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Abstract Climate change, especially through greater frequency and intensity of
climate extremes, is expected to negatively impact agriculture and food security,
particularly in developing countries highly dependent on rain-fed agriculture.
Promoting growth and food security must draw on the rich literature of the past
50-60 years while also addressing potential structural shifts in the factors that pro-
mote growth. This paper summarizes the economic considerations of Climate Smart
Agriculture, a concept developed by the FAO to address the complex issue of how
to achieve sustainable agricultural growth for food security under climate change. It
addresses the lack of coherence on the CSA approach by building a formal basis of
the CSA concept and methodology. We do this by posing a dynamic optimization
problem wherein a social planner seeks to maximize expected discounted welfare
associated with agriculture of the population they serve, both now and in the future.
We analyze constraints, choices, and features of design of CSA to illustrate on the
concept can be applied across a range of locations and conditions. This has implica-
tions for research, innovation, and policy design.

1 Introduction

Climate change is expected to have negative impacts on agriculture and food secu-
rity in many regions, particularly in developing countries highly dependent on rain-
fed agriculture. The fifth assessment report of the [PCC released in 2014 found that
climate change effects are already being felt on agriculture and food security, and
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the negative impacts are most pronounced in tropical zones where most of the
world’s poor and agricultural-dependent populations are located (IPCC 2012). And
yet in the next 20 years, increasing the rate of agricultural growth in these regions is
essential to reach the goals of eradicating poverty and meeting growing food demand
associated with population growth and dietary transitions.

Over the last 50-60 years, a rich and extensive body of work on agricultural
development economics has been developed, aimed at supporting agricultural
growth and food security. Over time this work has been augmented with insights
and techniques from natural resource and environmental economics, as well as
behavioral and institutional economics. The evidence base has also expanded dra-
matically due to advancements in empirical research design, econometric tech-
niques, data availability and computing power. At the same time, the public sector
has invested in agricultural and rural development, accumulating practical experi-
ence and knowledge.

Climate change, with its potentially transformative impacts on agricultural sys-
tems, means that we need to revisit the key tenets of this accumulated body of
knowledge and experience in order to identify its applicability to current and chang-
ing circumstances. Does climate change actually require a change in how we go
about planning and investing in agricultural growth for food security and poverty
reduction? The answer is not obvious — much research and policy design in agricul-
tural development has been concerned not only with enhancing productivity, but
also with reducing negative environmental impacts and providing public goods, as
well as managing trade-offs between risk and returns and reducing vulnerability of
farm households to a wide array of shocks. These are also some of the major con-
cerns raised, perhaps to a more urgent level, with respect to addressing climate
change in agriculture. However we need to consider whether the potential magni-
tude and scale of climate change will result in a structural shift in the factors that
will promote growth — and thus how we go about promoting growth and food
security.

The increased frequency and intensity of extreme events is clearly one of the
most important game-changing effects of climate change. Recent work by Fischer
and Knutti (2015) on the link between climate change and extreme events estimated
that 75% of extreme hot days and 18% of days with heavy rainfall worldwide can
be explained by the warming we’ve seen over the industrial period. The same study
also finds that the probability of extreme events increases nonlinearly with increas-
ing global warming. For instance, the probability of an extreme hot day under a
scenario of 2 °C increase over pre-industrial levels is almost double the probability
at a 1.5 °C increase, and is more than five times higher than with today’s climate.
Essentially, the vulnerability of the agricultural sector to adverse events is increas-
ing at a rapid, steep and broad scale, which implies a need for innovative measures
to reduce the exposure and sensitivity of the agricultural sector, and also to increase
adaptive capacity.

Greater frequency and intensity of climate extremes has implications for research,
innovation, and policy design. With respect to research, though the empirical evi-
dence on households’ responses to weather shocks is fairly large, most of the data
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collected has been undertaken under relatively normal weather conditions, with spa-
tially limited idiosyncratic weather shocks. Thus, little is known about the impacts
of generalized climate shocks on households’ wellbeing, and even less is known
about which mechanisms are most effective at minimizing those impacts.
Additionally, evidence is lacking on which measures are most effective at increas-
ing the resilience of the agricultural sector as a whole. Part of the problem is the lack
of capacity to mobilize resources needed to collect relevant data in the immediate
wake of disasters that occur at significant scale, as well as logistical, and potentially
ethical, issues involved with collecting data under such circumstances. Valuable
information could be obtained by those involved in disaster relief activities, but such
information is generally not collected in a systematic manner nor widely shared. As
noted by Scott et al. (2016), though everyone agrees that monitoring and evaluation
(M&E) should be a critical element in disaster relief, most M&E systems remain
weak and data collected remains little shared.

With respect to innovation and policy design, increased frequency and intensity
of climate extremes dramatically increases the value of innovations and policies that
increase the range of cost-effective options that allow rapid adjustments in the face
of climate extremes. This implies a need for a strong shift towards investing in tech-
nological and institutional innovations that create options and increase flexibility.
This also implies a need for designing policies and regulations that enable different
actors — including government agencies as well as the private sector — to exercise
various options in response to climate extremes.

The second potential game-changer arises from the possibility of major regional
shifts in weather patterns, or “migration” of climate. This effect may be due to spa-
tially and seasonally heterogeneous increases in average temperature and altered
rainfall patterns. Such changes may have major consequences in terms of movement
of pests and diseases, as well as loss of coastal and certain inland agricultural lands.
We can expect that migration of climate will disproportionately affect resource-poor
and marginalized farmers who have less adaptive capacity but depend primarily on
agriculture for their livelihoods (Hitz and Smith 2004; Thornton et al. 2011).
Experience has indicated that intensifying labor migration is a common response to
prolonged and chronic environmental degradation, with permanent resettlement
less common and generally considered less desirable. However this option is
increasingly considered as an adaptation strategy in response to major shifts, such
as sea level rise. Current empirical evidence indicates that the poor and most vulner-
able to climate risks are again the least capable to undertake effective migration,
since they lack the assets and social networks required (Adger et al. 2014; Taylor
and Martin 2001).

Successfully adapting to emerging major shifts in weather means that research
needs to focus on which factors facilitate the transition to new climate patterns
while maintaining growth rates and reducing poverty. Research is needed to evalu-
ate both adaptive, marginal changes within the system to confront such shifts, as
well as far-reaching transformational changes. Research is also needed to generate
sufficient evidence to compare the relative merits of pursuing incremental adapta-
tion strategies versus transformational strategies. For instance, access to new crop
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varieties, more suitable livestock, irrigation systems, and pest management strate-
gies can enable farmers to successfully adapt to new climate patterns. At the same
time, enabling farm households to relocate may well be a better strategy, especially
under more extreme shifts in climate patterns. While there is a fair amount of
household-level research on internal and international migration and its impacts on
migrant households, much less is known about which institutional structures and
mechanisms best support peaceful relocations. While processes of movement in and
out of agriculture are ongoing (Taylor and Martin 2001), future research should aim
to understand the institutional challenges and planning requirements to address cli-
mate related migration within ongoing population transition processes.

More broadly, the interaction between climate change induced changes in agri-
cultural production patterns and structural transformation in the larger food system
and rural non-farm sectors need to be better understood (c.f. Haggblade et al. 2007,
Reardon and Timmer 2007; Gollin et al. 2002). Given the systems-level focus of
such research, this calls for greater integration of sub-discipline research, e.g. link-
ing agro-ecosystem or agri-food sector-wide models with evidence from household
surveys. To date, however, such models capture institutional structures and mecha-
nisms in a fairly rudimentary way. While institutions are important for understand-
ing marginal changes, they are particularly important for understanding and
promoting transformational changes.' Large-scale household surveys and random-
ized experiments will be of limited value in answering many key questions about
systems-level outcomes and optimal institutional structures and mechanisms.
Instead improved methodologies for analyzing limited data, e.g. using case studies
across disciplines will be required, echoing recommendations of Reardon and
Timmer (2007) with respect to agrifood systems.

A third major transformation climate change imposes on agricultural develop-
ment planning is the need to decouple agricultural growth from emissions growth,
given the high share of agriculture in contributing to global emissions. World
Resource Institute (WRI) estimated that emissions from agriculture could grow
from approximately 6.5 GT in 2010 to 9.5GT per year in 2050 under a conventional
agricultural growth strategy. At the same time, the development of the nationally
appropriate mitigation actions (NAMAs) and Intended Nationally Determined
Contributions (INDCs), has shown that developing countries are interested in pursu-
ing low-emissions agricultural growth strategies, if financing to support such actions
can be made available. Reducing emissions from the agricultural sector requires
technologies and practices to increase efficiency and reduce leakage from agricul-
tural production systems, and also enhance the sequestration capacity of the sector
by increasing trees and shrubs. Improved soil management, sustainable rice intensi-

!'Certain institutional mechanisms are relatively well-studied, such as various aspects of property
rights. The impacts of increased access to institutions has also been well-studied but mostly in a
rudimentary way, e.g. dummy variables capturing access to a health care center, credit, extension,
etc. But, specific delivery mechanisms, the range of services offered, service quality, contract
clauses etc. are much less well-studied. Such information is crucial to policy design. New research
tools and methods are needed to help build this evidence base.
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fication, precision farming, and restoration of degraded lands can all contribute to
reduced GHG emissions and/or soil carbon sequestration under certain conditions
(Burney et al. 2010; Lal 2004; Paustian et al. 2004; Antle and Diagana 2003). But,
as many researchers have documented, there has been limited adoption of sustain-
able land management (SLM) practices that could also contribute to a low-emis-
sions agricultural growth path, particularly in sub-Saharan Africa and parts of
Southeast Asia (Barbier 2010; Pender et al. 2006; Barrett et al. 2002).

In terms of research, there is a great deal of evidence on the benefits to adopting
SLM, but much less evidence on the costs and barriers that farmers face in adopting
such practices (McCarthy et al. 2012; Pender et al. 2006; Nkonya et al. 2004). Given
these costs and barriers, there is a need for the public sector to develop innovative
policies and mechanisms that alter incentives for actors in the agricultural sector to
pursue such strategies. One mechanism that has received a great deal of attention is
a carbon-sequestration based payment (Seeberg-Elverfeldt et al. 2009). However,
such programs often fail because of the difficulty in monitoring and verifying com-
pliance, and with making and enforcing contracts with, and delivering payments to,
many smallholders (Lockie 2013; Alix-Garcia et al. 2012; Cacho et al. 2005).
Research needs to shift towards generating better evidence on a wider range of spe-
cific institutional structures and mechanisms that link smallholders to financing
opportunities, including expanding the innovative use of information and communi-
cation technologies (ICTs) and geo-spatial information. This type of evidence is
critical if poor smallholders are to benefit from international mitigation financing. At
the country level, many governments are still leery of promises of mitigation financ-
ing — and the bureaucracy and conditionalities it brings — and there is a clear need to
refine the international institutional mechanisms associated with such financing.

To summarize, the need to address an unprecedented level and magnitude of
uncertain change poses a challenge to economic analyses aiming to support agricul-
tural growth and food security, particularly as these changes will clearly differ
across regions. Research that will identify methods to improve agricultural resource
allocation and management strategies to address emerging climate change patterns,
as well as empirical research that will identify the effectiveness of existing manage-
ment tools in addressing some of the early manifestations of climate change, will be
of high value. This research needs to be part of multidisciplinary efforts needed to
expand the feasible set of technologies and agronomic management practices,
explicitly accounting for decision-making under uncertainty. In addition to tech-
nologies and management practices aimed at the farm level, research will also be
needed to assess the net benefits from investments in public infrastructure and ser-
vices, and to evaluate the potential benefits from creating or reforming laws and
regulations critical to the agricultural sector, such as those related to public and
private land use, as well as the finance, communications and insurance sectors.
Research is also needed to understand the role of key institutions in meeting growth
objectives while minimizing negative impacts of climate change and securing GHG
reductions where possible, and what new institutional forms may be required. Land
tenure and property rights, water rights, extension and weather information dissemi-
nation services, cooperatives and farmers’ unions, and credit and insurance markets
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are but a few such key institutions. Finally, we emphasize that the responses to cli-
mate change may consist both of incremental adaptation, primarily based on scaling
up existing technologies and modifying institutions, laws and regulations, and
transformative adaptation, including new institutions and major reallocation of
resources over space and time. These responses vary in their time dimension and are
interdependent (Nelson et al. 2007).

Since policy planning addresses multiple objectives, such as higher incomes,
more stable incomes, and lower emissions, one of the key areas of focus is high-
lighting potential trade-offs in meeting multiple objectives. The goal is to be able to
evaluate which policy actions can ameliorate trade-offs and harness synergies
amongst the multiple objectives. The latter is particularly important since meeting
increasing global food demand and local food security objectives requires contin-
ued growth in the agricultural sector. There are a number of potential trade-offs that
can arise due to impacts from climate change. For instance, increased frequency of
extreme weather events increases the value of policy actions that reduce household
vulnerability to such events, but may also compromise strategies to enhance average
growth levels of agricultural productivity and farmer incomes. Similarly, policies
and public investments to address uncertain longer-term shifts in weather patterns
can shift resources away from addressing current poverty alleviation goals. Pursuing
low-emissions growth strategies can also involve trade-offs with near-medium term
growth objectives, which need to be clearly understood — and externally financed —
in order to avoid placing additional burdens on smallholders in developing
countries.

Understanding the potential impacts of climate extremes and shifting climate
patterns and evaluating how different options and strategies can best address these
is a complicated process. As a beginning step, the Climate Smart Agriculture (CSA)
concept was developed in order to address the complex issue of how to achieve
sustainable agricultural growth for food security under climate change (FAO 2009,
2010; Lipper et al. 2014). The concept calls for integration of the need for adapta-
tion and the possibility of GHG mitigation in agricultural growth and poverty reduc-
tion strategies. However there is considerable confusion about what the CSA
concept and approach actually involve, and wide variation in how the term is used.
At this time, it is critical to build a more formal basis for the CSA concept and meth-
odology and at the same time provide illustrations of how the concept can be applied
across a range of conditions. This is the primary focus of this book.

2 CSA: The Objectives of the Social Planner

The design of CSA can be analyzed as an economic decision-making problem from
the perspective of a social planner. We will not solve the problem formally, but will
identify its main features and some of the characteristics of potential solutions. The
social planner is concerned with optimizing the welfare of the population they
serve, both now and in the future. CSA then is a way of laying out this dynamic
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optimization problem and its constraints that explicitly incorporates effects of cli-
mate change. A plausible objective is maximization of expected discounted welfare
associated with agriculture, from a basket of “goods” provided by agriculture. Of
course, the agricultural sector is but one sector in the economy, and as noted above,
the best option may be to help people transition out of agriculture. Thus, while we
emphasize the agricultural sector, other sectors are clearly important. Welfare is
comprised of several components. Here we focus on the four pillars of food secu-
rity: food availability, access, utilization (e.g. food safety), and stability of food
supplies. Stability of food supplies is related both to household-level vulnerability
as well as resilience of the agricultural system.? Finally, we can include environ-
mental objectives, including the global objective to reduce GHG emissions growth
as well as local objectives related to improved land quality and water resource
management.

The dynamic nature of the optimization problem captures potential trade-offs
between choices to improve welfare now versus choices made now to improve wel-
fare under uncertain future outcomes. It also highlights the impacts of uncertainty
on decisions made now, and thus the value of additional information and/or the
value of choices that increase the flexibility to adapt as more information becomes
available. A dynamic framework also enables us to evaluate costs and benefits asso-
ciated with alternative “weather-migration” scenarios and lower emissions growth
strategies.

3 The Constraints Facing the Social Planner

When deciding on the extent and means of pursuing avenues for improving welfare
outcomes, the social planner must take into consideration constraints in the form of
biophysical relationships and behavioral, institutional and political constraints. The
biophysical relationships consist of several elements. First is the production func-
tion, which links outputs to ecological inputs and weather. One of the key chal-
lenges in designing agricultural policies is in understanding the heterogeneous
impacts of climate change on productivity. Furthermore, modeling of the produc-
tion function needs to consider both continuous as well as discrete variables. This
approach allows us to investigate technology adoption in response to climate change
(Mendelsohn and Dinar 1999; Antle and Capalbo 2010; Arslan et al. 2015).
Understanding the stochastic nature of the production function, particularly due to
weather realizations, will also be important in designing programs, such as insur-
ance and inventory, to address the challenges of climate change. The second bio-
physical element is the externality function, which expresses the relationships
between economic activities and the various externalities generated by them

2We basically adopt the IPCC WGII ARS definitions of vulnerability and resilience, as provided in
Appendix 1. However, for conceptual convenience, we are defining vulnerability as a household-
level characteristic, and resilience as a system-level characteristic.
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(Zilberman 2014). In the context of CSA, the greenhouse gas emissions are the
main, but not sole, externality considered. Various agricultural practices and invest-
ments also generate both positive and negative local externalities. Overuse of inor-
ganic fertilizer generates greenhouse gas emissions and can also pollute local water
sources (Norse 2012). Investment in soil and water conservation structures at the
farm and ecosystem levels can generate positive spillover benefits to neighboring
farmland productivity (Mirzabaev et al. 2015; McCarthy et al. 2012). Without effec-
tive coordination and collective action, too few positive spillovers, and too many
negative spillovers, will be generated.

In analyzing both the production and externality functions, we recognize that
agriculture is very diverse, and different sectors of agriculture (e.g. irrigated agricul-
ture, rain-fed agriculture, etc.) will experience climate change differently. Livestock
husbandry and fisheries will have unique challenges as well, and our analysis should
strive to provide appropriate solutions that recognize specific contexts.

The behavioral constraints include market choices made by risk-averse individ-
ual agents (both inputs and outputs) operating in contexts where insurance markets
are very thin or entirely absent. Our analysis will emphasize the importance of cli-
mate conditions on the supply and demand of various goods. The choices will be
dependent on risk preferences and market conditions, as well as government poli-
cies. An important category of behavioral choices relates to decisions regarding
technology adoption, including irrigation, seed varieties and production practices.
Almost all empirical evidence suggests that uninsured risk and uncertainty leads to
low levels of adoption of new technologies, and this behavioral constraint must be
addressed if hoped-for wide-scale adoption is to be realized (Antle and Crissman
1990; Dercon and Christiansen 2011). Furthermore, adopting any new technology
is often itself seen to be risky by the farmer who faces uncertainty about its perfor-
mance (Foster and Rosenzweig 2010). Zilberman et al. (2012) note that, in addition
to risk preferences, the diffusion of technology adoption as an adaptation to climate
change will also be a function of heterogeneity in farmers’ access to capital, the
underlying agro-ecology, and prevailing institutions that can foster or hinder
adoption.

Technology adoption and institutional innovations are also a function of political
constraints. As Hayami and Ruttan (1971) emphasize, innovations of new technolo-
gies are outcomes of economic choices that are responsive to incentives and poli-
cies. Thus, the literature on innovation also emphasizes the role of learning in
innovation and the evolution of new technologies, which in turn affect adoption.
Political economic modeling suggests that government policy is affected by eco-
nomic conditions as well as environmental and political considerations (Buchanan
and Tollison 1984; Shepsle 1992; Rausser et al. 2011). These suggest that individual
government policy choice problems are derived from their own political economy
constraints so that the decision to implement policies that favor certain technologies
over others will be a function of this political calculus. Where political weighting
favors high economic growth, for instance, the technologies promoted may conflict
both with resilience and low-emissions growth goals, for instance.
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In addition to political economy considerations, additional political constraints
will bound the range of feasible policy and legal actions to address climate change.
Some policy solutions to climate change may not be politically feasible, and realis-
tic policy design must consider feasibility of solutions within various local and
global contexts. For example, it will be politically easier and it makes common
sense to enact policies that improve human well-being and welfare regardless of
climate change. A no-regret constraint may bind the set of policies that would be
valuable under certain future conditions to those that also address pressing issues of
food security or sustainable land use, thereby satisfying distributional and environ-
mental objectives.

The institutional constraints include input, output and labor markets, property
rights and tenure security, information dissemination systems such as agriculture
extension and weather forecasting, credit and insurance markets and their regula-
tory framework, social safety net programs, environmental regulations, and the
international trading system and local import, export, and foreign direct investment
regulations. The institutional environment has a significant impact on farmers’
incentives and ability to invest in agriculture practices with CSA characteristics
and to adapt to climate change. Thin value supply chains limit farmers’ ability to
access inputs in timely fashion, and sell their output at a profit. Integrated supply
chains can significantly reduce market price swings in response to extreme weather
events, thereby reducing vulnerability of rural households to poor crop output and
high food prices (Reardon and Timmer 2007). As discussed above, thin or absent
credit markets, often combined with very limited insurance mechanisms, dampen
incentives to make any types of investment on-farm, and limits the choices avail-
able to risk-averse farmers to adapt. Similarly, property rights systems that result
in tenure insecurity also limit incentives to invest in land (Mirzabaev et al. 2015;
Holden et al. 2009).

The ability to adapt to climate change will also be affected by the information
dissemination system and farmers’ ability to access weather forecasts and longer-
term climate predictions and to incorporate that information into adaptation and
coping strategies. Additionally, improving the resilience of the agricultural system
as a whole will necessitate making investments and coordinating changing practices
at scales higher than the household level. The ability to invest in larger-scale infra-
structure to improve the resilience of a watershed (Bassist et al. forthcoming), or
coordinating investments in tree planting or check dams across many small com-
munities will depend on local property rights, land use regulations and powers of
eminent domain, as well as environmental regulations. The ability to coordinate
actions across communities will also be affected by collective active institutions and
local-level governance structures (Meinzen-Dick et al. 2004; Pender et al. 2006).
The ability to relax institutional constraints will be key in reducing household vul-
nerability and increasing system resilience in many contexts.

The optimization problem has several dynamic constraints as well. The first con-
straint is the dynamics of climate change. Because of the nature of agriculture, it is
important to have an adequate assessment of climatic variation over space and time in
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order to make predictions of yields and outputs. There is much uncertainty in climate
modeling and it must be incorporated into policy design. Thus, it is not sufficient to
get average predictions of climatic patterns over time, but also some indication of
variability and reliability thereof. Uncertainty of weather patterns is important
because as Dixit and Pindyck (2001) suggested, the pattern and levels of uncertainty
delay the optimal timing of investment. With uncertainty, decision-makers value addi-
tional information and are willing to wait some time for more information, which can
lead to significant delays in investments. This compounds risk-averse farmers’ disin-
centives to invest in land or adopt new technologies.

A second dynamic element is population growth, which affects demand for food
as well as urbanization patterns, both of which are important determinants of opti-
mal agricultural growth pathways. Human population growth is also behavioral to
some extent and thus population dynamics must take account of behavioral param-
eters. Furthermore, population dynamics are subject to uncertainty so we must con-
sider outcomes under several scenarios in assessing and designing climate change
policies.

The third dynamic element is the ongoing transition in agriculture associated
with globalization and the spread of information and technological advances. Global
supply chains are spread everywhere, and the expanded use of the internet, cell
phones, and improved transportation mechanisms are likely to continue.
Technological change is especially important given the role of innovation and adop-
tion in adaptation to climate change, but its diffusion will be a function of both
political constraints as well as the need to adapt technologies to site-specific charac-
teristics. One also needs to understand the workings of the supply chain innovations
in different regions and how they can be utilized to introduce new technologies in
response to climate change. While further integration and connectivity can increase
agricultural system resilience by reducing, pooling and transferring risks, positive
results will nonetheless be a function of the international and national level regula-
tory frameworks. To achieve food security objectives, such frameworks need to
incorporate regulations that limit monopolistic/oligopolistic power and instead har-
ness the risk-reducing benefits for everyone in the agricultural system, as well as
effective enforcement mechanisms.

4 The Social Planner’s Choice Set

Returning to the social planner’s problem - to maximize constrained expected
welfare - the social planner can take actions at the system level, or actions that
alter incentives for farmers and other actors in the agricultural sector to adopt
technologies and practices that improve welfare outcomes. With respect to sys-
tem-level actions, the social planner can invest in providing a wide range of
public goods that improve welfare and increase system resilience in the face of
climate change, including: investing in CSA research and development; investing
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in large-scale infrastructure projects to increase system resilience to climate
extremes and longer-term changes in weather patterns such as irrigation systems
and flood control structures; investing in weather information systems; investing
in disaster risk management systems, including restructuring social safety-net
programs to explicitly incorporate payouts related to climate disasters; and, cre-
ating or amending laws and regulations regarding property rights, land use and
zoning, contract farming, and insurance markets. At the system-level, improved
risk coping measures include the design and implementation of disaster risk
management plans at various government scales, rapid repair of damaged infra-
structure, and, development of insurance instruments targeted for national and
municipal governments.

Reducing household vulnerability and increasing system resilience can be
accomplished through expansion and promotion of ex ante risk management strate-
gies and/or ex post coping strategies. At the household level, ex ante risk manage-
ment strategies include adopting SLM techniques; irrigation; drought, heat and/or
flood resistant crop varieties and livestock breeds; and, diversifying land and labor
activities. Measures that can be undertaken to improve the capacity of farm house-
holds to cope with shocks when they do occur include access to social safety net
programs, access to attractive insurance instruments, and access to information and
infrastructure to re-allocate labor to less affected areas. With respect to actions that
affect farmers’ incentives, potential actions include payment for environmental ser-
vices programs; direct subsidies for adoption of certain investments and/or practices
such as irrigation or SLM practices; and subsidies for inputs or participation in
insurance schemes.

The social planner can also undertake actions to increase adaptive capacity and
to pursue least-cost strategies of adaptation under an uncertain future climate,
including the possibility of “weather migration”. Adaptive capacity is a function of
available risk management and risk coping mechanisms, but also includes broader
measures to improve decision-making under uncertainty. Uncertainty increases the
value of putting in place sophisticated monitoring and evaluation systems and con-
tinual learning (IPCC 2012) Greater adaptive capacity is associated with increasing
the range of options to manage climate extremes and potentially changed climate
patterns, and increasing the ability to exercise those options when needed. It should
be stressed that the ability to exercise options when needed is often as critical as
having options to begin with. For instance, many researchers find that it is precisely
wealthier farmers who are more able to diversify their income sources, reconfirming
longstanding findings in most sub-Saharan African countries (Davis et al. 2014;
Arslan et al. 2015). So, allocating labor off-farm in response to a weather shock
means not only that there are labor opportunities somewhere in the country, but also
that farmers know where those opportunities are, can afford transportation, and have
sufficient skills to be hired.

Resilience and adaptive capacity are complementary traits. Greater adaptive
capacity can increase a system’s capacity to recover from swings in climatic and
biophysical conditions. But when the pressures exceed some threshold, adaptive
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capacity can also enable systems to change completely, to adapt through structural
transformation, thereby enabling the people to survive and even flourish. Similarly,
greater adaptive capacity can enable farm households to reduce vulnerability, but at
some point, the best option may be for at least some family members to leave the
agricultural sector or diversify their livelihood in order to best adapt to changing
climate conditions. At the system-level, adaptive capacity will also be required to
address potential mass migration from areas no longer suitable for agricultural
production.

The above discussion on adaptive capacity and adaptation captures a major
potential trade-off between pursuing strategies that enable farmers to improve their
well-being in the face of climate change within the current agricultural system ver-
sus strategies that allow for the system itself to change in response to climate change
e.g. the difference between incremental and transformative adaptation strategies
(Adger et al. 2014). Insurance and safety net payments are classic examples of poli-
cies that enable people to better withstand extreme events within the current system.
Access to irrigation, improved tenure security, and investments in flood control
infrastructure all have similar impacts. In certain circumstances, particularly
changes in weather patterns that make current production systems impossible or
unprofitable, the social planner will have to determine whether to continue pursuing
incremental strategies, or whether to accommodate and manage migration or pro-
mote a structural transformation in the production system.

Finally, the social planner can assess opportunities for pursuing low-emissions
growth strategies. Certain practices, such as most sustainable land investments and
practices, can generate both greater food security and lower emissions, though as
noted above, current incentives are too low to foster wide-spread adoption in many
countries. Low-emissions growth strategies that pose greater trade-offs with both
immediate and long-term food security objectives require international financing,
particularly given that most developing countries have contributed very little to
cumulative GHG emissions. Where suitable and/or external financing is available,
adaptive capacity will need to be built to foster a switch to low-emissions agricul-
tural growth strategies.

5 Towards a Socially Optimal Solution: Expected Features
of Model Outcomes

Optimizing welfare over multiple objectives that include all four elements of food
security and potentially reduced GHG emissions first implies that the impacts of any
potential policy action be evaluated for each objective, with the aim of identifying
synergies and trade-offs. And, by inserting alternative solutions to this constrained
optimization problem, we are able to evaluate their relative merits by comparing the
balance of outcomes across a range of objectives from each of these proposed solu-
tions, under a wide range of climate change scenarios. Evaluating outcomes across
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the multiple objectives will highlight the role of weighting these objectives in arriv-
ing at a solution, particularly where there are trade-offs. Assigning weights is a
necessary step toward defining a socially optimal solution. The modeling exercise
provides a framework for highlighting these weighting choices and can thus feed
into climate change policy debates at national and international levels.

A second important outcome of this model is the implication that shadow prices
of various constraints will allow us to consider alternative policies by changing the
constraints and parameters of the system. The most valuable reforms are implied by
the solution to the constrained optimization problem and resulting shadow prices.
Business-as-usual scenarios can then be contrasted with scenarios under various
types of policy reform that relax various constraints, which may induce either incre-
mental or transformative changes.

This formulation provides us a starting point for our analysis and the type of
solutions and research needed to inform it. Because of the increased importance of
uncertainty, the solution strategy to this problem will involve adaptive learning. The
decision makers have the capacity to learn from the past—and improve their estima-
tion of key parameters over time as knowledge is accumulated—so data accumula-
tion and learning will be part of the policy making process, and decision-makers
may experiment with various policies to learn more about the system and its con-
straints. The random pressures on the system give rise to incentives to invest in
adaptive capacity—solutions that will allow decision making to respond effectively
to a wide range of potential outcomes. Adaptive capacity may include the ability to
learn, analyze, and respond effectively. In many situations, it may be through
increasing flexibility and adaptability of institutions, capital goods, and the popula-
tion through enhancing human capital and reducing transactions costs associated
with re-allocating resources (e.g. labor, money, goods), including effective informa-
tion systems that reach all actors in the system.

6 Concluding Comments

In this chapter, we have attempted to lay out a conceptual framework to underpin the
CSA concept rooted in agricultural development economic theories and concepts.
We began by highlighting the key features of climate change that require a shift in
emphasis in research, and for innovations in technologies, institutions, and govern-
ment policies and programs. These changes include: (1) increased frequency and
intensity of climate extreme events, with potentially disastrous impacts on already
vulnerable smallholders dependent on rainfed agriculture, (2) permanent changes in
weather patterns making certain areas unsuitable for agricultural production under
existing conditions, and (3) the need to reduce emissions from the agricultural sec-
tor as a whole, while ensuring growth in the sector. These changes strongly high-
light the need to consider the heterogeneity of impacts and to understand the
implications of decision-making under uncertainty. They also point to the increased
value of an expanded set of technological and institutional options to deal with both
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heterogeneity and uncertainty, and particularly to the increased value of flexibility
broadly understood.

To set the framework, we began by viewing CSA as a welfare optimization prob-
lem. The problem has multiple objectives, namely the four pillars of food security,
food availability, accessibility, utilization, and stability, as well as reducing emissions
growth in the sector as a whole. The problem is also characterized by current con-
straints that bound the feasible outcomes, including bio-physical, behavioral, politi-
cal, institutional and distributional constraints. Achieving better outcomes can occur
by directly increasing food security, for instance by introducing technologies that
increase yields and reduce yield losses in extreme years. Or, better outcomes can be
achieved by relaxing key constraints. We also stress that the nature of the optimiza-
tion, and thus adaptation strategies, are context specific.

Adaptation to climate change may take several forms: innovation and adoption
of new technologies, adoption of existing technologies, temporary or permanent
migration, changes of agricultural activities and trade patterns, and increased range
of attractive and viable insurance products. Adaptation in most cases will also
include addressing institutional failures and constraints such as reducing tenure
insecurity, increasing access to relevant information, and improving the ability to
coordinate actions across a watershed or ecosystem. And, some adaptation strate-
gies will imply a discrete system-level change realized through broad-based struc-
tural transformation. While the solution cannot provide the exact changes in
technologies or institutions that would result in the best outcomes, it can help to
define the characteristics, or principles, associated with improved technologies or
highly effective institutional structures and mechanisms.

Finally, we highlight that the solution to the social planner’s problem for climate
change must balance adaptation and responsiveness to uncertain climate change
with the needed growth and food security objectives of the agricultural sector.
Weighting the multiple objectives is essentially a political process.
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