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Abstract

Agriculture is considered to be “climate-smart” when it contributes to increasing food security, adaptation and mitigation
in a sustainable way. This new concept now dominates current discussions in agricultural development because of its
capacity to unite the agendas of the agriculture, development and climate change communities under one brand. In
this opinion piece authored by scientists from a variety of international agricultural and climate research communities,
we argue that the concept needs to be evaluated critically because the relationship between the three dimensions is
poorly understood, such that practically any improved agricultural practice can be considered climate-smart. This lack of
clarity may have contributed to the broad appeal of the concept. From the understanding that we must hold ourselves
accountable to demonstrably better meet human needs in the short and long term within foreseeable local and
planetary limits, we develop a conceptualization of climate-smart agriculture as agriculture that can be shown to bring
us closer to safe operating spaces for agricultural and food systems across spatial and temporal scales. Improvements in
the management of agricultural systems that bring us significantly closer to safe operating spaces will require
transformations in governance and use of our natural resources, underpinned by enabling political, social and economic
conditions beyond incremental changes. Establishing scientifically credible indicators and metrics of long-term safe
operating spaces in the context of a changing climate and growing social-ecological challenges is critical to creating the
societal demand and political will required to motivate deep transformations. Answering questions on how the needed
transformational change can be achieved will require actively setting and testing hypotheses to refine and characterize
our concepts of safer spaces for social-ecological systems across scales. This effort will demand prioritizing key areas of
innovation, such as (1) improved adaptive management and governance of social-ecological systems;
(2) development of meaningful and relevant integrated indicators of social-ecological systems; (3) gathering of quality
integrated data, information, knowledge and analytical tools for improved models and scenarios in time frames and at
scales relevant for decision-making; and (4) establishment of legitimate and empowered science policy dialogues on
local to international scales to facilitate decision making informed by metrics and indicators of safe operating spaces.
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Introduction: history of the concept of climate-smart
agriculture
If trends in human diet and waste in food systems remain
unchecked, food production would have to increase by
about 70% to feed an estimated 9 billion people by 2050,
with unprecedented consequences for the environment
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and society. The food price spikes of recent years have
reinforced awareness of obvious links between political and
economic stability and food security. As a consequence,
agricultural development is now the focus of renewed at-
tention in both the research and policy communities. In
describing tensions between maximizing global agricultural
productivity, increasing resilience of agricultural systems in
the face of climate change and mitigating greenhouse gas
(GHG) emissions from agriculture, the term climate-smart
agricultural development was first used in 2009 [1,2]. A
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year later, at the First Global Conference on Agriculture,
Food Security and Climate Change at the Hague, the con-
cept of climate-smart agriculture (CSA) was presented and
defined as agriculture that “sustainably increases productiv-
ity, enhances resilience, reduces/removes greenhouse gas
emissions, and enhances achievement of national food se-
curity and development goals” [3]. This definition repre-
sented an attempt to set a global agenda for investments in
agricultural research and innovation, joining the agricul-
ture, development and climate change communities under
a common brand.
Drawing on this original framing, CSA has been applied

to diverse aspects of agriculture, ranging from field-scale
agricultural practices to food supply chains and food sys-
tems generally. Beyond agricultural practices and out-
comes, a wide array of institutions, policies, finance, safety
nets, capacity-building and assessment have all been identi-
fied as enabling CSA. Following the Second Global Confer-
ence on Agriculture, Food Security and Climate Change in
Hanoi in 2012, the recently published Climate-Smart Agri-
culture Sourcebook further advanced the concept with the
intention of benefiting primarily smallholder farmers and
vulnerable people in developing countries [4].
Building on this brief outline of the concept, in this

article we first lay out major implications and shortcom-
ings of what CSA means in practice. We then describe the
challenges we are facing in assessing our trajectories to-
ward long-term safe operating spaces of social-ecological
systems for humanity within planetary and local boundar-
ies and suggest an agenda for immediate action required to
step up to meet the challenges.

Climate-smart agriculture encompasses virtually
any agricultural practice
Although in principle only agricultural practices that en-
compass all components of CSA should be branded as
“climate-smart,” the term has been used very liberally
because it is unclear how the different dimensions interact.
Therefore, virtually any agricultural practice that improves
productivity or the efficient use of scarce resources can be
considered climate-smart because of the potential benefits
with regard to food security, even if no direct measures
are taken to counter detrimental climate effects. In
addition, virtually any agricultural practice that reduces ex-
posure, sensitivity or vulnerability to climate variability or
change (for example, water harvesting, terracing, mulching,
drought-tolerant crops, index insurances, communal ac-
tions) are also climate-smart because they enhance farmers’
ability to cope with weather extremes. Likewise, agricultural
practices that sequester carbon from the atmosphere (for
example, agroforestry, minimum tillage), reduce agricul-
tural emissions (for example, manure management,
biogas plants, reduced conversion of forests and rangeland)
or improve resource use efficiency (for example, higher
productivity crop and livestock breeds, improved crop
management and animal husbandry) can all be consid-
ered climate-smart because they contribute to slowing
the rate of climate change. CSA has been a powerful con-
cept to direct a focus on the climate change–agriculture
nexus and has united the agriculture, climate change and
development communities under one brand. Almost any
agricultural practice or outcome currently qualifies as
climate-smart, however, suggesting that CSA is a triple-
win for all without regrets, losers and trade-offs. Thus,
CSA can easily be appropriated for a wide range of even
conflicting agendas.

What climate-smart agriculture fails to encompass
By recognizing links between our choices in agricultural
systems and outcomes related to food systems in human
dimensions, the incorporation of food security as an im-
perative for CSA differentiates it from concepts such as
sustainable intensification [5] and ecoefficiency [6]. Bal-
ancing priorities at the intersections of food security,
adaptation and mitigation, however, always occurs in the
context of region-specific conditions and cultures. Why
should resource-poor farmers invest in agricultural prac-
tices that may reduce emissions if there are few if any
immediate benefits related to food or water security?
(“It’s hard to be green when you are in the red.”) CSA, as
currently conceived and implemented, fails entirely to
recognize different actors, incentives and interactions be-
tween different (but related) provisioning demands for
food, water, energy, materials and ecosystem services.
Furthermore, the concept of CSA fails to consider pos-

sible impacts of agriculture on other ecosystem services,
biodiversity conservation and broader social, political and
cultural dynamics. Reducing GHG emissions or improving
resilience may not always result in the best natural re-
source management outcomes if consequences include
biodiversity loss, degradation of cultural heritage, increased
social inequity or long-term ecosystem instability [7].
Finally, CSA has been defined to focus exclusively in

developing countries because national food security and
development goals have been implicitly and incorrectly
understood as issues of importance only in the develop-
ing world [3]. This focus has engendered opposition
from those who fear that some developed countries may
insist on mitigation of agricultural GHG emissions as a
condition of continued development aid. Food security,
nutritional security and nutritional health are obviously not
limited to the developing world; there is also a widespread
prevalence of food insecurity in high-income countries,
where there are different, but overlapping, policy, govern-
ance and technical challenges [8]. With regard to the recent
focus on smallholder farmers [4], the policy dialogue about
CSA now systematically overlooks any impacts and oppor-
tunities connected to innovations and implications of
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large-scale agricultural practices for and in food systems in
both developing and developed country contexts, further
reducing the utility of the CSA framework.
In summary, the current framing of CSA gives no spe-

cific direction, no new science agenda, no ability to negoti-
ate and prioritize contentious and conflicting agendas and
no compelling reason to increase or shift investment, des-
pite the monumental importance of these challenges in the
coming decades. In fact, current agricultural practices are
neither smart nor dumb. Our current agricultural and food
systems are simply the manifestations of political, bio-
physical, socioeconomic and other influences that lead
to sustainable or unsustainable outcomes, depending on
the perspectives, scales, valuations of trade-offs and time
frames considered. In the aggregate, however, our current
systems fall well outside any defensible concept of long-
term safe operating space considered in human and/or
environmental terms [9,10]. Without radical interven-
tions and innovations to curb fundamentally extractive
processes toward the renewal of the resources upon which
agricultural productivity depends, we stand only to slip fur-
ther away [11-14].
This recognition provides a strong mandate for agricul-

tural systems that better meet human and environmental
needs. Although major improvements in food security and
livelihoods through agricultural development have been
achieved, often this has occurred at the expense of nu-
tritional health and environmental sustainability, thereby
eroding the very foundations of our long-term capacity
to care for ourselves. Under current default development
pathways, food systems often arise in such a way that
large populations remain food-insecure while other pop-
ulations begin to suffer from the pathologies of over- or
malnutrition. Although equity issues dictate clear differ-
ences in responsibilities between developed and develop-
ing countries, agricultural systems that will lead to the
desired outcomes of improved food security and dietary
health remain common goals for our global community.
Recent reportsa have set forth specific principles and

recommendations to improve the sustainability of agri-
culture and food systems that explicitly address various
threats, including that of climate change [15]. None of
these reports, however, moved beyond incremental im-
provements to specify in any detail a future state in which
we commit ourselves to a food-secure world within planet-
ary or local boundaries over the short or long term. Re-
cently, the Commission on Sustainable Agriculture and
Climate Change synthesized a vast array of literature
on agriculture, food systems, food and nutritional se-
curity, dietary health, adaptation to climate change and
mitigation of agricultural GHG emissions into a series of
recommended policy actions [10,16]. In its report, the
commission extended the concept of “safe operating
space” beyond the original framing, which focused on
biophysical attributes of the planet, to include social-
ecological systems related to human welfare, agriculture
and food security [9,10,17].
In our view, a safe operating space for agricultural and

food systems represents a set of conditions that demon-
strably better meets human needs in the short and long
term within foreseeable local and planetary limits and
holds ourselves accountable for outcomes across temporal
and spatial scales. In our view, agriculture and food sys-
tems are climate-smart when it can be shown that they
bring us closer to safe operating spaces.
Although well-intentioned and potentially costly, the

current mode of incremental improvement may still fall
well short of achieving safer spaces. For instance, some
argue that we are already able to produce enough food
to feed a worldwide human population of 9 billion, espe-
cially under scenarios of improved dietary health, reduced
waste and loss and diversified, intensified production sys-
tems [18]. Although this view is valid and important,
we still do not know whether, even after such major shifts,
our food systems would be in long-term balance with our
natural resources base. Along the way, we may cross tip-
ping points that demarcate permanent transitions to new
states that will become apparent only when it is too late to
turn back.
Improvements in the management of agricultural sys-

tems that bring us significantly closer to safe operating
spaces (however we learn to define these conditions) will
require transformational changes in governance, manage-
ment and use of our natural resources that are underpinned
by enabling political, social and economic conditions. This
is a major challenge in itself, considering that invest-
ments in agricultural development have often yielded unin-
tended detrimental social and environmental consequences
on various spatial and temporal scales [19,20].
As a coordinated international attempt to address such

issues, Rio+20 member states recently reaffirmed in the
outcome document “The Future We Want” their com-
mitments regarding “the right of everyone to have access
to safe, sufficient and nutritious food” [21]. India and
Mexico, for example, have moved to enshrine the right to
food in law and are seeking means by which to imple-
ment such policy effectively [22,23]. Although the recog-
nition of a human right to food security places human
welfare and humanitarian values at the center of develop-
ment, the short- and long-term social, economic, political
and environmental effects of such commitments remain
unclear. For instance, how will these efforts affect a “land-
degradation neutral world” that these countries committed
themselves to in the same document?
To answer such a question, we need to have processes

in place that can provide relevant insights into issues
such as the following. Can these more holistic approaches
be integrated into research and development, informing a
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robust representation of conditions on the ground in near
real time and more informative tools looking forward?
Can we integrate approaches and insights derived from
diverse sources to predict, mitigate and innovate regard-
ing food security and nutritional health issues in the face
of climate change? What are the specific boundaries of
safe spaces? How do we deal with ambiguity and uncer-
tainty across scales and priorities? How will we describe
these boundaries and how they move dynamically as the
trajectories of food systems evolve? Can we identify syn-
ergistic, transformational changes that may vault us to
more stable and secure food systems across scales? What
governance mechanisms are needed to ensure that the
benefits and costs of well-grounded choices and their posi-
tive and negative consequences are shared as equitably as
possible? How will we know whether our collective invest-
ments in the future are bringing us closer to safer spaces?
Can we reach a condition which we can objectively defend
as a safer space at any scale before reaching critical tipping
points and thresholds in Earth and human systems? How
will we know whether the changes are sufficiently bold so
that, by the middle of this century, we can avoid the recog-
nition we now face with virtual certainty that our best in-
tentions simply have not been good enough?

What should we do now in research?
Finding adequate responses to questions such as those in
the preceding paragraph, as well as many more connected
to reaching long-term safer spaces as our collective target,
will require transformational changes in our commitment
toward the future we want across all of society, including
our science agenda. It means changing how we fund and
evaluate agricultural research, how we evaluate agricultural
practices and how we describe relevant parameters of hu-
man conditions linked to our choices in agriculture, nat-
ural resources management and food systems.
To develop an operational characterization of the safer

operating spaces, working definitions of food security,
resilience and mitigation are essential. It is also essential
that these concepts are defined across the stakeholder
dimension in addition to the spatial and temporal dimen-
sions, as preferences and priorities vary significantly across
institutional structures. The operational viability CSA is
dependent on the resolution of these barriers (definitions
and synthesis across scales) and a correct representation of
trade-offs that truly informs decision-makers. The science
agenda for the 21st century must improve our ability to
recognize and achieve long-term safer spaces across scales
for agriculture and food systems. Key areas of innovation
in support of such a science agenda will not be restricted
to, but will include:

� Discovery, testing and implementation of
mechanisms across scales that allow for adaptive
management and adaptive governance of social-
ecological systems essential for long-term human
provisioning: Adaptive management and governance
will afford the capacity, protocols and processes to
learn from mistakes and successes, including both
anticipated and undesired outcomes.

� Development of integrated metrics of safe space
that are practical and meaningful for decision-
making by relevant communities in near real time:
Indicators, proxies and other attributes of
agricultural social-ecological systems that provide
relevant feedback to stakeholders are required to
monitor, evaluate and appraise changes in systems
over space and in time, allowing for better
decision-making and providing milestones for
adaptive management.

� Systematic gathering and integration of quality data
and information to generate knowledge in time
frames and at scales relevant for decision-making
through analytical tools, models and scenarios:
Describing the consequences of our provisioning
demands and choices in human and ecological terms
requires the integration of high-quality data into
knowledge for improved decision-making that will
increasingly be collected, filtered, analyzed and
interpreted by using automated self-learning
algorithms to transform the vast amounts of data
into useful information. Drawing on technological
and computation innovations already in place as
well as implementing strategic funding investments
would help to bridge the gap between the
developing and developed scientific communities.

� Establishment of legitimate and empowered science
policy dialogues that frame post–disciplinary science
agendas on local, national and international scales:
Dialogues and roundtables between relevant
stakeholders that scientifically test decisions at the
interface of diverging interests of business,
environment and civil constituencies in often
contentious topical areas can improve outcomes and
help identify scientifically credible interpretations of
long-term safe operating spaces in the context of a
changing climate and growing environmental and
societal changes.

Shifting our agricultural and food systems toward de-
velopment trajectories that with greater certainty can be
defined as safe is what we understand as being truly
climate-smart. Although the areas of innovation described
above will not take us to safer spaces for humanity without
massive investments in sustainable natural resource man-
agement, a transformation of global food systems and am-
bitious low emissions development pathways, they will
improve our ability to predict whether our investments in
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future agricultural and food systems can be considered
climate-smart with greater certainty.
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