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Food systems, from the local to the global, face a complex set of challenges in the twenty-first cen-
tury. As recognized in the latest round of the United National Framework Convention on Climate 
Change talks, it is clear that global targets for mitigating greenhouse gas emissions cannot be met 
without major alterations to agriculture and supply chains. At the same time, these systems must 
adapt to changing and uncertain climatic conditions. Across national and international agendas, 
agriculture plays a further central role in achieving food security, driving economic growth, alle-
viating poverty, and sustaining ecological functions and services. In reality, food and agriculture 
intersect with every one of the UN sustainable development goals (SDGs), underlining growing 
global concern for, sometimes highly contested debate over, sustainability in food systems.

It is in food systems, perhaps more than anywhere else, that we have the clearest illustrations 
of the contemporary realities of climate change. If evidence were needed that the challenges of a 
changing climate are not just those of the future, but of today, then, recent food price shocks, crop 
failures, and famine crises should suffice (FSIN, 2017). These events are not, of course, determined 
by weather alone, but are the manifestation of complex and cross-scale social, political, economic, 
and ecological processes, and should serve as a warning against simple and deterministic interpreta-
tions of contemporary food systems. Grappling with these complex issues is essential, if we are 
to understand how climate change contributes toward risks to the food system, thereby enabling 
targeted coordination of policies within and across governments.

In this short paper, we briefly discuss the burgeoning approach of climate-smart agriculture, 
which seeks to integrate complex issues and set out a direction for change in contemporary systems. 
Only broad systemic perspectives, as advocated and advanced in this journal section, positions us 
(as a broad and diverse academic community) to engage with the grand challenges of providing 
healthy diets for a growing population, avoiding unsustainable land use change, and adapting to and 
mitigating climate change. The primary aim of this piece is, therefore, to set out our call for journal 
contributions from interdisciplinary, cross-scalar, and systemic approaches to the goal of designing 
climate-smart food systems. We argue here that these designs include and necessarily transcend 
climate-smart agriculture.

the cOnteXt: FOOd SecUrity, cliMate chanGe,  
and the SdGs

Feeding the human population sustainably has become an increasing challenge as global populations 
grow and resources remain finite. Much-cited projections have suggested that the global population 
will reach 9.6 billion by 2050 (UNDESA, 2013), and this has been the basis for claims that food 
production must increase by 70% globally and by 100% in low-income countries (compared with 
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2000 levels) in response (Godfray et al., 2010; FAO, 2011). These 
are targets which, for most crops in most regions, we are fall-
ing short of on current projections (Ray et al., 2013). While this 
seemingly justifies investment in crop improvements and inten-
sification, such techno-centric narratives should be accepted with 
caution (Tomlinson, 2013). Meeting the SDGs for food security 
means not only producing more food but also addressing both 
under- and over-consumption. Chronic undernourishment and 
micro nutrient deficiencies affect over 800 million people, pre-
dominantly in low-income countries (FAO, 2017), while obesity 
and dietary-related disease (type II diabetes and coronary heart 
disease) are on the increase almost universally (World Health 
Organization, 2009; FAO, 2017). Meeting SDGs, therefore, means 
not only tackling food availability but also developing new solu-
tions and approaches to addressing unequal distribution and 
access to food, changing dietary trends (Tilman and Clark, 2014) 
and enabling people to utilize food in safe and nutritious ways.

The challenges posed by climate change are as multifaceted as 
those facing food systems. Climate change is broadly expected 
to further constrain productivity in the tropics (i.e., those 
regions where low income countries are predominantly located) 
(Challinor et al., 2014). It has long been known that increasing 
climatic variability across space and time, the shifting of rainfall 
and temperature patterns and increasing frequency of climatic 
extremes pose challenges for food production. While the yield-
enhancing effect of CO2 fertilization might be one cause for 
optimism, this effect interacts with temperature, water, nitrogen, 
and ozone in ways that are not fully predictable; and, further, CO2 
is likely to increase the distribution and competitiveness invasive 
weeds (Porter et  al., 2014). Climate projections are associated 
with noisy signals and, in many cases, uncertainty. Even the 
pathways by which climate impacts materialize are not yet fully 
understood, in part because of the complex nature of transbound-
ary climate risk within and beyond food systems (Challinor et al., 
2017a). Such uncertain and unstable weather patterns justify a 
focus on building resilience in our food production and supply 
chains, but such attempts must look beyond narrowly conceived 
metrics of productivity, and engage with questions of efficiency, 
diversity, communication, and governance.

Agriculture, forestry, and land use contribute up to 25% of 
global anthropogenic greenhouse gas emissions (Smith et  al., 
2014) with additional emissions in the food sector coming from 
processing and distribution. Livestock production accounts for a 
particularly large proportion of these emissions [14.5% of global 
emissions (Ripple et al., 2014)] and has, therefore, become a par-
ticular focus for mitigation (Smith et al., 2008). Political will and 
recognition of the need to address the footprint of agriculture has 
grown with the signing of the Paris Agreement in 2016. Limiting 
warming to 2 or 1.5°C means not only increasing productivity and 
increasing resilience without increasing emissions; but that emis-
sions must actually fall, and by significant amounts (Peters et al., 
2013; Millar et al., 2017). A recent analysis by Wollenberg et al. 
(2016) suggests that plausible agricultural development pathways 
are likely to deliver only 21–40% of the mitigation demanded by 
the Paris agreement to limit global temperature rises to 2°C. Novel 
thinking and new technologies and techniques alongside returns 
to traditional/extensive systems that draw on local ecological 

knowledge will need urgently to be developed within a supportive 
policy framework if we are to achieve the changes required.

Despite the urgency of the climate-smart agenda, we must be 
careful not to reduce the priorities of the agriculture and food 
system to providing food and reducing emissions. Nor is climate 
change the only context in which food systems operates. The 
food system must contribute to broader SDGs such that societal 
needs are met and environmental limits avoided at scales that 
range from the global to the individual household; contribut-
ing to achieving gender equality, improving health, sustainable 
use and access to water, meeting energy needs, and conserving 
biodiversity, and more.

The market, investment, and political contexts that shape 
our agriculture and food systems present both opportunities 
and barriers to a transition to climate-smart food systems. 
The global shift toward food supply chains that are centralized 
around large supermarkets and the uneven liberalization of mar-
kets through removal of tariffs is creating a competitive market 
and fluctuating farm-gate commodity prices that disadvantage 
the small-scale resource constrained producer (Hazell et  al., 
2010). Reduced state budgets for investment in agricultural 
innovation have seen a growing role for the private sector in 
international agricultural development, with an associated shift 
in emphasis toward research and development of impact-at-scale 
and state-of-the-art agro-technologies and, in some contexts, 
a loss of extension services (Sumberg and Thompson, 2012; 
Brooks, 2015). Moreover, land constraints, driven by population 
growth and limits to the expansion of agricultural land globally, 
are compounded in some contexts by large international land 
acquisitions (land grabs) and inequalities in rights and access to 
land (Borras and Franco, 2012).

SUStainaBle intenSiFicatiOn, cSa, 
and the eVOlUtiOn OF cOnceptS

In agriculture, as elsewhere, popular discourse has a limited 
shelf-life, as a combination of critique and theoretical evolution 
drive us to adopt new terminology to describe our ambitions 
and visions for agricultural development. The language of “green 
revolution” of the 1960s and 1970s, through the participatory and 
environmental movements of the 1980s and 1990s, came to be 
associated with negative ecological consequences (Pingali and 
Rosegrant, 1994), and as attention turned to seeing production 
growth in Africa a new discourse of “sustainable intensification” 
became popularized in the 1990s (Pretty et  al., 2011). Perhaps 
reflecting the growing prominence of climate change within 
environmental agendas, as well as need for attention to be paid 
to the adaptive capacities within agricultural production to envi-
ronmental change, the paradigm of “climate smart agriculture” 
(brought into popular use by the UN FAO in 2010) has become the 
well-established usurper of its predecessors. Climate smart agri-
culture is defined as an approach that simultaneously focuses on, 
or achieves, increases in agricultural yields, improved resilience 
or adaptation to climatic changes and variability, and reductions 
in agricultural greenhouse gas emissions (Lal et al., 2011; Lipper 
et al., 2014). These three pillars of climate-smart agriculture are 

http://www.frontiersin.org/Sustainable_Food_Systems
http://www.frontiersin.org
http://www.frontiersin.org/Sustainable_Food_Systems/archive


3

Whitfield et al. Outlining the Research Space

Frontiers in Sustainable Food Systems | www.frontiersin.org January 2018 | Volume 2 | Article 2

now well established and have driven major research agendas 
including that of the CGIAR.1

In application, climate smart agriculture tends to place 
emphasis on new technologies and techniques, such as improved 
seed varieties, conservation agriculture, alternate wetting and 
drying rice production, precision fertilizer, etc., all of which have 
histories that long precede the adoption of the CSA label. Notably, 
these technologies do not fit exclusively to one or other end of 
the extensification–intensification spectrum, and in many cases 
are platforms or suites of practice, which (at least, at a rhetorical 
level) are to be adapted to context rather than universally pre-
scribed. It is important to note too that CSA, as described and 
advocated by the FAO and the CGIAR represents an agenda that 
is not limited to agricultural technologies, but includes climate 
services, cooperative governance structures, data processing, 
and information/education. Such broad conceptualizations of 
CSA come in for both praise and criticism; a persistent tension 
between the value of holistic, non-prescriptive approach, and the 
dangers of catch-all buzz-word that is used to capture investment 
and justify questionable agendas, e.g., of international donors or 
agri-tech multinationals.

Because, under CSA, combinations of practice are coupled 
with combinations of objectives, and because of the diverse 
agro-ecological conditions under which complex technologies 
are advocated and applied, the scope for research and evidence-
building is limitless. Conservation agriculture is a good case in 
point. Extensive literature on controlled trials of yields, soil prop-
erties, pests, under different management, water regimes, soils, 
and more [for example, see Thierfelder et al. (2015), for a recent 
review of studies on conservation agriculture in southern Africa] 
and on-farm studies of burdens on labor, resources, household 
capitals [for example, see Andersson and D’souza (2014) for a 
review of socioeconomic studies of conservation agriculutre 
adoption] have all contributed to, but far from resolved, questions 
about what forms of conservation agriculture work, for whom, 
and under what circumstances. Moreover, in evaluating CSA, 
we often lack clear metrics of success: can a yield increase that 
contributes little to greenhouse gas mitigation, or an overall emis-
sions reduction that reduces water use efficiency be considered 
“climate smart”? Should we give more weight to one priority 
over the others? Perhaps inevitably, the evidence base for CSA 
technologies has lagged behind their promotion and advocacy, 
sometimes resulting in unmet expectations and criticisms of the 
CSA concept (Whitfield, 2015; Newell and Taylor, 2018).

BeyOnd cSa: trade-OFFS and 
SUStainaBility in aGricUltUre  
and FOOd

There is of course a potential mismatch between the complex con-
text and multifaceted priorities for agriculture and food systems 
set out at the beginning of this paper and the three-pillar win-
win-win language of climate smart agriculture. Some authors have 
recognized the tendency in adopting CSA language to also adopt 

1 e.g., https://ccafs.cgiar.org/climate-smart-agriculture.

a concept of sustainability that is too narrow; in which issues of 
water, biodiversity, social equity, livelihoods become peripheral 
(Neufeldt et al., 2013), with the potential that trade-offs in these 
“extra” dimensions become overlooked (Whitfield et al., 2015a). 
This is particularly the case when the test bed of our climate 
smart agriculture is limited to the controlled field trial, void of 
the societal, economic, and broader ecological conditions within 
which farmers operate, prioritize, and make decisions.

In research, a CSA lens may risk focusing our attention on the 
field rather than on the cross scale food system, it may cause us 
to miss the environmental and social trade-offs of agricultural 
change that are non-climatic and in doing so might lead to inap-
propriate solutions or even to missed opportunities for sustain-
able development within our food systems. Impressive narratives 
of yield benefits, soil improvements, or water efficiencies might 
drive agendas of scaling-up technologies and the setting of 
ambitious adoption targets, but mask a multiplicity of context or 
system specific costs, trade-offs, or risks (Wesselink et al., 2015; 
Campbell et al., 2016).

In direct response to such concerns, we have begun to see 
the emergence of what is arguably the next discursive wave: 
discussions of climate-smart landscapes, to draw attention to 
integrated landscape managements and functions (Scherr et al., 
2012); nutrition- and climate-smart agriculture, to draw atten-
tion to nutrition as a fourth key priority or pillar (Beuchelt and 
Badstue, 2013); and climate smart food systems, to draw attention 
to the dynamic interconnections across food production, supply, 
and consumption and particularly the role of diets in driving 
agricultural production (Vermeulen et al., 2015). It is the latter of 
these that, because of its broader systemic focus and we adopt as 
an umbrella concept for this new journal section.

the iMpOrtance OF SySteMS 
apprOacheS

A growing body of systems research—“farming systems research” 
(Collinson, 2000; Darnhofer et  al., 2012); agri-food systems 
(Thompson and Scoones, 2009); socio-ecological systems (Folke, 
2006; Young et al., 2006; Lambin and Meyfroidt, 2010); innovation 
systems (Freeman, 1995; Geels, 2004); earth and climate systems 
(IPCC, 2007)—focuses on understanding and modeling the com-
plex processes, thresholds, and feedbacks that define real-world 
systems, in increasingly cross-disciplinary ways. There is good 
reason for the resurgence of systems thinking within agriculture 
and food policy and research (Thompson and Scoones, 2009). In 
addressing the urgent need to build resilient, sustainable, and just 
food systems capable of feeding a growing population, a systems 
approach calls on us to think, for example, about the globally 
interlinked nature of local production, consumption, and waste 
(e.g., through markets and trade); the dependency and impacts 
of food provision on changing ecological and climatic systems 
and services; and the role and movement of knowledge, informa-
tion, and values across nodes of decision making at a variety of 
scales (Darnhofer et al., 2012; Whitfield et al., 2015b). Some of 
these systems link the local to the global (e.g., where agriculture 
is considered as playing a key role in climate change mitigation), 
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individuals to market forces and regulations, and current activi-
ties to future impacts.

Of course, scale is important. The inherent cross scale and 
multi-sited nature of food systems presents methodological chal-
lenges and justifies methodological innovation. Systems research 
has become widely associated with the tools of quantitative 
modeling (Challinor et al., 2007; Thornton et al., 2011), which 
offers an increasingly sophisticated means of capturing and 
simulating system dynamics and exploring scenarios of change. 
Models can have a useful role in scaling out observations and 
principles across space and time, but efforts at doing so must 
always be mediated by questions of appropriate complexity and 
uncertainty (Challinor et al., 2017b).

Building resilient, just, and sustainable food systems requires 
that we also understand those interactions and dynamics that are 
less readily modeled: the ways in which changes in agricultural 
practices are shaped through social interactions and learning 
(Whitfield, 2015); the innovative ways in which people adapt 
within changing environments (Thomas et  al., 2007; Reij and 
Waters-Bayer, 2014); the multifaceted value systems and priori-
ties of individual producers and consumers (Lusk and Briggeman, 
2009); and more.

Clearly, addressing cross-system and multi-scale synergies 
and trade-offs must involve multiple disciplines interacting in 
iterative ways. Trial-station agronomy and soil science, landscape 
ecological and hydrological studies, and studies of production, 
livelihoods, trade, and consumption from the social sciences, 
humanities, health and nutrition science, economics and busi-
ness studies, can all offer important insight into the complex 
and place-dependent realities of agriculture and food systems. 
Climate and climate impacts models, and the coupling of market, 
hydrology, ecology, and other models can help us to investigate 
processes across contexts and scales. In doing so, those place-
based and model-based studies alike have much to gain from the 
insight and data that are offered by the other. This, all, potentially 
contributes to an evidence base with application for, but also that 
must be considered critically in the context of, decision-making 
and political contexts.

SettinG OUt a reSearch aGenda

We argue that climate-smart food systems research, in drawing 
together multiple disciplines, should be centered around, and 
be at the service of, key questions and challenges for our food 
systems. It is problem-based inter- and multidisciplinarity, 
not discipline-centered collaboration that solves this sort of 
challenge (Robinson, 2008). Reflecting the discussion laid out 
above, the questions that will be at the core of the Climate Smart 
Food Systems section of Frontiers in Sustainable Food Systems 
include:

•	 What is climate smartness and how do we measure it?
•	 What are the social and economic impacts of climate smart 

agriculture?
•	 What trade-offs emerge from climate-smart practices, and at 

what levels do we consider trade-offs to be safe and just?
•	 How do theory-based climate-smart actions differ across 

spatial scale? What are the theoretical and practical feasibility 
and consequences of scaling up actions within and across 
systems?

•	 Which climate-smart actions are feasible? In which systems 
and at which scales is climate smartness evident?

•	 How can diet choices contribute to the climate smartness of 
the food system in the long term?

Tackling these questions will not be easy and as researchers 
we should not shy away from attempts to innovate or venture 
outside of our disciplines, nor should we be put off by the pros-
pect that such attempts might fail or expose ourselves to uncom-
fortable debate. The question of how to achieve climate smart 
food systems has no simple answers. This journal itself should, 
we believe, become a space for the furthering of considered and 
challenging academic conversation.
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