, Wassmann et al.
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2009b, McCartney and Smakhtin 2010). Trees on farms, for example, diversify products,
improve ecological functions of soils and sequester carbon (Verchot et al. 2007), although
competition for nutrients and water must be managed. Understanding farmers’ perspectives
on feasibility and trade-offs of options, in addition to other constraints and opportunities, can

help indicate expected local impacts and implementability.

Not all adaptation is synergistic with mitigation, however; increasing agricultural production
often increases total emissions. Current trends in many developing countries are towards more
intensive livestock management and increased fertiliser use. Identifying sustainable
approaches to agricultural intensification and better managing the linkages between
agricultural land, forests, degraded areas and water systems can support environmental health
and the sustainability of agricultural inputs (Tilman et al. 2002). Where agriculture increases
emissions, approaches for offsetting the new emissions through carbon sequestration in the
soil or above ground biomass should be explored. Analysis should identify how to improve
adaptive capacities for food, energy and water across landscapes and regions in ways that
reduce net emissions and provide food security in the long run. For example, should biomass
residues be used to feed livestock, increase soil organic matter or generate energy?
Understanding and improving governance mechanisms from the international to local level

can indicate how to support fair and just decisions about these trade-offs.
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Conclusions

Adapting food systems and reducing their impact on the climate will be a necessity in the

coming decades. New agricultural development pathways are needed to minimize impacts on

climate change, as well as achieve increased food security, economic development and

environmental sustainability. In this paper we have identified priorities for action and

research to support development of these new pathways (Figure 1). Many countries are

already actively seeking ways to achieve the multiple aims required of future food systems.

As part of an agenda to address climate change, Mexico is actively promoting conservation

agriculture, Niger is supporting expansion of agroforestry, and Ghana is exploring how to

manage cocoa intensification to reduce pressure on carbon rich forests.

Research and
policy priorities

Adaptation
Focus on vulnerable farming systems.
Needs:
« crop varieties and livestock breeds for range of
climates
« resilient crop and natural resource management
« institutions for relief of crop failure or famine
« mechanisms for farmers’ rapid learning

Mitigation

Focus on highest impact interventions that also

maintain food security and economic.

development

Needs:

« mitigation interventions at large scales

« incentives and institutional arrangements for
transition to ‘low climate impact’ agriculture that
balances multiple needs

« simple, low cost protocols and tools for
monitoring, reporting and verficiation

Managing Outcomes
Focus on synergies. Needs:
« track drivers and identify outcome indicators
« decision tools and frameworks for integrated
assessment
« integrate farmers’ perspectives on outcomes

Impacts

% Improved
\ food security

(D ‘\
2
m ‘I
= |
Q '
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Figure 1 Research and policy priorities for climate change adaptation and mitigation in

agriculture
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International action needed

Allocate fast-track financing to support capacity building and action toward
agricultural adaptation and mitigation,

Include food security in international climate agreements

Ensure that REDD+ and other forest conservation efforts address agricultural
drivers and support sustainable, low climate impact agricultural strategies
Include agriculture and landscape approaches in mitigation finance mechanisms,
such as the Clean Development Mechanism

Create safeguards to rural livelihoods and food security, and

Represent the interests of smallholder farmers and low-income countries in

decisions about agricultural climate change adaptation and mitigation.

To move forward, national policy and research will be essential, and must be complemented

by international action. Prioritizing research, national policy, and international governance for

climate change adaptation and mitigation will support the necessary transition to a resilient,

climate-friendly food system capable of meeting the long-term food needs of the developing

world.

15




References

Armitage D, Plummer R, Berkes F, Arthur R, Charles A, Davidson-Hunt I, Diduck A,
Doubleday N, Johnson D, Marschke M, McConney P, Pinkerton E, Wollenberg E. 2009.
Adaptive co-management for social-ecological complexity. Journal of Frontiers in

Ecology and the Environment 7(2): 95-102.

Boyd E, Gutierrez M, Chang M. 2007. Small-scale forest carbon projects: Adapting CDM to

low-income communities. Global Environmental Change 17:250-269.
Brown S, Grais A, Ambagis S, Pearson T. 2011. Baseline GHG Emissions from the

Agricultural Sector and Mitigation Potential in Countries of East and West Africa. Draft

Report. Winrock International.

Burney JA, Davis SJ, Lobell DB. 2010. Greenhouse gas mitigation by agricultural
intensification. Proceedings of the National Academy of Sciences 107(26): 12052-12057.

De Pinto A, Magalhaes M, Ringler C. 2010. The potential of carbon markets for small
farmers: A literature review. Washington DC: International Food Policy Research

Institute.

DeFries R, Rosenzweig C. 2010. Toward a whole-landscape approach for sustainable land use
in the tropics. Proceedings of the National Academy of Sciences 107(46):19627-19632.

Delmer DP. 2005. Agriculture in the developing world: connecting innovations in plant
research to downstream applications. Proceedings of the National Academy of Sciences
102:15739-15746.

Ericksen P, Thornton P, Notenbaert A, Cramer L, Jones P, Herrero M. 2011. Mapping
Hotspots of Climate Change and Food Insecurity in the Global Tropics. CCAFS Report

No. 5. (Available from http://ccafs.cgiar.org/resources/climate hotspots).

Mann W, Lipper L, Tennigkeit T, McCarthy N, Branca G, Paustian K. 2009. Food Security
and Agricultural Mitigation in Developing Countries: Options for Capturing Synergies.
Rome: FAO.

Fedoroff NV. 2010. The past, present and future of crop genetic modification. New
Biotechnology 27(5): 461-465.

Foresight. 2011. The Future of Food and Farming. Final Project Report. London: The

Government Office for Science.

Funk CC, Brown ME. 2009. Declining global per capital agricultural production and warming
oceans threatens food security. Food Security 1:271-289.

Godfray C, Pretty J, Thomas SM, Warham EJ, Beddington JR. 2011. Linking Policy on
Climate and Food. Science 332:173.

16



Herrero M, Thornton PK, Notenbaert AM, Wood S, Msangi S, Freeman HA, Bossio D, Dixon
J, Peters M, van de Steeg J, Lynam J, Parthasarathy Rao P, Macmillan S, Gerard B,
McDermott J, Seré C, Rosegrant M. 2010. Smart investments in sustainable food

production: revisiting mixed crop-livestock systems. Science 327:822-825.

Hobbs PR, Govaerts B. 2010. How conservation agriculture can contribute to buffering
climate change. In: Reynolds MP, ed. Climate change and crop production. Wallingford,
UK: CABL

IPCC. 2007. Fourth Assessment Report: Synthesis. Published online 17 November 2007.
http://www.ipcc.ch/pdf/assessment-report/ard/syr/ar4d syr.pdf.

Lambin EF, Geist HJ, eds. 2006. Land-Use and Land-Cover Change: Local Processes and

Global Impacts. International Geosphere-Biosphere Program. New York: Springer.

Langyintuo AS, Mwangi W, Diallo AO, MacRobert J, Dixon J, Binziger M. 2010.
Challenges of the maize seed industry in eastern and southern Africa: A compelling case

for private—public intervention to promote growth. Food Policy 35(4):323-331.

Lobell DB, Burke MB, Tebaldi C, Mastrandrea MD, Falcon WP, Naylor RL. 2008.
Prioritizing climate change adaptation and needs for food security in 2030. Science
319:607-610.

McCartney MP, Smakhtin V. 2010. Water storage in an era of climate change: addressing the
challenge of increasing rainfall variability. Colombo, Sri Lanka: International Water

Management Institute, Blue Paper.

Mosier A, Wassman R, Verchot L, King J and Palm C. 2004. Methane and nitrogen oxide
fluxes in tropical agricultural soils: sources, sinks and mechanisms. Environment,

Development and Sustainability 6(1):11-49.

Norse D, Powlson D, Lu Y. 2011. Integrated Nutrient Management as a Key Contributor to
China’s Low Carbon Agriculture. In: Wollenberg E, Nihart A, Tapio-Bistrom M-L, Grieg-
Gran M, eds. Climate Change Mitigation and Agriculture. London: Earthscan.

Perez C, Roncoli C, Neely C, Steiner JL. 2007. Can carbon sequestration markets benefit low-
income producers in semi-arid Africa? Potentials and challenges. Agricultural Systems
94(1): 2-12.

Reynolds MP, Ortiz R. 2010. Adapting crops to climate change: a summary. In: Reynolds
MP, ed. Climate Change and Crop Production. Wallingford, UK: CABI.

Shames S, Buck L, Scherr S. 2011. Reducing costs and improving benefits in smallholder
agriculture carbon projects: implications for going to scale. In: Wollenberg E, Nihart A,
Tapio-Bistrom M-L, Grieg-Gran M, eds. Climate Change Mitigation and Agriculture.

London: Earthscan.

17



Smith P, Martino D, Cai Z, Gwary D, Janzen H, Kumar P, McCarl M, Ogle S, O’Mara F,
Rice C, Scholes B, Sirotenko O, Howden M, McAllister T, Pan G, Romanenkov V, Rose
S, Schneider U, Towprayoon S, Wattenbach M. 2007. Agriculture. In: Metz B, Davidson
OR, Bosch PR, Dave R, Meyer LA, eds. Climate change 2007: Mitigation. Contribution of
Working group Il to the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge, UK: Cambridge University Press.

Smith P, Martino D, Cai Z, Gwary D, Janzen HH, Kumar P, McCarl B, Ogle S, O’Mara F,
Rice C, Scholes RJ, Sirotenko O, Howden M, McAllister T, Pan G, Romanenkov V,
Schneider U, Towprayoon S, Wattenbach M, Smith JU. 2008. Greenhouse gas mitigation
in agriculture. Philosophical Transactions of the Royal Society, B 363:789-813

Smith P, Olesen JE. 2010. Synergies between the mitigation of, and adaptation to, climate
change in Agriculture. Journal of Agricultural Science 148:543-552.

Tilman D, Cassman KG, Matson PA, Naylor R, Polasky S. 2002. Agricultural sustainability

and intensive production practices. Nature 418:671-677.

Tschakert P. 2007. Environmental services and poverty reduction: Options for smallholders in
the Sahel. Agricultural Systems 94(1):75-86.

Verchot LV, van Noordwijk M, Kandji S, Tomich T, Ong C, Albrecht A, Mackensen J,
Bantilan C, Anupama CK, Palm C. Climate change: Linking adaptation and mitigation
through agroforestry. Mitigation and Adaptation Strategies for Global Change 12:1381-
2386.

Wassmann R, Jagadish SVK, Heuer S, G, Ismail, Redofa E, Serraj R, Singh RK, Howell A,
Pathak H, Sumfleth K. 2009a. Climate Change Affecting Rice Production: The
Physiological and Agronomic Basis for Possible Adaptation Strategies. Advances in
Agronomy101:59-122

Wassmann R, Jagadish SVK, Sumfleth K, Pathak H, Howell G, Ismail A, Serraj R, Redofia E,
Singh RK, Heuer S. 2009b. Regional vulnerability of climate change impacts on Asian

rice production and scope for adaptation. Advances in Agronomy 102:91-133.

Wyn Jones RG, Taylor RC, Omed HM, Jones GE. 2010. Climatic mitigation, adaptation and
dryland food production. Tenth International Conference on Development of Drylands,
12-15 December 2010, Cairo, Egypt.

18



The CGIAR Research Program on Climate Change, Agriculture and Food
Security (CCAFS) is a strategic initiative of the Consultative Group on
International Agricultural Research (CGIAR) and the Earth System Science
Partnership (ESSP), led by the International Center for Tropical Agriculture
(CIAT). CCAFS is the world’s most comprehensive global research program
to examine and address the critical interactions between climate change,
agriculture and food security.

For more information, visit www.ccafs.cgiar.org

Titles in this Working Paper series aim to disseminate interim climate change,
agriculture and food security research and practices and stimulate feedback
from the scientific community.

ZCIAT

Earth System
Science Partnership




