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Abstract: Although the transition to industrial agriculture in the 20th century resulted in increased
agricultural productivity and efficiency, the attainment of global food security continues to be
elusive. Current and anticipated impacts of climate change on the agricultural sector are likely to
exacerbate the incidence of food insecurity. In recent years, climate-smart agriculture has gained
recognition as a mechanism that has the potential to contribute to the attainment of food security
and also enhance climate change mitigation and adaptation. However, several conceptual and
implementation shortfalls have limited the widespread adoption of this innovative agricultural
system at the landscape scale. This manuscript argues for the use of ecosystem management as an
overarching framework for the conceptualization and implementation of climate-smart agriculture.
The manuscript focuses on clarifying the foundational assumptions and management goals, as well
as the knowledge and institutional requirements of climate-smart agriculture using the principles of
ecosystem management. Potential challenges that may be faced by the application of an ecosystem
management approach to climate-smart agriculture are also discussed. Furthermore, the manuscript
calls for a heightened focus on social equity in the transition toward an ecosystem-based approach
to climate-smart agriculture. The US farm bill is used as an illustrative case study along with other
examples drawn mostly from sub-Saharan Africa.

Keywords: adaptive governance; adaptive management; agroforestry; climate change; ecosystem
services; food security; integrated resource management; resilience; social–ecological systems;
sustainable agriculture

“A land ethic, then, reflects the existence of an ecological conscience, and this in turn
reflects a conviction of individual responsibility to the health of the land. Health is
the capacity of the land for self-renewal. Conservation is our effort to understand and
preserve this capacity.”

([1], p. 258)

1. Introduction

The transition from traditional to industrial agriculture in the 20th century was largely
motivated by the pursuit of short-term economic goals, including efficiency in produc-
tion mechanisms and maximization of output. These goals were pursued by promoting
large-scale farming, monocropping, farm mechanization, and the widespread use of agri-
chemicals [2–5]. Despite the short-term gains, in recent years, it has been revealed that there
are shortfalls of industrial agriculture, including adverse impacts on water quality and
quantity, high consumption of fossil fuels, contributions to emissions of greenhouse gases
(GHGs), displacement of farm families, disruption of rural communities, and threats to
biodiversity and food security [4,6–8]. According to the Food and Agriculture Organization
(FAO), food security is said to exist when all people, at all times, have physical, social,
and economic access to sufficient, safe, and nutritious food to meet their dietary needs
and food preferences for an active, healthy life [9]. Food security is a multi-dimensional
concept, comprising availability, the stability of supply, access, and utilization [10]. While
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industrial agriculture has enhanced food supply, food security is influenced more by the
socio-political processes that influence access [11–13].

Since the 1980s, a paradigm shift toward sustainable forms of agriculture has been
occuring in the US and other industrialized countries that seeks to overcome the shortfalls
of industrial agriculture [4,14]; although, this has yet to reflect on the ground in terms
of production. The emergence of sustainable agriculture is part of the broader societal
transition toward sustainable development [4]. Sustainable agriculture seeks to produce ad-
equate amounts of high-quality food while being profitable and environmentally safe [14].
According to reference [2], sustainable agricultural systems are characterized by the use of
socially responsible, economically viable, and environmentally sound practices that also
address the needs of future generations. Sustainable agriculture captures several attributes,
including the joint production of food and other ecosystem services, minimum use of
off-farm inputs, utilization of renewable sources of energy, reliance on biological processes
for pest management, crop rotation, and a diversity of crops and livestock [4,15]. Expected
benefits of sustainable agriculture include energy efficiency, soil and water conservation,
reduced risk of failure, low production cost, as well as enhanced social justice and equity
through participatory and social learning processes [3,14,15]. However, policies and re-
search on sustainable agriculture, particularly those focused on organic agriculture, often
adopt a micro-level approach focusing on farmers and the farm, thus failing to account for
interactions across the multiple scales and sectors that influence agriculture [2,16,17]. In
the US, for instance, the implementation of the Low Input Sustainable Agriculture program
(LISA) aimed at reducing farmers’ dependence on external farm inputs, as well as enhanc-
ing farm profitability and enironmental conservation. However, the focus was largely
on the farm level [2], and it is only in recent decades that US agricultural policies have
broadened to explicitly consider landscape-scale issues. Additionally, the implementation
of sustainable agricultural programs could lead to unintended adverse consequences if
potential synergies and trade-offs are not adequately considered [16,18].

In view of the shortfalls of sustainable agriculture, the complexity of agricultural
systems and the need to build adaptive capacity to withstand the impacts of drivers of
change, such as climate change impacts, while providing multiple ecosystem services for
the long-term benefit of humans and the environment has been gaining interest among
researchers and policymakers [6,13,17]. Resilience-based management of agricultural
systems calls for the conceptualization of agricultural systems as dynamic and complex
social–ecological systems subject to influences and surprises across multiple scales [19,20].
Managing for enhanced resilience in agricultural systems also requires integrated decision
making to identify synergies and trade-offs, the use of multi-disciplinary approaches, and
multi-level governance mechanisms that promote vertical and horizontal linkages among
diverse stakeholders [21,22]. These insights appear to have given rise to the emergence
of climate-smart agriculture, an emerging concept that aims at enhancing productivity
in agricultural systems, while also promoting climate change mitigation and adaptation
efforts [23]. While climate-smart agriculture is a promising mechanism for enhancing
sustainability in agricultural systems, the implementation of this innovation has been ham-
pered by ambiguities regarding its conceptual scope and institutional mechanisms [24,25].
These ambiguities have sometimes blurred the distinction between climate-smart agricul-
ture and the conventional industrial, agricultural model [26]. If climate-smart agriculture is
to achieve its true potential as a means for facilitating “a transition to agriculture and food
systems that are more productive, more sustainable and more climate-friendly” ([27], p. 2),
then further refinement of the conceptual basis, methodological tools, and implementation
mechanisms is required.

This manuscript proposes the concept of ecosystem management as a promising
framework for the implementation of climate-smart agriculture (Figure 1). Although
significant overlap exists between the literature on ecosystem management and climate-
smart agriculture, the wealth of knowledge accumulated from decades of research and
policy implementation on ecosystem management could contribute to addressing some of
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the current challenges in the climate-smart agriculture literature. The next section of the
manuscript discusses the intersections between climate change and agricultural systems
and the challenges this creates for the attainment of food security. Next, climate-smart
agriculture and its key shortfalls are discussed. Following this, the next two sections discuss
the ecosystem management concept and reflect on how its key attributes could inform
policies to promote climate-smart agricultural systems. The subsequent section highlights
the need for an enhanced focus on social equity in the transition toward climate-smart
agriculture. Following this, the US farm bill is presented as a case study to illustrate the
strategies and challenges entailed in promoting an ecosystem-based approach to climate-
smart agriculture. The last section of the chapter offers concluding remarks on promoting
an ecosystem-based approach to climate-smart agriculture.
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2. Climate Change Impacts on Agricultural Systems

The impacts of climate change on the agricultural sector have been receiving significant
research and policy attention in recent decades [11,28,29]. The Intergovernmental Panel
on Climate Change (IPCC) has recently released a special report estimating that human
activities have contributed about 1.0 ◦C of global warming above pre-industrial levels [30].
The report further projected that if current trends continue, global warming could reach
1.5 ◦C between 2030 and 2052. Human and natural systems are likely to experience
increased climate-related risks from the increase in mean temperature, sea-level rise, heavy
precipitation, and the incidence of drought that will result from these trends in global
warming [30]. Agriculture is “a direct victim of climate impacts” ([31], p. 1), and the
situation is especially so in developing countries where high levels of dependence on
agriculture as a source of livelihood, predominance of rain-fed agricultural systems, and
low adaptive capacities create high levels of vulnerability [11,32–34].

A broad goal of public policy in the agricultural sector at the national and global
levels in recent decades has been the attainment of food security [35]. While food supply
per capita has increased by more than 30% since 1961, the goal of food security remains
elusive, with an estimated 821 million people currently undernourished [36]. Through
increasing temperatures, changing precipitation patterns, and an increase in the frequency
and intensity of floods and drought, climate change is already adversely impacting agricul-
tural productivity and food security, and the situation is expected to worsen with projected
future climate change [23,36]. The impacts of climate change on the agricultural sector
are likely to be compounded by non-climate drivers of change, including the changing



Agronomy 2021, 11, 1564 4 of 19

consumption patterns resulting from increased urbanization, population growth, and rising
income levels [6,8,23,36].

While the impacts of climate change on the agricultural sector have received a lot of
attention, it is also worth noting that agriculture is both a cause and a potential solution
to climate change. The agricultural sector is one of the major contributors to global
warming [4,23]. It has been estimated that crop production and livestock farming activities
contribute 10–12% to GHG emissions, while another 8–10% of emissions come from changes
in land cover, as well as changing land use patterns [36]. Given the challenge of increasing
food production by 50 percent to feed an expected population of almost 10 billion people
by 2050 [31], GHG emissions, as well as other environmental consequences from the
agricultural sector, are likely to increase in the future due to the expansion of livestock and
crop production systems, land cover change, and the increased use of fertilizer, among other
factors [24,33]. Because of these current and future challenges, more innovative mechanisms
are necessary as means for enhancing the sustainability of agricultural systems [6,11]. Such
a shift should also contribute to the realization of the potential of agriculture as a solution
to climate change.

3. Climate-Smart Agriculture

Climate-smart agriculture has recently emerged as a response to the need for agricul-
tural systems that can enhance food security while promoting climate change mitigation
and adaptation efforts [24,29,31]. The FAO proposed the climate-smart agriculture concept
at the Global Conference on Agriculture, Food Security, and Climate Change at The Hague
in 2010 [24,25]. Since then, it has been applied by numerous international organizations
and national governments in dozens of countries around the world [27,29]. Climate-smart
agriculture primarily aims at sustainably managing agricultural systems to attain food
security while also harnessing the potential of the agricultural sector for climate change
mitigation, as well as adaptation to climate change impacts [23]. According to the FAO,
climate-smart agriculture has three interlinked objectives: “sustainably increasing agri-
cultural productivity and incomes; adapting and building resilience to climate change;
reducing and/or removing greenhouse gas emissions, where possible” ([27], p. iv). Climate-
smart agriculture is closely linked with sustainable agriculture, sustainable intensification,
agroecology, and other related concepts [25,29,33]. However, a defining feature of climate-
smart agriculture is its emphasis on analyzing the synergies and trade-offs among food
security, adaptation to climate change impacts, and climate change mitigation [23]. Thus,
climate-smart agriculture promises to achieve simultaneous gains in adaptation, mitigation,
and productivity by maximizing synergies and minimizing or avoiding trade-offs among
the three objectives [24,27].

Although climate-smart agriculture holds promise as a concept for addressing some
of the pressing challenges in the agricultural sector, it has also received several criticisms.
Conceptually, climate-smart agriculture has been critiqued for lacking a precise definition,
making it difficult to decide what kinds of agricultural practices are included or excluded
from the concept. This lack of conceptual clarity makes climate-smart agriculture suscep-
tible to being co-opted by industrial, agricultural interests for purposes that depart from
the intended goals of the concept [26]. Closely related to the point above, the literature on
climate-smart agriculture has also been critiqued for the lack of clarity on the interactions
among the three objectives, thus often resulting in the implementation of projects that focus
on one objective to the neglect of the others [24,25]. Another major criticism is that the
implementation of climate-smart agricultural initiatives has often focused on the farm, with
little attention being devoted to developing mechanisms for implementing the concept
at the landscape scale [29]. Given the site-specific focus of current climate-smart agricul-
tural initiatives, program implementation processes often fail to include stakeholders from
relevant sectors, such as food, energy, and water; management goals rarely consider the
impacts of agriculture on other ecosystem services [24]. Finally, climate-smart agriculture
has also been critiqued for adopting a business-as-usual approach that embraces most of
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the attributes of industrial agriculture, such as the high dependence on agrichemicals and
other external farm inputs, as well as its reliance on the global market system [25,26]. The
next section of the chapter draws from the literature on ecosystem management to address
some of these limitations.

4. Resilience and Ecosystem-Based Management

Over the last several decades, the dominant paradigm for resource management
has been evolving from an emphasis on maximum sustained yield toward ecosystem
management [37–39]. Based on the assumption that ecosystems fluctuate predictably
around a single equilibrium, resource managers in the era of sustained yield resource
management sought to control the natural variation in ecosystems to ensure efficiency
and predictability in the supply of a few economically valuable commodities [40–43]. The
reduction in diversity and loss of resilience resulting from such management practices have
led to the collapse of ecosystems [40,44].

Since the 1970s, new perspectives have emerged about ecosystem dynamics and the
relationship between humans and nature. Contrary to older assumptions about the stability
of ecosystems near a single equilibrium, an alternative perspective that conceptualizes
social and ecological systems as dynamic and inter-dependent social–ecological systems
that are characterized by multiple stable equilibria is increasingly being embraced [42,45].
Social–ecological systems demonstrate the features of complex adaptive systems, including
nonlinearity, path dependence, emergence, heterogeneity, surprise, thresholds, and scale
sensitivity, and this presents challenges for the attainment of conventional management
goals [46,47]. The concept of resilience has been proposed as an appropriate goal for
managing social–ecological systems [48]. Based on the work of [49], resilience in ecosystems
refers to the magnitude of disturbance a system can absorb before it changes its structure
and functions [40]. The broader concept of social–ecological resilience has three interrelated
meanings: the amount of shock the system can absorb while remaining in a given state; the
capacity of the system for self-organization; the extent to which the system can build the
capacity for learning and adaptation [41].

Given the failures associated with the sustained yield resource management paradigm,
the emerging ecological understanding of the complexity of social–ecological systems, as
well as changing societal values, ecosystem management has been receiving attention as a
more useful paradigm for resource management [43,50,51]. Ecosystem management refers
to “an integrated approach to management that considers the entire ecosystem, including
humans, and the full spectrum of ways people use, benefit from, and value nature” ([39],
p. 292). The overall goal of ecosystem management is to sustain the capacity of ecosystems
to provide goods and services on which humans depend even when the ecosystem is facing
change and uncertainty [37]. The key principles of the ecosystem management approach
include recognition of the dynamic interdependence between humans and nature; use of
diverse sources of knowledge; pursuit of integrated management goals; managing at the
landscape scale; promotion of adaptive management processes; utilization of collaborative
institutional mechanisms [39,50,52–54].

5. Ecosystem Management and Climate-Smart Agriculture

The ecosystem management approach has important implications for the pursuit
of climate-smart agricultural policies. However, this potential opportunity has not been
systematically explored in the existing literature. In this section, the key principles of
ecosystem management are elaborated upon and their implications for climate-smart
agriculture are also discussed (Table A1). Potential challenges that are likely to be encoun-
tered in the application of an ecosystem-based management approach to climate-smart
agriculture are also highlighted (Table A2).
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5.1. Embracing the Complexity of Social–Ecological Systems

Ecosystem management is explicitly based on a complex systems perspective that
embraces the dynamic interactions between human societies and ecological systems over
time [54–56]. Social–ecological systems are made up of interdependent parts across mul-
tiple levels, and the cross-scale interactions among various components of the system
leave room for both gradual and abrupt changes [57–59]. For the enhancement of the
sustainability of such complex systems, it requires nurturing the capacity for both adapt-
ability and transformability [43,60]. Whereas adaptability refers to the ability of a system
to deal with drivers of change while maintaining its structures and functions within a
given regime, transformability entails the capacity to create a new system when prevailing
conditions become undesirable [60–62]. Adaptive management is a process for building
social–ecological resilience and reducing vulnerability in ecosystem management pro-
cesses [63]. The adaptive management process is based on the assumption that knowledge
about social–ecological systems will never be complete, and yet, resource management
must proceed [64]. Stemming from this assumption, the aim of adaptive management is to
promote learning as an outcome of the resource management process [65].

In the case of the agricultural sector in particular, the emergence of industrial agri-
culture was underpinned by a static and equilibrium-centered view of ecosystems [20],
as well as a belief in human dominion over nature [3]. However, recent knowledge on
social–ecological systems has revealed that the pursuit of narrow economic benefits in
industrial agriculture without adequate consideration of complexity and uncertainties
increases the risk of social–ecological traps and the likelihood of catastrophic regime shifts
in agricultural systems [19,21,66,67]. Despite these lessons, the literature on climate-smart
agriculture does not appear to embrace the social–ecological systems perspective that
underpins ecosystem management explicitly. In the absence of an explicit emphasis on
complexity thinking, there is the risk that some climate-smart agricultural policies may
be based on assumptions of predictability and simple cause–effect relationships, thus
giving rise to undesirable outcomes [68,69]. Reference [24] has highlighted the need for
climate-smart agricultural initiatives to move beyond current incremental approaches
toward prioritizing adaptive management, as well as building the capacity for transfor-
mational change in the agricultural sector. To enhance success in the application of these
principles in the agricultural sector, it is essential to recognize barriers that have been
identified in the implementation of adaptive management in other contexts, including
inadequate stakeholder engagement, lack of political will on the part of resource managers
and decision makers, lack of prioritization of active experimentation, failure to apply new
knowledge in decision making, lack of appropriate monitoring protocols, as well as lim-
ited funding and personnel [51,63,64,70,71]. The vulnerability of agricultural landscapes
could also present challenges for the implementation of active adaptive management that
entails using the management process as an experiment to test policy hypotheses. In
West Africa, for instance, most farming systems are located in vulnerable regions that are
characterized by aridity and soil infertity problems [34], thus increasing their sensitivity to
climate change. Investments in appropriate infrastructure and the use of the precautionary
principle will, therefore, be needed in the implementation of adaptive management as part
of climate-smart agriculture in such fragile ecosystems.

5.2. Promoting Integrated Management Goals

The integration of social, economic, and ecological interests across multiple scales is
another key feature of the ecosystem management approach [22,38,50,72]. According to
([73], p. 533), the aim of the ecosystem management approach is “to maintain ecosystem
functions . . . in such a way as to meet the social and economic needs of current and future
generations.” This holistic management approach is pursued at the broader landscape
scale using appropriate ecological boundaries that often span multiple land ownership
types and jurisdictions [52,74,75]. Decision making in ecosystem management calls for
mechanisms for coordinating efforts among stakeholders across administrative boundaries
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to identify the synergies and trade-offs that exist among the multiple ecosystem services
that are produced in a given landscape [43,63,73].

Although climate-smart agriculture seeks to enhance farm productivity, as well as cli-
mate change mitigation and adaptation, existing studies indicate that current climate-smart
initiatives largely focus on the farm level [29], and most projects fail to consider all three
objectives simultaneously [24,25]. As such, there is the potential for the implementation of
climate-smart agricultural initiatives to result in unintended adverse consequences. For
instance, a recent analysis of trade-offs among various ecosystem services revealed that
the implementation of agricultural adaptation policies resulted in a decline in freshwater
quality [76]. To avoid such unintended consequences, an ecosystem-based approach to
climate-smart agriculture appears promising as a mechanism for enhancing synergies and
reducing trade-offs among food security, climate change mitigation, and adaption, as well
as other ecosystem services. Potential challenges that are likely to be encountered in such
an integrated management approach include the lack of methodological and analytical
tools for assessing the full range of ecosystem services and analyzing the relationships
among them [43,50] and differences in the philosophies, values, and interests of the diverse
stakeholders that make ecosystem management a wicked problem [63]. These challenges
can be overcome where political will and enabling policies exist for mainstreaming cli-
mate change considerations into existing policies on agriculture and related sectors. In
Ghana, for instance, the National Climate-Smart Agriculture and Food Security Action
Plan (2016–2020) was adopted through the coordinated efforts of the Ministry of Food and
Agriculture and the Ghana Climate Change, Agriculture, and Food Security Science-Policy
Platform [34].

5.3. Developing Diverse Knowledge Systems

Ecosystem management adopts a broad approach to meeting the knowledge require-
ments for sustainably managing the complexity of social–ecological systems by moving
beyond the dominant focus on positivist science toward recognizing diverse systems of
knowledge [43,50,77,78]. In this regard, knowledge generation through various forms of
collaboration among disciplines across the social and ecological sciences is strongly encour-
aged in the science that informs ecosystem management [38,50,79]. Moreover, integrating
local and traditional ecological knowledge with modern science is also seen as essential
in providing a more holistic understanding of ecosystem dynamics [45,78,80]. In recent
years, social learning and knowledge co-production are also being promoted by using
participatory processes in ecosystem management [78,81]. Where conditions are favorable,
the social interaction that occurs within participatory processes could result in a change in
understanding at the collective level and potentially facilitate collective responses to the
impacts of drivers of change [71,82].

The need for integrating diverse systems of knowledge in understanding the complex-
ity of agriculture and food systems has been gaining recognition in recent years [13,20].
Modern agriculture has traditionally been dominated by the use of positivist science [83].
In the classical diffusion model, agricultural innovations are assumed to be developed by
public sector institutions in a centralized manner and then transmitted to farmers who
are treated as passive recipients of the technology [84]. The failures associated with this
top-down technology transfer model have led to a shift toward participatory learning
approaches that actively engage farmers and integrate traditional knowledge in technol-
ogy development [20]. Consistent with these trends, the utilization of a diverse array of
scientific and non-scientific sources of knowledge in climate-smart agricultural initiatives
from an ecosystem management perspective could provide several benefits, including
enhancing the adoption of innovations, such as agroforestry, that could contribute to food
security, in addition to climate change mitigation and adaptation [54]. A recent review
paper on West Africa revealed the existence of valuable indigenous knowledge and farming
techniques, such as planting pits and conservation agriculture that could constitute the
basis for promoting climate-smart agriculture. Planting pits that are widely used in the



Agronomy 2021, 11, 1564 8 of 19

Sahel region, including Mali, Niger, and Burkina Faso, have been found to contribute to
the conservation of soil and water resources while enhancing the yields of crops, such
as sorghum, millet, and maize [34]. However, it must be noted that knowledge integra-
tion in an ecosystem-based approach to climate-smart agriculture is likely to encounter
several hurdles, including differences in worldviews, analytical frameworks, and meth-
ods among disciplines, as well as unequal power relationships and lack of trust among
participants [78,85,86].

5.4. Nurturing Adaptive Governance Mechanisms

The successful realization of the goal of achieving desired social, economic, and ecolog-
ical outcomes across multiple scales in ecosystem management processes requires effective
institutional mechanisms that can connect actors across different levels and sectors [87].
In this regard, multi-level institutions, such as co-management, adaptive co-management,
and adaptive governance, have received attention as useful institutional mechanisms
for ecosystem management [81,88–90]. The concept of co-management, which refers to
the sharing of rights, power, and resource management responsibilities between local
communities and government representatives, emerged as a response to the shortfalls
associated with the reliance on governments, communities, and markets as panaceas in
the resource management process [91,92]. While co-management has the potential to
contribute to the attainment of good governance through enhanced opportunities for
participation, accountability, equity, efficiency, and effectiveness [93,94], it has also been
critiqued for its lack of explicit emphasis on the complexity and uncertainties that are
entailed in ecosystem management [95]. Adaptive co-management integrates theoretical
insights from co-management and adaptive management, thus resulting in an institutional
arrangement that combines the vertical and horizontal linkages of co-management with
the learning attribute of adaptive management [89,91]. However, adaptive co-management
appears more useful in situations that involve building the capacity to respond to the
impacts of drivers of change while remaining within the existing regime [62].

Adaptive governance is increasingly favored as an institutional mechanism for build-
ing the capacity for adaptation and transformation in social–ecological systems, as well as
promoting an integrated management approach in ecosystem management [47,81,96–98].
According to ([99], p. 9), “AG [adaptive governance] is born from the social will to man-
age SESs [social–ecological systems] holistically for either increased resistance to change
or the ability to transform a system to a more desirable state.” Although adaptive gov-
ernance is closely related to adaptive management, the scope of adaptive governance
covers the wider social and governance context within which the ecosystem management
approach is implemented [81,100]. A defining feature of adaptive governance is the use
of analytic deliberation as a decision-making process. Reference ([101], p. 1910) refers
to analytic deliberation as “Well-structured dialogue involving scientists, resource users,
and interested publics, and informed by analysis of key information about environmental
and human-environment systems.” Analytic deliberation represents an alternative to the
use of technical analysis as a means of decision making in conventional resource man-
agement [102]. Analytic deliberation provides a mechanism for reconciling conflicting
stakeholder values and interests, as well as dealing with uncertainties in knowledge, thus
making adaptive governance an effective mechanism for managing wicked problems in
ecosystem management processes [59,103].

With regard to its institutional structure, adaptive governance relies on various institu-
tions that are nested across multiple scales [101]. The multiple centers of decision-making
authority within the nested institutional structure of adaptive governance allows for mak-
ing decisions at the lowest level possible, thereby enhancing the fit between resource
management problems and policy interventions [87]. The diversity of institutions within
adaptive governance systems, such as states, markets, and communities, also minimizes
the likelihood of failure that is associated with the reliance on only one type of institutional
mechanism [104]. In all, this polycentric institutional structure of adaptive governance
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contributes to building resilience through the provision of opportunities for learning and
experimentation, mobilization and sharing of information and resources, and creation of
opportunities for social interaction that could lead to the emergence of social capital for
collective action [105,106].

As part of the turn toward participatory learning approaches and the recognition of
local knowledge in the development and transfer of agricultural technologies, alternative
community-based institutional mechanisms for agricultural research and development
have emerged to facilitate farmer participation [20,107,108]. Moreover, growing recognition
of the complexity of agricultural social–ecological systems has led to calls for the use of
adaptive, multi-level institutional mechanisms in managing agricultural landscapes for en-
hanced resilience [109]. In furthering these trends, embracing adaptive governance as part
of an ecosystem-based approach to climate-smart agriculture could provide an effective
mechanism for connecting diverse actors representing states, markets, and communities
across multiple levels. Reference [107] discusses the potential roles of a diverse range of
institutional mechanisms in scaling up climate-smart agriculture, including market-driven
approaches, cooperatives, social movements, and community-based institutions. The au-
thor highlights the importance of farmer cooperatives and community-based institutions in
the mobilization of resources for the adoption of climate-smart agricultural innovations in
sub-Saharan African countries, such as Rwanda, Ethiopia, and Kenya. The use of adaptive
governance institutions, therefore, has the potential to coordinate the different types of
institutional mechanisms to facilitate the mobilization of information and resources, the
provision of economic and non-economic incentives, and the creation of opportunities for
participation, all of which are essential requirements for the adoption of agroforestry [54]
and other climate-smart agricultural practices [110,111]. However, potential barriers in
the implementation of this innovative institutional mechanism may include difficulty in
overcoming the path-dependent effects of the older regime (industrial agriculture), frag-
mentation of responsibilities and authority among diverse organizations, organizational
and financial challenges in the design of institutions for landscape-scale cooperation, and
potential for undesirable social and ecological outcomes [51,71,87,106,112].

6. Enhancing Social Equity in an Ecosystem-Based Approach to Climate-Smart
Agriculture

The attainment of social equity is one of the central challenges in the agricultural sector,
as well as the broader field of resilience and sustainable development [113–115]. Social jus-
tice and equity concerns are particularly pertinent in situations involving transformational
change [116], such as the transition toward climate-smart agriculture [107]. This section
does not attempt to provide a comprehensive review of the literature on social justice
and equity across social science disciplines, such as economics and philosophy. Rather, it
briefly discusses these concepts with a focus on the resource conservation literature. In the
field of resource conservation and development, the equity concept has multiple dimen-
sions: distribution, procedure, and recognition [113,117]. Distributional equity is generally
concerned with fairness in the allocation of the costs and benefits of conservation and
development efforts among various segments of society [117]. Procedural equity relates to
fairness in the mechanisms for decision making, including the application of existing rules
and policies, as well as opportunities for stakeholder participation [113,117]. Equitable
recognition is concerned with the respect and appreciation of the diversity of knowledge
claims, worldviews, values, beliefs, norms, and other attributes that characterize the broad
range of stakeholders involved in conservation and development efforts [117].

Similar to other systems approaches [114], the holistic perspective of the ecosystem
management approach that has been proposed in this manuscript as a framework for
the implementation of climate-smart agriculture raises social equity concerns, such as the
potential for sacrificing individual components in the interest of the whole that constitutes
the primary focus [114,118]. Reference [114] also highlights the need to pay attention to
disparities among social groups in the period before, during, and after the implementation
of policy interventions aimed at building resilience, and this is particularly relevant for the
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discussion on the transition toward climate-smart agriculture. Prior to the implementation
of policies aimed at enhancing the transition toward climate-smart agriculture, differences
in access to the resources and institutional mechanisms that shape resilience implies
that different social groups may have varying levels of ability to successfully respond to
the policy implementation process [107,110]. Insights from the literature on community
resilience suggests that these contextual differences in adaptive capacity could further
manifest in differences in the way various social groups respond to and are impacted by
the policy implementation process [92,95]. Thus, there is the likelihood that the neglect
of these contextual issues in the implementation of conservation policies, such as those
promoting climate-smart agriculture, could lead to policy failures [107].

Enhancing social equity or fairness in the process and outcomes of transitions in
social–ecological systems requires the use of effective institutional mechanisms that are
also inclusive and efficient [119]. In the context of climate-smart agriculture, reference [107]
highlights the importance of institutional attributes, such as accountability, capacity build-
ing, flexibility, and recognition of local institutions and local knowledge. The analytic
deliberation process of adaptive governance discussed in this manuscript holds promise
for meeting these institutional requirements through the opportunities it provides for stake-
holder representation and meaningful participation in decision-making processes [120].
Moreover, institutional attributes, such as subsidiarity, that allow for the redistribution
of power among actors are also essential for enhancing equity and social justice [113]. It
appears the diverse and nested institutional structure of adaptive governance could help
overcome the power imbalance that constitutes a source of social inequity at global and
local levels, as it offers opportunities for the utilization of the full range of formal and
informal institutional mechanisms used by various social groups, as well as the allocation
of decision-making authority at appropriate levels, starting from the local level. Antici-
pating and devising mechanisms to overcome potential challenges in the use of adaptive
governance mechanisms could help enhance social equity in the transition toward an
ecosystem-based approach to climate-smart agriculture.

7. Case Study: The US Farm Bill

Since the 1930s, a major policy instrument that has shaped the agricultural sector
in the US is the farm bill. Over the years, the focus of the farm bills has shifted toward
a more collaborative approach aimed at achieving a broad range of socio-economic and
environmental goals at the landscape scale. However, more remains to be done for this
legislation to serve as a framework for promoting an ecosystem-based approach to climate
smart agriculture while also addressing social equity concerns. This section provides an
overview of some of the key changes in the focus of the farm bill in recent decades, as well
as some of the shortfalls associated with it.

The first farm bill, the Agricultural Adjustment Act, was adopted in 1933 as part
of federal emergency relief packages in response to the Great Depression and the Dust
Bowl [18,121]. Although a major focus of the legislation was to inject cash into rural
economies by establishing a price support mechanism for farm produce, this support was
tied to farmers’ voluntary participation in programs aimed at reducing production [121].
Given the widespread perception of environmental crises from the experience of the Dust
Bowl, subsequent policies in the 1930s sought to promote payment for soil conservation as
a mechanism for transferring cash to farmers while managing surplus supply [18,121,122].
Although these early agricultural policies were successful in providing much needed
financial assistance to farmers, they were less successful in dealing with the problem of
excess agricultural production due to the emergence of new farming technologies. Besides,
these policies also tended to encourage specialization rather than diversified farming
systems [18]. Reference [123] has also contended that the conservation component of
these policies was only intended to serve as a means of providing support for large-scale
industrial agriculture rather than being treated as an end goal. This production-oriented
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focus continued over the decades with various modifications until more radical reforms
occurred in the 1980s.

The 1985 farm bill was the first to explicitly focus on natural resource conservation as
an end goal in US agricultural policy rather than only as a means of managing supply [121].
This legislation has also been credited for being the first to introduce the concept of
sustainable agriculture into agricultural policy in the US [4,67]. Under this legislation,
several new programs were introduced for various purposes, including soil conservation,
as well as the protection of wetlands, grasslands, and wildlife habitat [18]. Among them is
the Conservation Reserve Program (CRP), a land retirement program that provides financial
assistance to farmers who voluntarily agree to remove environmentally sensitive land, such
as erosion-prone land, from production, typically for a period of 10 to 15 years [124]. The
conservation focus of the 1985 farm bill continued through the 1990s with the introduction
of other initiatives, such as the Wetland Reserve Program and an emphasis on natural
ecosystems and larger landscapes beyond the individual farm in the 1990 Food, Agriculture,
Conservation and Trade Act [121]. Several conservation programs were also introduced in
the 1996 farm bill, among which is the Environmental Quality Incentives Program (EQIP).
The EQIP is a working lands program, a category of programs that allows enrolled lands
to remain in production while producers are paid to adopt conservation practices [124].
The 2002 farm bill further broadened the environmental agenda of agricultural policy
by explicitly introducing energy conservation as a primary focus, and this energy focus
was refined in the 2008 farm bill to move away from grain-based biofuel toward second-
generation biofuels [18].

More recently, the turn toward ecosystem management on agricultural landscapes has
been further boosted by the 2014 and 2018 farm bills. Among the key provisions of the 2014
farm bill are: reauthorization of larger land retirement and working lands conservation
programs, such as CRP and EQIP; consolidation of other conservation programs into
these larger programs to reduce conflict and enhance efficiency; authorization of a new
Agricultural Conservation Easement Program (ACEP) for protecting natural resources
and agricultural landscapes; authorization of a new Regional Conservation Partnership
Program (RCPP) for addressing landscape-scale environmental problems [124,125]. The
RCPP component of this legislation provides opportunities for the mobilization of funding
and other resources among state and non-state actors across multiple levels [124] and
suggests a turn toward decentralized governance of agricultural landscapes [126]. Similarly,
the 2018 farm bill, which has been described by reference [127] as “generally incremental
or modest” (p. 836), reauthorizes large-scale conservation programs, such as CRP and
EQIP, promotes the purchasing of conservation easements for resource protection through
ACEP, and emphasizes collaborative approaches to landscape-scale conservation through
increased funding for RCPP [128].

In all, it appears that the goals of the farm bill policies have been gradually shifting
from an earlier focus on the use of conservation as a means of providing financial support to
farmers and managing excess supply toward embracing ecosystem management principles,
such as the promotion of multi-level collaboration, landscape-scale conservation, and the
pursuit of multiple goals. These positive trends notwithstanding, several flaws have been
identified in the implementation of farm bill policies, such as the continued emphasis on ef-
ficiency and stability to the neglect of complexity and resilience in agricultural systems [67],
inadequate consideration of trade-offs among the various conservation and production
goals [18], marginalization of indigenous farming systems [129,130], decline in funding
for research on alternative agricultural systems [14,123], lack of incentives for sustainable
agricultural practices [4,14], neglect of systemic racism and other structural constraints that
limit access of farmers and ranchers of color to conservation programs [122,129,131], and
lack of prioritization of climate-friendly agricultural practices [123]. These issues highlight
the challenges associated with the transition toward ecosystem-based management.

The shortfalls of the farm bill regarding social equity and justice require further
elaboration here. A study analyzing agricultural land ownership patterns in the US in the



Agronomy 2021, 11, 1564 12 of 19

late 1990s found that minority groups, comprising African Americans, Native Americans,
Asians, and Hispanics, constituted less than 4 percent of all landowners and held only
2 percent of private agricultural land [132]. The loss of agricultural land among African
American farmers and the resultant decline in their participation in the US agricultural
sector has received significant research attention in recent decades. For instance, between
1910 and 1997, land ownership by African American farmers declined from a peak of
16–19 million acres to just 1.5 million acres [132,133]. Similarly, the number of African
American farmers declined from 926,000 in 1920, representing 14 percent of all farmers
to about 20,000 by 1997, constituting just 1 percent of the population of farmers in the
country [133,134]. Key among the reasons that have been cited for these trends is the
persistence of discriminatory implementation mechanisms in the agricultural sector that
limit access of African American farmers to federal government agricultural programs,
such as the farm bill conservation programs [122,131,134]. In 1999, a settlement agreement
was reached in a class action discrimination law suit that had been filed by Black farmers
against the US Department of Agriculture for its discrimination in the allocation of farm
loans. The agreement entailed a settlement of USD 50,000 to each claimant, as well as loan
forgiveness. Additionally, in 2010, another settlement of USD 1.25 billion was announced
due to the large number of Black farmers whose claims were not addressed under the first
settlement [135]. Nonetheless, recent studies suggest systemic discrimination still persists
in the administration of farm bill programs. Using a participatory action research approach
that involved researchers and Black farmers in the state of Oklahoma, reference [131]
documents how the lack of access to resources, lack of access to reliable information about
farm bill programs, such as EQIP, and lower rates of approval of applications for program
funds by Black farmers than their white counterparts all work to constrain the capacity
of Black farmers to eradicate the eastern red cedar, an invasive species that is having a
disproportionately adverse impact on Black farmers in that state.

Besides these farm bill initiatives, a few initiatives have been adopted in recent years
to explicitly address climate-smart agriculture in the US at the federal level. In 2015, the
Secretary of Agriculture announced a new initiative, Building Blocks for Climate Smart
Agriculture Forestry. Similar to farm bill policies, this initiative sought to rely on voluntary
and incentive-based mechanisms to promote the adoption of climate-smart agricultural
practices by farmers, ranchers, and forestland owners. The initiative aims to achieve
various economic and environmental benefits on working lands through partnerships
among producers, government agencies, tribes, states, and other actors. This initiative
was designed to utilize existing farm bill conservation programs, such as EQIP and CRP,
as mechanisms for meeting the commitment of the US under the Paris Agreement [136].
More recently, in January 2021, President Joe Biden signed a new Executive Order aimed
at addressing the climate crises. A 90-day progress report on this Executive Order based
on listening sessions with 260 participants, as well as 2700 comments in response to a
Federal Register Notice, offered several recommendations for a climate-smart agriculture
and forestry strategy. They include: developing of appropriate protocols for quantifying
benefits; promoting inclusivity by expanding opportunities and removing barriers to
participation; leveraging existing farm bill conservation programs to support climate smart
agriculture and forestry; expanding education, outreach, and technical assistance programs;
promoting landscape-scale conservation; enhancing the resilience of forests to wildfire and
climate change impacts [137]. However, it remains to be seen as to how many of these
recommendations will be adopted and implemented as policies to promote climate smart
agriculture in an equitable manner.

8. Conclusions

Over the last decade or so, the concept of climate-smart agriculture has received
attention from researchers and policymakers as a response to the need for agricultural
systems that could enhance the attainment of food security while contributing to efforts
focused on climate change mitigation and adaptation. However, various conceptual
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and implementation challenges have limited the widespread adoption of this innovative
agricultural system. It appears that climate-smart agriculture may have borrowed some
of the limitations of the industrial, agricultural paradigm from which it evolved. In
this manuscript, the concept of ecosystem management was proposed as a promising
approach for the operationalization and implementation of climate-smart agriculture
at the landscape scale. The application of the principles of ecosystem management to
climate-smart agriculture could help clarify the foundational assumptions and goals of
climate-smart agriculture, as well as its knowledge and institutional requirements, thus
setting it apart from the attributes of industrial agriculture. The principles discussed here
align with and complement ongoing discussion on sustainable and resilient agricultural
systems from the perspective of ecoagriculture [138], landscape approaches [139,140], and
agroecology [141,142]. However, given the applicability of the ecosystem management
concept across diverse resource management arenas, it offers opportunities for a truly
multi-sectoral approach to reconciling competing demands for enhanced food security as
well as climate change mitigation and adaptation. Moving toward an ecosystem-based
approach to climate-smart agriculture will, however, require the ability to break away from
the path-dependent effects of the dominant industrial, agricultural paradigm. Thus, the
mechanisms by which the process of social–ecological transformation toward an ecosystem-
based approach to climate-smart agriculture can be navigated require research and policy
attention. Of particular importance is the need to pay attention to issues of social equity
and justice in the process and outcomes of the transition process. Investments in adaptive
governance may help overcome the path-dependent effects of industrial agriculture and
contribute to a successful and equitable transition toward an ecosystem-based approach to
climate-smart agriculture.
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Appendix A

Table A1. Ecosystem-based strategies for climate-smart agriculture.

Assumptions: Embrace the complexity of social–ecological systems

• Recognize agricultural systems as complex social–ecological systems;
• Prioritize the need to build capacities for adaptation and transformation;
• Manage uncertainties and build resilience using adaptive management.

Management goals: Promote integrated management goals

• Recognize the diversity of social, economic, and ecological values produced on agricultural landscapes;
• Analyze the synergies and trade-offs between climate change policies and food, energy, and water security;
• Manage at the landscape scale by coordinating management efforts across land ownership types and administrative

boundaries;
• Promote cooperation between agriculture and related selectors, such as energy, water, and forestry.
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Table A1. Cont.

Knowledge requirements: Develop diverse knowledge systems

• Promote knowledge integration between the social and ecological sciences through multi-disciplinary, interdisciplinary, and
transdisciplinary research;

• Recognize the importance of traditional knowledge and promote the integration of traditional knowledge with modern
scientific knowledge;

• Facilitate participatory processes for social learning and knowledge co-production.

Institutional requirements: Nurture adaptive governance mechanisms

• Use analytic deliberation processes to manage conflicting values and knowledge uncertainties among stakeholders;
• Engage different types of institutions, representing states, markets, and communities;
• Develop multi-level institutions that connect actors at multiple levels and provide opportunities for decision making at the

lowest appropriate level.

Table A2. Challenges for ecosystem-based climate-smart agriculture.

Challenges in pursuing adaptive and integrated management goals

• Differences in worldviews, e.g., anthropocentrism versus biocentrism/ecocentrism;
• Lack of political will in embracing complexity and uncertainty;
• Poorly developed research tools for assessing the full range of ecosystem services;
• Poorly developed decision tools for analyzing synergies and trade-offs among multiple goals;
• Lack of prioritization of monitoring and adaptive management;
• Vulnerable ecosystems that increase risk of climate change impacts.

Challenges in knowledge integration

• The dominance of the positivist/post-positivist tradition of science that emphasizes quantification, prediction, and
generalization;

• The marginalization of the social sciences;
• Differences in philosophies, conceptual frameworks, and methods among disciplines;
• Lack of respect and trust for traditional and local knowledge;
• Differences in power among participants with different knowledge systems.

Institutional challenges

• Resistance from vested interests who are benefitting from the status quo;
• Difficulty in breaking down the path-dependent effects of the conventional paradigm;
• The difficulty of design novel institutions for landscape-scale management;
• Fragmentation of responsibilities and authority among organizations across sectors;
• Capacity constraints, e.g., funding, personnel, and time;
• Lack of enabling policy frameworks that support adaptive governance;
• Potential for unintended negative outcomes, e.g., social inequity and resource degradation.
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