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The literature is increasing on how to prioritize climate-smart options with stakeholders
but relatively few examples exist on how to co-design climate-smart farming systems
with them, in particular with smallholder farmers. This article presents a methodological
framework to co-design climate-smart farming systems with local stakeholders (farmers,
scientists, NGOs) so that large-scale change can be achieved. This framework is
based on the lessons learned during a research project conducted in Honduras and
Colombia from 2015 to 2017. Seven phases are suggested to engage a process of
co-conception of climate-smart farming systems that might enable implementation at
scale: (1) “exploration of the initial situation,” which identifies local stakeholders potentially
interested in being involved in the process, existing farming systems, and specific
constraints to the implementation of climate-smart agriculture (CSA); (2) “co-definition
of an innovation platform,” which defines the structure and the rules of functioning for
a platform favoring the involvement of local stakeholders in the process; (3) “shared
diagnosis,” which defines the main challenges to be solved by the innovation platform;
(4) “identification and ex ante assessment of new farming systems,” which assess the
potential performances of solutions prioritized by the members of the innovation platform
under CSA pillars; (5) “experimentation,” which tests the prioritized solutions on-farm;
(6) “assessment of the co-design process of climate-smart farming systems,” which
validates the ability of the process to reach its initial objectives, particularly in terms of new
farming systems but also in terms of capacity building; and (7) “definition of strategies for
scaling up/out,” which addresses the scaling of the co-design process. For each phase,
specific tools or methodologies are used: focus groups, social network analysis, theory
of change, life-cycle assessment, and on-farm experiments. Each phase is illustrated
with results obtained in Colombia or Honduras.
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FIGURE 9 | Comparative analysis of farmers’ Ability to describe what climate change means for their farm functioning, before and after the participatory process.

compost, and vegetable home gardens since farmers increased
the initial experimental area or invested their own resources to
continue implementing them (Figure 10).

In Colombia the environmental assessment discussed in
the innovation platform allowed to distinguish the impacts of
emissions produced on the farm (e.g., technical operations for
weeding, fertilizing), as well as the contributions of fertilizers
(manufacturing and transportation of those inputs), fuel, and
energy used mainly in coffee processing (it includes the
production and transportation of those fuels) (Figure 11). It
particularly showed that the compost had positive effects on
reducing GHG emissions and using water or mineral resources
but could have negative effects on other environmental problems
such as acidification.

The results obtained by using LCA4CSA highlighted new
technical options such as better consideration of animal
feeding as a means to decrease greenhouse gas emissions or
a better management of the produced organic fertilizer to
decrease acidification.

In Honduras, the new knowledge brought by the process
was also assessed by the staff of DICTA that mentioned having
improved their knowledge on how to conduct a participatory and
systemic research even when recognizing their lack of resources
(technical skills in some dimensions of the project) for a proper
follow-up for some of the activities.

Barriers such as access to some seeds were mentioned, along
with opportunities such as the development of an avocado
nursery during the project allowing other farmers to have access
to the planting material.

Phase 7: Definition of Scaling-Out/-Up

Strategies
In Colombia and Honduras, policy and actor analysis showed
that many local organizations (farmers’ organizations) that

were able to provide support to farmers regarding technical
advice for CSA practices were not supported by public policies;
hence, more support to these organizations could be an
efficient leverage strategy to increase farmers adoption of
CSA practices. In both situations, the complementarity of
services provided to farmers for the adoption of CSA practices
was still a bottleneck. Although technical advice and climate
information were under development through public programs,
other key services such as credit access or land titling were
lagging, thus impeding further and larger adoption of CSA
practices. A strategy for upscaling should thus consider filling
those gaps, through discussion with the specific institutions in
charge of those services. In Colombia specifically, a strategy
for upscaling consisted of promoting the innovation platform
(embedded in the climate-smart village concept) within the
departmental and national policy regarding climate change. At
the department scale, the Environmental Authority of Cauca
was able to reconcile the implementation of both education
and environmental policies through the climate-smart village
approach, achieving its goals and implementing policies in
other municipalities. At the national scale, the Ministry of
Agriculture of Colombia was envisioning the CSV approach
as an implementation mechanism of the Climate Change
Adaptation Plan and promoting the approach across Latin
American countries as the way to implement on the ground
adaptation processes in the agricultural sector. For outscaling,
the strategy consisted of promoting the innovation platform and
CSA approach in surrounding areas with similar agroecological
and meteorological conditions. In Honduras, the suggested
upscaling strategy was two-fold. First, it consisted of better
coordinating the innovation platform dynamic with the existing
policies and programs supporting food security, as they were
effectively implemented and relied on significant human and
financial resources. Second, it consisted of reorienting the

Frontiers in Sustainable Food Systems | www.frontiersin.org

14

May 2019 | Volume 3 | Article 37



Andrieu et al.

Co-designing Climate-Smart Farming Systems

100
90
80

% of Farmers

Water
harvesting

Compost Home garden

FIGURE 10 | Adoption of the practices tested in the study site of Colombia.

Practices

Irrigation
system

Improved bean Reservoir

Environmental impacts of one hectare of coffee
Non-renewable resources sessREERRRIR ST o
Soi/ cidfcton PR _(~—]

Air quality (health) RSN ~—~—]

Air (greenhouse effect) [ENESRRRERE__ ]
Water (quantity) SESSSERRARS SRR M

Water (quality/ algee) EE e _ ]

20% 40% 60% 80%
* Fuel (agricuitural operations/pul ping)

Impact Categories (%)

Contribution Rate to Environmental

100%
mOthers

0%

u Plot ® Fertiizer
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existing agricultural program that was actually providing seeds
and inputs to farmers without climate considerations toward a
CSA-specific input delivery.

DISCUSSION

The Features of the Design Process of

Climate-Smart Farming Systems

Many typologies have been made of the processes used to design
innovative agricultural systems, according to the availability of
the knowledge on the systems to be designed (Hatchuel et al.,
2006), the iterative or disruptive characteristics of the process
(Meynard et al,, 2012), and the farmers’ participation and use
of modeling tools in these processes (Le Gal et al., 2011). The
seven-phase methodology presented here tries to address the
specificity of a process intended to design climate-smart farming
systems. Such specificity lies mainly in the need to reduce
trade-offs among the three pillars of climate-smart agriculture.
Such trade-offs may arise at the farm level when prioritizing
practices address one pillar and not the others (Torquebiau

et al., 2018). They may also arise at different steps of the
production and transformation process when good CSA practices
are applied but without considering emissions that may occur
when transforming such products. These trade-offs may also
occur at the agroecosystem level when, for example, the decrease
in GHG emissions is made at the expense of other environmental
impacts. Particularly in our study, we showed that the compost
could have a negative effect on acidification. Colombian soils are
rather acid and highly sensitive to acid deposition (Kuylenstierna
et al., 2001) leading to soil depletion. Considering such trade-
offs implies developing specific analytical tools such as the CSA
calculator or the LCS4CSA. In our research, most of the practices
identified had adaptation or food security as an entry point,
rather than mitigation; however, the identification of co-benefits
and synergies between pillars gives smallholder farmers a role
to play in emission reduction actions when considering their
aggregated contributions (Martinez Baron et al., 2018).

As was shown for agroecosystem conversion (Altieri, 2002),
implementing redesigned climate-smart farming systems is
a transitional process going from weak to strong changes
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(Duru et al., 2014). For these authors, supporting such changes
relies on a common assessment of the farming system and the
socio-ecological system—that considers the ecological system
and the actors involved in its management, and the socio-
technical systems—at the intersection between niches, regimes,
and institutional landscape (Geel, 2002). Our methodology tries
to address some of these dimensions considering not only the
technical options that can be implemented at the farm scale
to improve its climate smartness, but also their impact on the
ecological system, the farmers’ knowledge changes that need
to occur, and the institutional and policy landscape that may
support such changes. The platforms and the experiments (on-
farm or via the modeling tools) conducted from phases 1-6
are virtual space supporting existing innovation niches. The
definition of the scaling-out/-up strategies proposed in phase 7
allows the identification of lock-in situations and of a window of
opportunity for these innovation niches.

Strengths and Limitation of the
Methodology

Our research tries to fill the knowledge gap on how to make
operational the co-design of changes at the local level that
address the challenges caused by climate change. It relies on
the articulated use of a large array of methodological tools
(factor analysis, social network analysis, on-farm experiment,
life-cycle assessment, policy mapping) that were necessary given
the complexity of co-design processes. It involved a pluri-
disciplinary team, particularly in Colombia, where the technical
team was made-up of an anthropologist, an economist, an
agronomist, and policy and environmental scientists, in this
last case with modeling skills. In Honduras, because of the
lack of modeling skills, the assessment of the climate-smartness
of the farm with the CSA calculator was replaced by an
expert assessment based on the literature. In other terms,
the level of detail used to implement each phase of the
method can be adjusted according to the skills available in a
given institution.

In the process, knowledge sharing between farmers and
scientists was key, as shown in other local participatory processes.
The specific benefit of our process was the involvement
of other stakeholders such as NGOs or policymakers, thus
allowing a plurality of views. However, it is also its main
methodological challenge given that game of power may arise
between stakeholders and some of them may use the process
to legitimize other personal agenda even after various years of
collaboration (e.g., political agenda, access to funds).

One key aspect of the method was the implementation of a
monitoring system that helped to identify whether the process
was on a good track and whether adjustments in the activities
were needed. Such a monitoring system also helps to identify
when the disengagement process needs to occur. However, such
monitoring system can be heavy regarding the amount and
diversity of data collected (here agronomic data were collected
but also environmental and social data) in contexts where
farmers and even local stakeholders are not used to monitor and
document what they are doing. In this study, the disengagement

had not yet occurred. Despite the improvement of farmers
knowledge, attitude, and skills, the threshold used to decide on
disengagement was not clearly specified. Such a threshold needs
to be clarified with the members of the platforms form the
beginning in order to not generate frustration, as suggested by
Vall et al. (2016).

CONCLUSIONS

Co-designing climate-smart farming systems is a multi-
dimensional and complex process, in which changes in
knowledge, technologies, and in the institutional environment
must take place. For these reasons, it is necessary to use a
participatory and systems approach such as the one proposed in
this guide. The innovation platform is the core of the process.
It requires a clear identification of the stakeholders making
up the platform, a clarification of their roles, and commonly
agreed objectives (i.e., the general operating rules). Generating
local and scientific knowledge is a key factor to identify
appropriate solutions to tackle climate change, ensure that the
process is on the right track, and convince new stakeholders
of scaling out/up their results. For these reasons, we proposed
to articulate a variety of methodologies for the analysis of key
stakeholders, knowledge changes regarding climate change,
as well as the results obtained with the practices (in terms of
food security, resilience, and greenhouse gas emissions) within
an enabling policy environment. The different methodologies
were used in the seven complementary phases presented
here. This proposal was tested in Honduras and Colombia,
but it is not intended as a rigid scheme. It can be adapted
to the capacities of the supporters of new platforms and to
different contexts.
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APPENDIX

TABLE A1 | Climate-smartness of the farm in Honduras according to the number
of practices addressing the different pillars used on the farm (3 is the best score).

Farm A M P
C 3 3
B 3 3
F 3 3
H 3 3
J 3 3
z 3 3
| 3
K 3
EE 3
D 3

3
u 3
HH 3
LL 3
G 3
N 3
R 3
\Y
X 3
JJ 3
M
S

3
NN 3
E
L
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