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NWO-WOTRO Science for Global Development, a division of the Dutch Research Council
(NWO), programmes, funds and monitors innovative research on global issues, with a focus on
sustainable development and poverty reduction. NWO-WOTRO’s research projects are
realised by interdisciplinary teams of researchers from the North and South and in close
collaboration with non-academic stakeholders. These partnerships yield solutions for
development challenges and strengthen the bridge between research, policy and practice.

The Food & Business Research (F&BR) programme
The Food & Business Research (F&BR) programme aims at addressing persistent food security challenges in low
and middle income countries. A total of 75 projects have been funded under two instruments:
•• The Global Challenges Programme (GCP), which promotes research-based advanced understanding of
emerging key issues in global and regional food security and their impact on local food security and the role
of private sector development.
•• The Applied Research Fund (ARF), which promotes research-supported innovations that contribute to food
security and private sector development in the partner countries of Dutch development cooperation.
•• The research themes relate to the Food & Business Knowledge Agenda of the Netherlands Ministry of
Foreign Affairs. All projects are run by a consortium of academic, private sector and NGO partners to promote
research uptake by relevant local, national and international stakeholders.
F&BR is funded by the Netherlands Ministry of Foreign Affairs and NWO-WOTRO Science for Global
Development and is managed by NWO-WOTRO.
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1 Introduction

1 Introduction
This paper brings together three key global policy areas that are closely connected, i.e. climate change
(CC), agricultural development, and food and nutrition security (FNS). Agriculture is a significant
contributor to climate change, while a changing climate at the same time affects agricultural
productivity. This effect on agricultural productivity in turn impacts FNS, particularly that of
smallholder communities in the Global South.

Climate Smart Agriculture (CSA), the study object of this paper, binds this triad of policy issues. The FAO defines
CSA “as an approach that helps to guide actions needed to transform and reorient agricultural systems to
effectively support development and ensure food security in a changing climate. CSA aims to contribute to 1)
sustainably increasing agricultural productivity and incomes, 2) adapting and building resilience to climate
change, and 3) reducing and/or removing greenhouse gas emissions, where possible”.1
CSA receives much research attention and is embedded in many agricultural policy documents and
implementation programmes of development banks and donors around the globe. This paper primarily reviews
eight projects funded under the fourth Call of the Global Challenges Programme (GCP) of NWO-WOTRO’s Food
& Business Research (F&BR) programme (see page 2), as well as six projects funded under the programme’s
Applied Research Fund (ARF). The goal of GCP 4, called ‘Scaling up Climate Smart Agriculture’, was to contribute
to business models, incentives and innovative finance for scaling CSA. This paper presents a synthesis of the
new knowledge, insights and outcomes generated by these projects, which may contribute to ongoing academic,
policy and practice debates on how the adoption of CSA can be catalysed in order to contribute to improved FNS
for poor households in low and middle-income countries (LMICs).
The definition of food and nutrition security (FNS) used in international policy circles evolved over the past four
decades. The most-used definition, applied in this article, describes food security as a condition wherein “all
people, at all times, have physical, social and economic access to sufficient, safe and nutritious food that meets
their dietary needs and food preferences for an active and healthy life” (FAO 2002).
To guide our synthesis, we developed a Theory of Change that visualises the possible pathways from CSA to
improved FNS. We then mapped the pathways envisaged – from activities to outcomes – by reviewing the GCP
and ARF projects documents (proposals and reports). To analyse which new knowledge insights (for academic
and policy debates on CSA) as well as tangible outcomes were generated by the projects, based on the chosen
pathways, we reviewed their outputs (articles, papers and policy briefs) and interviewed a selection of project
leaders and other consortium members. We took special note of pathways that were adapted during the course
of the project, based on increasing insights and/or project-related or external barriers and opportunities
encountered.

1

http://www.fao.org/climate-smart-agriculture/en/
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Box 1: The projects reviewed for this paper
The key projects reviewed for this paper are the eight projects funded under the GCP 4 Call ‘Scaling up
Climate Smart Agriculture’ (2017-2020). These eight projects were all implemented in countries in SubSaharan Africa. A selection of six relevant projects funded under the F&BR programme’s Applied Research
Fund (ARF) was added to complement the synthesis. Of these, five were implemented in Sub-Saharan Africa
and one in Bangladesh. The ARF projects were not explicitly designed as CSA projects, nor were they required
to include a focus on scaling issues, nevertheless, they can be seen to contribute to the scientific and policy
discussion on CSA. Annex 1 provides the details of all fifteen projects reviewed for this article.

Box 2: GCP 4: a collaboration between NWO and CGIAR
The F&BR programmes’ GCP4 call was launched in a collaboration with, and co-funded by the CGIAR’s
Research Program on Climate Change, Agriculture and Food Security (CCAFS), just before the Memorandum
of Understanding was signed between the Netherlands and the CGIAR (September 21, 2015). This MoU
expressed the “desire to cooperate on contributing to transformational change in agriculture around the
world by advancing knowledge in the food system and mobilizing joint public and private innovation (…)”.
The Government of the Netherlands identified Climate Smart Agriculture as one of the strategic areas for
cooperation. The GCP4 call required extensive collaboration between the GCP project consortia and the
CCAFS research programme and may as such be considered to contribute to the objectives of the MoU,
that is, to transformational changes in agriculture.

[
The structure of the article is as follows. Section 2 provides context on the need for CSA, by discussing the
relationships between climate change, agriculture and FNS in the context of planetary boundaries and a food
systems approach. Section 3 starts off by presenting the Theory of Change that was developed as the analytical
frame for our synthesis, followed by key insights derived from research projects according to three key pathways
(agro-technological, institutional, business development). Section 4 reflects on the drivers and barriers
encountered by the projects in their efforts to research, develop and promote the adoption of CSA practices and
approaches. Section 5 reflects on the lessons learned.
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2 Climate Smart Agriculture in context
This section briefly introduces the context in which CSA emerged – i.e. the three interconnected global
policy areas of climate change, agricultural development, and food and nutrition security – while
stressing the importance of considering CSA in a food systems and planetary boundaries perspective.
We emphasise the African context given that thirteen of the fourteen reviewed projects took place on
this continent.

2.1 FNS in Africa: impacts of climate change on agriculture
Achieving Zero Hunger in Africa by 2030, the target of Sustainable Development Goal 2, is a daunting challenge.
In 2019, the prevalence of undernourishment (PoU) in Africa was 19.1% of the population, or more than 250 million
undernourished people, up from 17.6% in 2014. This prevalence is more than twice the world average (8.9%). For
2030, the PoU in Africa is currently estimated at 25.7%. The COVID-19 pandemic and the related policy measures
are estimated to add between 83 and 132 million undernourished people globally in 2020 (FAO 2020), which will
exacerbate FNS in many African countries.
Factors contributing to the high numbers of food insecure people in Africa range from poverty, lack of access to
food and inputs, women’s land rights, unfavourable terms of inclusion in food markets and value chains, to
international trade relations and land grabbing. A major cause is the low crop yields that create a huge gap
between food supply and demand (e.g. Le Mouël and Forslund, 2017). Total food availability per person has
decreased over the past decades in Sub Sahara Africa. Given the estimated population growth on the African
continent – from 1 today to 2-2.5 billion in 20502 – agricultural productivity needs to increase fast (Van Ittersum
et al, 2016).3,4 Among the reasons for low yield and agricultural productivity in Africa are poor soils and the low
use of fertilizers.5 Notably, 80% of food production increase on the African continent of the past two decades has
therefore been obtained from the expansion of agricultural land into pristine biodiverse lands, rather than from
yield or productivity increases (Angle et al. 2017). This not only leads to direct GHG emissions – compounding
climate change – but also to the loss of biodiversity and, consequently, reduction in dietary diversity. Traditional
foods risk being lost, thus also threatening people’s food culture heritage.6
Climate change is exacerbating this alarming status of agriculture in most parts of Africa.7 The main culprits are
increased erratic rainfall and extreme drought in combination with higher temperatures that suppress yields of
most crops. Another climate-induced effect is increased intensities of disease infestations and the invasion into
new areas with no management experience, such as the fall armyworm. The erratic and extreme weather events
result in increased variability of production and yield over the years. On balance, the African continent is likely to
2

World Population Prospects 2019, accessed at https://population.un.org/wpp/

Reliance on global redistribution rejects the reality of poor infrastructure, which hampers effective food systems and increases nations’
vulnerability due to global food dependence as was evident during the food crisis in 2008, thus calling for increased food-sovereignty (Bindraban
et al 2009).

3

In addition, trends in diet transition towards more animal products in developing countries seem very strong, and create an increasing demand for
animal feed (Keyzer et al. 2005).

4

Continuous cropping with insufficient nutrient replenishment leads to the depletion of over 50 kg/ha/year of N, P and K combined (e.g. Lesschen
et al. 2007; Cobo et al. 2010). Other factors that play a part in low yields include poor soils, use of traditional non-improved seeds, hardly any
mechanization, insufficient weed control etc. (IAC 2004).

5

6
See e.g. Highfield, 2017 for an introduction to food and foodways in African cultures, and Rampa et al, 2020, for insights on the role of indigenous
foods in FNS.

The impact of climate change on agriculture can be positive, primarily in temperate regions where increasing temperatures may increase rates of
photosynthesis, elongate the growing season or even enable crop growth. In tropical regions, the impact of climate change on agriculture will be
predominantly negative.
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face productivity losses up to 15-20% (for West Africa, see e.g. Sultan et al, 2019; for East Africa, see e.g. Adhikari
et al., 2015). This leads to increased vulnerability, especially of the rural poor who depend on agriculture for their
livelihoods. Through its impact on agriculture, climate change thus has a direct negative bearing on FNS on the
African continent (FAO 2020).

Box 3: Agriculture: contributor and mitigator of climate change?
Globally, agriculture is responsible for roughly 7 – 22% of all greenhouse gas (GHG) emissions (IPCC 2014,
p. 88, range due to the use of different metrics). The release of nitrous oxide (N2O) from soils and fertilizer use,
and methane (CH4) primarily from livestock and rice cultivation, each contribute about half of the GHG
emissions generated by global agriculture. In addition, land use change, often converting forested and
pristine land for agricultural purposes, contributes another 12 – 13% to total global GHG emissions.8 The
contribution of African agriculture to global GHG emissions is modest. On average, CO2 emissions per capita
in Africa are 0.8 kg per year, against a world average of 5 kg (World Bank, 2020). Of this 0.8 kg, 20% is related
to agriculture (FAOSTAT, 2020). The extremely low use of fertilizers on the African continent explains the low
GHG emissions from African agriculture, which are primarily caused by cattle raising and land use change.
Agriculture is not only a contributor to climate change, instead, it can also help to mitigate and sequester
GHG emissions and reduce risks caused by a changing climate. More optimal use of manure and fertilisers
may contribute to mitigate GHG emissions globally but is less relevant for Sub-Saharan Africa where the
unsustainably low use of fertiliser ought to be increased. Agriculture can contribute to mitigation of climate
change through the sequestration of carbon dioxide (CO2) in soils and biomass, i.e. agriculture to act as a
‘carbon sink’. However, carbon sequestration is only feasible with associated sequestration of nutrients,
primarily nitrogen (N), phosphorus (P) and sulphur (S). This, again, implies appropriate fertilisation, which is
currently lacking in African agriculture and would come at high cost.9

[8 9
2.2 The CSA solution in context
Agriculture and climate change are interconnected and impact FNS. Climate Smart Agriculture was therefore
conceived to reduce the climate impacts of agriculture, build resilience through adaptation to climate change,
and at the same time contribute to improved food security. The increasing policy and research attention for
Climate Smart Agriculture started in 2010, with the FAO background paper on CSA for the Hague conference on
Agriculture, Food Security and Climate Change (FAO, 2010). Since then, international organisations such as the
FAO and the World Bank, NGOs, farmer cooperatives and scientists have institutionalized the CSA agenda. There
is a controversy, however, between NGOs and the FAO, with NGOs arguing that the FAO-promoted concept of
CSA is too narrow. The concept fails to account for biophysical factors captured in the planetary boundaries,
such as the conservation of biodiversity, nutrient use, water quality, and sustainability at large. Moreover, socioeconomically, the dependency on capital intensive CSA technologies is unaffordable for poor farmers (KfW,
2020).10

By felling of trees, but most importantly by the instant decrease in soil organic matter deteriorating soil productivity and health (Zingore et al.,
2005).

8

9
Moreover, rates of sequestration will be low, as organic amendments appear, at best, modestly able to increase soil organic matter due to high
rates of decomposition.
10

4

Another response to this dilemma, focusing on including safeguards for smallholders, is coined Climate Wise Agriculture.

2 Climate smart agriculture in context

We emphasise that academic and policy discussions on CSA should indeed encompass the debate on ‘planetary
boundaries’ (Rockstrom et al., 2009), as several of the global drivers that are pushing the earth system beyond its
‘safe operating space’ are related to agriculture (e.g. loss of biodiversity, land use change, nitrogen and phosphorous flows) and climate change. The planetary boundaries – i.e. biophysical thresholds that if transgressed cause
unacceptable environmental damage with possibly disastrous consequences for humanity – were identified as
new approach for defining preconditions for human development. When it comes to SDG2, the ultimate goal and
challenge thus is to achieve FNS for all within the planet’s safe operating space. There is growing awareness
about the complex interdependence of human wellbeing and planetary health, with the ultimate aim to enabling
every person to lead a life of dignity and opportunity, while safeguarding the integrity of Earth’s life-supporting
systems (Raworth, 2017).
In this context, CSA must be considered one of the possible responses or solutions to the implications of climate
change on agriculture and FNS. It is not a panacea. We also stress that CSA, in the context of FNS, is too
narrowly equated with “agriculture”. Placing agriculture in the wider context of the entire food system is more
appropriate for a reflection on CSA practices, given that processes like food processing and consumption
patterns, food waste and recycling have huge impact on global environmental change (e.g. Conijn et al., 2018,
Springmann et al., 2018; UNEP/WWF/EAT/Climate Focus, 2020; Willett et al., 2019) as well as on FNS. It is for
this same reason that the GCP 4 call required projects to take a food system approach that more explicitly
accounts for human dimensions.
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3 Dissecting CSA pathways
To account for our contextual views on the CSA-Agriculture-FNS nexus, we developed a Theory of
Change (ToC) that reflects the relationships between CSA and FNS from a food systems perspective.
This ToC integrates the ToCs used by the Netherlands Directorate-General for International
Cooperation (DGIS) and CCAFS, complemented with value chain business components. It captures the
growing insights within development discourse since the 1960s onward, from an emphasis on agrotechnical interventions to the inclusion of socio-institutional conditions in the 1990, to an emphasis
away from the exclusively public domain to include value chain and business development as key
components of development.

The narrative that accompanies this ToC is as follows: The ultimate aim it is to end hunger, achieve food security
and improve nutrition through the adoption of agricultural practices and food value chain developments that
enhance food system resilience to changing climatic and humanitarian conditions. To this aim, food productivity
of smallholder producers should at least double globally and even triple for the African situation by 2050. Farm
income and those of actors in the food value chains should at least double if not more. Enabling policy, knowledge and financial conditions should allow sustainable and inclusive practices in agricultural production and
input-output markets to be adopted by large numbers of actors in the food system. Specific emphasis should be
placed on inclusion of women and youth in food systems, targeting of Base of the Pyramid (BoP) consumers to
alleviate their vulnerable situation, and to practices that cope with changing climatic, edaphic and humanitarian
conditions. This producer–consumer and food chain-oriented system approach allows for targeted interventions.
Therefore, our ToC presumes that IF the good agricultural practices, inclusive value chains and enabling
conditions are put in place through the identified activity domains, THEN actors’ capabilities and empowerment
will have been will have been enhanced to make informed decisions about their actions towards sustainable
practices, which in turn will improve the resilience of the food system and food and nutrition security. We argue
that all three intervention domains must be addressed simultaneously for impact at scale.
We used arrows to mark the pathways linking the activities, outputs and outcomes of the selected GCP and ARF
projects. Figure 1 presents the pathways as described in the Impact Pathways of the research projects that were
a mandatory item in the project proposals. This figure thus provides a visual impression of the project’s ambitions
and the pathways they aimed to pursue for contributing to improved FNS through CSA. The arrows were placed
based on the authors’ interpretations of the project documents. We decided to explicitly demonstrate all linkages
that we identified in this figure to allow reproducibility and verification prior to advancing to a synthesized
presentation of our findings in the next figure.

Climate Smart Agriculture for Food and Nutrition Security
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Figure 1: Ambitions of the GCP 4 projects visualized in generic ToC

Given the broad concept of CSA - including mitigation, adaptation and resilience building to achieve sustainable
increases in agricultural productivity and income - many technologies and approaches can potentially be
labelled CSA. Indeed, the projects funded under the GCP4 Call reveal a wide variety of approaches and focus
areas. In terms of the intervention domains (see Figure 1), projects’ entry points are either ‘good agricultural
practices’ or ‘institutional readiness’, with some projects combining the two. Interventions towards ‘inclusive
value chains’ were rarely the focus of the reviewed GCP projects.
Based on the arrow exercise per project, we deduced two stylised overviews of the impact pathways for the eight
GCP 4 projects (Figure 2) and the seven ARF projects (Figure 3).
Figure 2 shows that, overall, the GCP projects predominantly pursue an agro-technological pathway (the arrow
on the left), focusing on technical innovations that support CSA and the training needed to enable their adoption;
or an institutional pathway (the arrow on the right), focusing on raising awareness on the need for CSA, empowerment trainings, managing multi-stakeholder platforms for dialogues and other interventions for a better institutional environment to support CSA (e.g. enhancing inclusivity of financial institutions). Certain projects aimed to
combine interventions along the agro-technological technological and institutional pathway. The business
development pathway (arrows through the middle) of food systems interventions that focus on business

11

8

Full titles and details of all projects can be found in the Annex.

3 Dissecting CSA pathways

development, smart entrepreneurship, value chain development, or marketing for CSA, was much less targeted
by the reviewed projects. Figure 3 shows that the agro-technological pathway was the dominant route for the
ARF projects.12
Figures 2 and 3 imply that in this synthesis, lessons were drawn predominantly about the agro-technological and
institutional pathways, while only limited conclusions could be drawn from project insights about the business
development pathway. The arrows in Figures 2 and 3 not only indicate dominant routes, they also show where
project activities are concentrated (the full lines) and where there is less actual activity and more reliance on
assumed linkages (dotted lines). The fact that most arrows do not reach the final goal of FNS implies that the
lessons learned focus on implementation towards outcomes, rather than on impact (see also Box 4).

Figure 2: Stylised representation of GCP 4 pathways

12

We note that the ARF projects, which were from different F&BR Calls, were not explicitly asked to include business development.

Climate Smart Agriculture for Food and Nutrition Security
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Figure 3: Stylised representation of ARF pathways
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3 Dissecting CSA pathways

Box 4: The difficulties of establishing impact from research on FNS
The ultimate goal of the F&BR programme is to contribute new knowledge, insights and innovations towards
improved food and nutrition security of marginalised groups in LMICs. Establishing the projects’ contributions
towards such impact on FNS is very difficult. Only a few GCP projects explicitly mentioned the steps to longterm outcomes and FNS impact in their Impact Pathways, and only one of the reviewed projects addressed this
as part of the research analysis. Several ARF projects tried to address the link to FNS, but also for these projects
it was too soon to map – let alone quantify – the FNS impact of their innovations beyond an anecdotical level
before project closure. It must be stressed that in any context it would be extremely difficult to reach impact with
truly novel technologies or approaches (given the real and perceived risks of those) within the span of three
years. Given the relatively short project durations and limited funds of the F&BR projects, the finding that
impacts from adoption and scaling of CSA practices on FNS were not reported, let alone measured, is not
surprising. The lessons learned reveal that change processes involve multiple actors and simultaneous intervention in various domains and at various scales over a longer duration. Moreover, every situation calls for its own
package of interventions. Short-term interventions and research projects can address isolated portions of these
societal change processes and provide a flash view of the outcomes given that it is beyond their scope to assess
the longer-term impact of their own interventions. The limited reach of financially small and short-term research
projects was confirmed by various researchers of the GCP projects who argued that the implementation component was beyond the scope of their short duration project. This also means that one must be cautious to
conclude that the individual lessons learned will always be relevant for attaining scaled adoption of CSA
technologies with actual impact on FNS. Finally, the GCP 4 call aimed to align with larger R&D programmes of
CCAFS (see box 2) by providing funds for researching specific components. Several researchers indicated a
rather lose relation or little exchange of knowledge and information, with unclear impact of lessons learned on
the CCAFS programme implementation. Abrupt terminations or changes in the CCAFS programme may have led
to this breach. Some researchers did note attempts to carry lessons learned down the implementation paths

Climate Smart Agriculture for Food and Nutrition Security
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3.1 The agro-technological pathway
Three GCP projects identified most clearly with the agro-technological pathway, in some cases complemented
with an institutional pathway: The ‘Citizen’s science for nutritious varieties’13 project in Uganda and Ethiopia (3),
the ‘Nutrient management tools’ 14 project in Ethiopia and Tanzania (7), and the ‘Climate resilient maize varieties’15
project in Uganda (8). The project numbers refer to the legend in Figure 1. In addition, all ARF projects included in
our study prioritised agro-technological pathways, albeit that some combined this with awareness raising
activities among (local) governments to improve the enabling environment (institutional pathway). The main
insights from these projects are discussed below.

‘Citizen’s science approach to climate smart and nutrition sensitive seed value chains for food and nutrition security in Uganda and Ethiopia’ (see
Annex).

13

‘Understanding and improving scaling readiness of climate smart, nutrient management decision support tools (DST) in different institutional
environments: Ethiopia & Tanzania’ (see Annex).

14

15
‘Promoting climate resilient seed varieties: Smallholder barriers to adoption and willingness to pay for seed of drought tolerant maize varieties in
Uganda’ (see Annex).

12
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Insight 1: Fertiliser recommendations for Africa need to be tailor-made as generic
recommendations are not appropriate given Africa’s diverse agro-ecology
This insight confirms other research on the specificity of African soils and the need for specific tools to advise
farmers on the use of fertilisers. The starting point is that optimized fertiliser application can significantly
increase nutrient use efficiency and consequently yield. The ‘Nutrient management tools’ project therefore aimed
at improving the ‘scaling readiness’ of decision support tools (DST) for soil nutrient management to support
farmers affected by climate change in Tanzania and Ethiopia. Initially, the focus was on developing the enabling
environment for scaling of the tool by involving different actors including extension services, NGOs and agrodealers (the institutional pathway). However, when the project found that the fertiliser recommendations
calculated by the original tools were too generic and not appropriate for specific farm fields, it shifted its focus to
improvement of the nutrient decision tool itself.
The use of fertilisers by farmers was hugely variable in the target areas, ranging from a few kg to over a few
hundred kg per hectare. Some of the farmers who received a visit from extension workers did not necessarily
pursue the recommendations regarding the balanced use of fertilisers but increased their fertiliser use. This may
have been the case for those using no or low amounts and with no of limited contact with extension workers.
While GHG emissions increase with increasing N-fertiliser use, the non-linear relation indicates proportionally
lower emissions at lower application rates. Hence increased use in this context may have contributed only
modestly to GHG emissions. Several ARF projects worked on improving soil fertility management, some explicitly
addressing the environmental/climate change aspects of fertiliser use (see Boxes 5 and 6). The ‘Building on
Fertile Grounds’ project catalysed the opportunities for more differentiated fertiliser use by smallholders in
Burundi (see Box 10).

Box 5: Farmer-led soil fertility management
The ARF ‘Farmer-led soil innovations’ project16 identified conservation farming practices initiated by individual
farmers in Northern Uganda that had the potential to prevent nutrient depletion of their agricultural land.
Indigenous knowledge of soil fertility was compared with lab assessment of their soils and a visual soil fertility
classification tool was developed to help promote the most promising conservation agriculture (CA) initiatives to
improve sustainable soil fertility management in an area affected by climate change impacts. On-farm
experimentation and farmer-to-farmer extension were used to promote adoption of the practices. Each of the 106
model farmers (75 men and 31 women) on average trained 22 other farmers; if half of those adopted at least one
of the CA innovations then the total number of farmers impacted by the project was 1,166. As part of the
‘minimum tillage’ – a key aspect of CA alongside crop rotation and ensuring continuous ground cover – the use
of the herbicide glyphosate was promoted. This proved popular with farmers and found to be cost effective since
only a third of the previous labour input was needed for cultivation and weeding. The technology spread quickly
to the neighbours of model farmers. The crop residues left after spraying were an effective mulch and climate
change impacts were reduced. Yield increases of more than 500 kg per hectare for groundnut and up to 1000 kg
per hectare for maize were reported.

16 17

16

‘Farmer-led soil innovations to sustain food production’ (see Annex).

Average groundnut yields in Uganda are often significantly under 1 tonne per hectare and maize production is on average at 2.5 tonnes (Jeliffe et
al. 2018; Simtowe et al. 2019).

17
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Box 6: Biochar fertilisation in Bangladesh
The ARF biochar project in Bangladesh may serve as a promising CSA intervention based on a proven technology, even though it was not presented as a CSA project. Nitrogen from urine adsorbed in home-made charcoal,
was applied to soils to serve as a soil amendment and fertilizers, resulting in significant yield increases, primarily
of vegetables. The technology can be developed entirely with local resources within the farm, closes nitrogen
and carbon cycles, reduces emissions of N-based GHG, enhances soil health, and increases agricultural
productivity and farm income, which may ultimately improve FNS. Though there are limits to the attainable
productivity increase through this approach, it is a game changer at the current levels of crop productivity and
farm income, whereby women play a prominent role.
The project was implemented by tailoring its interventions through a large NGO-led implementation programme
which allowed the research project to reach scale, to the point that initial marketing trainings were given. The
project does not report on knowledge dissemination, such as to extension workers, or policy recommendations
to entice actors in the value chain or policy makers to create enabling conditions. This lack of institution building
may hamper large scale implementation beyond the capabilities of the involved institutions. However, given the
success of the intervention, these institutional arrangements might still be put in place.

Insight 2: Consideration of multiple risks for smallholders is needed to encourage adoption of
CSA
Insights from the ‘Climate resilient maize varieties’ project in Uganda confirmed that the poor have highly
complex financial lives (Collins et al., 2009 is the seminal contribution is this field). For the adoption of CSA, this
implies that it is insufficient to minimize investment risks directly associated with, for example, new seeds or
practices. Instead, a broader consideration of multiple risks that households face is needed, including
consideration for the lack of social security to cope with adverse shocks in general.18 Farmers’ perceptions of
their risks – e.g. production risk, market risks, household health risks – have a major influence on the choices they
make, including choices with regard to knowledge and innovation uptake.19 If and how this array of risks can be
incorporated in a comprehensive risk insurance and whether such an insurance would stimulate the purchase of
said seeds, cannot be concluded as the research is still ongoing.

14

18

This is a typical example of a broader look at CSA than merely looking at agriculture, as a wider lens is used to look at the stakeholders.

19

A separate Synthesis paper, to be published in early 2021, will focus entirely on risk perceptions and management.
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Insight 3: Local varieties of climate smart seeds and community seed banks can be vehicles for
scaling CSA, but require clear protocols on use and benefit sharing as well as connections to
national seedbanks
This insight confirms earlier findings on the importance of governance of communal seed banks (e.g. Vernooy et
al., 2017) and is related to one of the lessons from the institutional pathway on the need for well-functioning
community-based organisations. For seed banks, training in selecting, reproducing and storing seeds is
important, but to ensure sustainability of the initiative, equally important is the development of protocols
regarding access and benefit sharing of genetic resources. The project ‘Citizen’s science for nutritious varieties’
project aimed to build capacity of national plant genetic resources systems and enhance collaborative
partnerships and private sector engagement in the dissemination of climate smart nutritionally dense varieties. It
also focused on enhancing the capacity of farmers to produce high quality seeds. One of the (self-reported) key
knowledge insights of this project with respect to the ability to scale is the need for such protocols and
establishing institutional connections to national seedbanks, alongside more technological requirements (ability
to test and identify seeds)

3.2 The institutional pathway
Projects for which the institutional pathway was (most) important include the ‘Low emission development for
dairy’ project20 in East Africa (6), the ‘Climate resilient maize varieties’ project in Uganda (8), the ‘Upscaling CSA
through microfinance’ project21 in Tanzania (2)22 and the ‘Organisational structures for smallholder resilience’
project23 in five African countries (5).

20

Multiple pathways and inclusive low emission development: navigating towards leverage points in the East-African dairy sector (see Annex).

Upscaling CSA with small-scale food producers organised via VSLAs: Financing for adoption, behavioural change and resilience in rural Iringa
Region, Tanzania (see Annex).
21

The ‘Upscaling CSA through microfinance’ project focused predominantly on the institutional constraints for business development, which
explains its discussion in this section rather than in section 3.3.
22

Understanding and scaling Organizational structures for SMAllholder RElisience (OSMARE) in Malawi, Mozambique, Tanzania, Zambia and
Zimbabwe (see Annex).
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Insight 1: Insufficient access to finance and markets for inputs and/or outputs presents an
obstacle to adoption of CSA
This insight confirms the common perception that smallholders face more severe constraints than owners of
larger farms when aiming for investing in their businesses (e.g. see Oostendorp et al., 2019 for a review of these
obstacles in the context of finance). Particularly the access to improved seeds and finance, as well as guaranteed
markets for climate-resilient crops that are newly introduced in the area, is vital. The ‘Climate resilient maize
varieties’ project, discussed in 3.1, showed that only 15% of farmers buy quality assured seed from formal seed
markets despite the fact that this seed has a much higher yield potential and is often more drought tolerant than
the varieties (from home-saved and local market seeds) traditionally grown by farmers. The ‘Low emission
development for dairy’ project in Kenya and Tanzania, which aimed at identifying institutional conditions for
scaling low-emission development dairy interventions in an inclusive manner, pointed at the fact that scaling of
dairy output to reach urban consumers requires the (further) development of formal market structures for sales
of milk, away from the now largely local, informal markets. The ‘Upscaling CSA through microfinance’ project in
Iringa District, Tanzania, found that, while climate change impacts are felt along the entire agricultural value
chain and especially affect on-farm production, adoption rates of CSA practices are low, particularly among
small-scale women farmers. The lack of financial resources and (information about) markets were found to be
main causes for this low adoption. In particular, the project found that farmers do not adopt the CSA practices
that involve the adoption of new, climate-resilient cash crops (i.e. soybean) unless they are confident that there
are markets to sell their new produce. The project interventions to address these adoption bottlenecks are
discussed in Box 7.

Box 7: Combining financial and training instruments for scaling CSA in Tanzania
The ‘Upscaling CSA through microfinance’ project aimed to focus specifically on the disadvantaged position of
poor female farmers in Iringa District who are usually excluded from efforts to improve access to finance for, and
knowledge about CSA practices. The project therefore aimed to identify combinations of training and financial
instruments (based on insight in the gender-specificity of financial market functioning) that could help to
overcome bottlenecks to CSA adoption and scaling. The project identified main bottlenecks of savings and loan
associations, developed risk profiles for the study areas and developed a new institutional arrangement for
scaling CSA. It considered Village Savings and Loans Associations to address the lack of financial resources,
supported by Farmer Field and Business Schools as knowledge platforms that deliver agricultural and agribusiness knowledge on CSA to the involved groups. The project partner (CARE International Tanzania) adopted
this approach and played a pivotal role as an intermediary between the target group and the project due to the
lack of a well-functioning community group that could fulfil this role (see section 4). The project team suggested
that CARE will need to remain active for a long time to come to perform the brokering function between farmers
and other value chain partners, as currently there is no other entity capable to take on this responsibility. This
implies that external funding will remain crucial for scaling of CSA in the region.
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Insight 2: The cultural value of specific food items needs to be taken into account
Due to climate change impacts, cultivation of certain crops is becoming increasingly difficult (e.g. rice, maize) and
production of certain animal breeds is becoming inefficient (double purpose cows). However, the synthesis found
that the cultural value attributed to specific food items or animal breeds provides a barrier for farmers to change
to other crops or breeds that are better adapted to changing climatic conditions. The ‘Organisational structures
for Smallholder Resilience’ project24 has the firmest conclusion in this sense, with cultural norms preventing
adoption of new technologies or crops in general.25 This project aimed to understand what institutional
arrangements for CSA stimulate or inhibit smallholder resilience in five countries in East and Southern Africa. In
the project ‘Upscaling CSA through microfinance’ project in Tanzania, the local partner CARE made de choice for
soybean because they wanted to promote a crop with high nutritional value. As soy had not been farmed in the
region before, the team had to invest a lot in uptake, training farmers how to produce but also encourage
consumption of the crop. Initially, the farmers were quite skeptical about introducing soybean but gradually the
uptake increased as farmers started to see the benefits in terms of potential for income generation as well as
health.

Insight 3: It is not always necessary to raise awareness among target populations
For all projects discussed in this section, awareness raising was an important part of their activities because this
was considered key to research and knowledge uptake. Interestingly, several of the projects found that there
might be less of a need for awareness raising than they had anticipated. Specifically, the project to promote
climate resilient maize varieties in Uganda and the project in Tanzania that aimed to upscale CSA through
microfinance mention that farmers seemed well aware of the benefits of CSA practices such as improved seeds,
irrigation, intercropping, erosion control and conservation agriculture (crop cover, mulching, crop rotation).26
The Tanzania project only found a need for awareness raising for introducing of the ‘new’ crop soy (see above).27
Interestingly, several ARF projects emphasised the need for awareness raising of the CSA technologies or
approaches not so much with farmers, but with local governments. In Ethiopia, the ‘Farmer-led agroforestry’
project, which aimed to promote the integration of the Acacia saligna as a multipurpose tree into existing farming
systems, put considerable effort into convincing relevant government bodies of the tree’s value not only for the
rehabilitation of landscapes but also for farmer’s income and food security. This effort paid off in the form of a
government-led partnership that was established involving NGOs, private sector and district-level extension
officers, and the commitment from the government to establish seed multiplication centres for upscaling
adoption of the tree. The ‘Farmer-led soil innovation’ project in Uganda, discussed in section 3.1, equally focused
and capacity development among extension services as well as on awareness raising of the local government,
which resulted in a government-endorsed action plan to promote farmers’ initiatives for conservation agriculture.

Understanding and scaling Organizational structures for SMAllholder RElisience (OSMARE) in Malawi, Mozambique, Tanzania, Zambia and
Zimbabwe (see Annex).
24
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Again, this is an example of a broader look at CSA than merely the agricultural focus; what is the cultural embedding of CSA in the community?

26

See the Tanzania Country Climate Risk Profile Series Iringa District (publication by the project).

Projects (6) and (5) do not explicitly mention that farmers already are aware of climate change and the benefits of CSA, but do not report on the
opposite either.
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Insight 4: Well-functioning community-based organisations are important for scaling, or,
individualistic approaches may not be appropriate
This insight is stressed in the ‘Organisational structures for smallholder resilience’ and ‘Upscaling CSA through
microfinance’ projects but is equally stressed by projects that followed agro-technological or business
development pathways. The first part of the lesson is more practical: if there already is a well-functioning
community-based organisation (CBO) or cooperative that the project can link to then this works as a driver for
knowledge and innovation adoption (see section 5). The second point is more fundamental. Research insights
from the ‘Organisational structures for smallholder resilience’ project emphasised the importance of assessing
the (diverse) cultural norms and values of the groups one works with when planning interventions. The models for
CSA adoption that were researched in certain cases conflicted with deeper cultural traditions that value the
community over the individual – or, as farmers voiced this “‘two are better than one, when one falls the one lifts
up the other’”. Farmers found that the arrangements at times conflicted with the traditional social obligations
and could thus have repercussions also for their resilience. The project therefore stressed the importance of
reflecting on and addressing the issue of who are the potential ‘winners’ and ‘losers’ within and beyond
organisational structures that are introduced to promote CSA. The ‘Climate-smart financial dairies’ project in
Kenya, which will be discussed more in-depth in section 3.3, concludes that the benefits of CSA adoption seem
to be more pronounced when comparing Climate Smart Villages (CSV) with non-CSVs than when comparing
households practicing CSA or not (see also Box 8). The point is, of course, related to the discussions on the need
to consider social and societal aspect of technology adoption, a discourse in science since the 1980s, which
apparently has still had not been mainstreamed.

3.3 The business development pathway
The synthesis suggested that two projects took the least travelled business development pathway: the ‘Climate
smart dairy business models’28 project in Ethiopia and Kenya (1) and the ‘Climate smart financial diaries’29 project
in Kenya (4). Two other projects set out to take this same pathway, but had to change course based on initial
research findings. One is the ‘Upscaling CSA through microfinance’ project discussed in section 3.2, which had to
shift its focus to institutional change as conditions in the market for soy turned out to be different from expected,
and efforts had to refocus more on raising support for the shift towards cultivating soy. By the same token, the
‘Climate resilient maize varieties’ project in Uganda changed focus from a business development-oriented
narrow specification of crop insurance to a much wider one on general risk reduction for smallholders, turning it
into a more institutional project.
One key insight based on the two projects that followed the business development pathway is discussed below.
These projects moreover supported Insight 4 in section 3.2 on the importance of community approaches to
scaling CSA and Insight 2 in section 3.1 on the multifaceted risks that farmers face.

18

28

Inclusive and climate smart business models in Ethiopian and Kenyan dairy value chains (see Annex).

29

Using Climate-Smart Financial Diaries for Scaling in the Nyando Basin, Kenya (see Annex).

3 Dissecting CSA pathways

Insight 1: A thorough market or value chain analysis is imperative for proven innovations and
business opportunities to be taken beyond the validation stage
This insight reiterates well-known facts in business development, which are very important in the context of CSA
scaling. If the opportunities for profitability are not clear to market chain partners, as is often the case in a scaling
context, private sector actors may feel little incentive to conduct a thorough value chain analysis. The ‘Climate
smart financial diaries’ project in Kenya aims to contribute to developing and upscaling a business model that
would lead to adoption of CSA addressing three challenges: (1) designing a conducive financial environment that
enables upscaling, (2) identifying additional value chain partners to increase financial viability, (3) identifying
constraints, opportunities and required policy interventions at landscape level. To assess the scalability of the
current networks used for CSA-related activities – lending money for CSA activities, buying inputs and selling
outputs - the project performed a landscape mapping of the study region, looking at both the agro-ecological
and the socio-economic potential for scaling current agricultural activities.30 The mapping visualised the
networks the farmers are engaged in, for goods and services relevant to scaling (inputs, outputs, finance). This
led to the conclusion that the main barrier to scaling lies in the financial sphere, as networks for input and
outputs seemed to be less dependent on family, friends, the village and the community organisations – sources
and destinations that are very hard to scale. The visuals under Figure 4 illustrate some of the findings. They show
that farmers buy their agro-chemicals predominantly from shopkeepers, commercial entities that source their
products from input suppliers. A higher demand for agro-chemicals can therefore, presumably, be dealt with. On
the other hand, the main source for lending for farm inputs is the women/men/youth group, which has limited
financial assets, and does not allow scaling of activities. These insights identified the specific bottlenecks
associated with developing business models based on the CBO and showed the potential for business models
centred around suppliers/aggregators.
The ‘Climate-smart dairy business models’ project in Ethiopia and Kenya aimed at upscaling existing CSA
initiatives that aim at reducing GHG emissions in the diary sector by focusing on best practices both in dairy
farm management and throughout the value chain. The project produced a series of practice briefs, among which
a few that mapped out the environment of current dairy value chains. By identifying the main sources and
channels for feed and animal medication and the main outlets for milk, assessments of the likelihood of
succeeding in scaling could be made. Several ARF projects confirm the lesson that a thorough market/value
chain analysis is imperative. The ‘Farmer-led agroforestry’ project in Ethiopia identified an incomplete market
analysis as a main cause for not having been able to establish market outlets for acacia-based feed.

Figure 4: Sources of agrochemicals (a), sources of lending for farming inputs (b)

See the infonote “landscape mapping for upscaling CSA in the Nyando Basin, Kenya”.
https://ccafs.cgiar.org/publications/landscape-mapping-upscaling-csa-nyando-basin-kenya#.X5rPj0eSlPY
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Box 8: Relationships between CSA and FNS at household and community level in Kenya
The ultimate interest for scaling CSA is to improve the wellbeing of the farmers in a sustainable way. Food
security is one measure of wellbeing, and in the ‘Climate-smart financial diaries’ project, the data collected from
120 farming households over the entire period March 2019 – March 2020 was used to analyse the potential
impact of adopting CSA for food security and food security dynamics. The conclusions are that adopting CSA
measures at the individual level does not lead to improvements in food security, but that interventions covering
the community, i.e. those that address all CBO members, do have an impact. These include in particular training
and market access. The figures below illustrate the dynamics of the Household Dietary Diversity Score (HDDS), a
measure that assesses the quality of the diet. CSA households (households who have adopted CSA practices)
have a lower HDDS score than non-CSA households, particularly in the second part of the year, while CSV
(Climate Smart Village) households (households located in the villages where climate smart interventions where
first introduced) on the whole perform better (higher and more stable HDDS) than non-CSV households. Hence
households that have adopted certain CSA practices have a food security status that is worse than nonadopters, but adoption of an entire package at village level (training, extension, community group support) is
effective (in the sense of improving food security). The attribution of the improvement in food security to the
intervention for the case of CSV households can be made because the initial intervention was planned as a
Randomized Control Trial, which loosely speaking implies that households are selected such that there is no
initial difference between those that are subjected to the intervention and those that are not). In addition, it may
point at the need for supra-household measures, such as infrastructure linking households to input and output
markets, and access to veterinary services and information.

Figure 5: HDDS dynamics: CSA vs non-CSA households
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Figure 6: HDDS dynamics: CSV vs non-CSV households
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4 Drivers and barriers for scaling of CSA
The synthesis revealed that there are a few key drivers and barriers that projects encountered during
the implementation of their research and their efforts to contribute to opportunities for scaling CSA
technologies and approaches. On the whole, a picture emerged from our review that many different
actors and stakeholders were interested and quite eager to support the implementation and scaling
efforts of CSA research and interventions, but that the process towards impact was sometimes fraught
by the fact that local stakeholders have diverse agendas, interests, priorities and capacities. The three
key drivers and barriers identified all relate to organisational structures and stakeholder relationships
that can influence project progress and outcomes.

Community-based organisations (CBOs) and cooperatives played an important role in many projects. Almost all
projects worked with community groups, cooperatives, savings and loan groups, or specific sub-groups of those
larger entities (women groups within CBOs for example). The assumption is that those groups are best-placed to
raise awareness with farmers and get them on board for adoption of the CSA innovations or approaches.
Additionally, or alternatively, these groups are involved to act as partners in scaling CSA through training and
provision of inputs or credits, or as brokers between producers and other partners in the value chain (aggregators, input suppliers, formal financial institutions). Hence, it seems that the functioning of those groups is
pivotal to the success of the projects. For the ‘Climate-smart dairy business models’ project, the well-functioning
cooperative in Githunguri area played this role (see Box 8). A remarkable observation is that the cooperative’s
success implied that neither local government nor NGOs are interested in cooperating with this cooperative: it is
simply too successful already.31 For the ‘Climate-smart financial diaries’ project in Kenya, the two CBOs in the
study area where vital for a successful data gathering and interaction with farmers. Without the consent and
support of the CBO leadership, no activities could have been planned, while on the positive side, the CBO
leadership ensured that farmers were actively engaged in selecting promising business models for scaling CSA.
Other projects too confirmed the need for well-functioning groups. The ‘Upscaling CSA through microfinance’
project in Tanzania presents a different picture. In this case, the international NGO CARE took over the CBO
function because there was no functioning CBO in the area who could fulfil this role (see also Box 7). While this
might reduce the incentives for the establishment of a locally owned CBO, the project chose continued formal
NGO involvement over risking an end to their activities after project closure. Hence, a general lesson to be
learned from these experiences is that for scaling to be successful, either there must be a well-functioning local
organisation (cooperative, CBO) or an NGO willing to perform the roles of such an organisation for a long time.
Strengthening of existing CBOs and cooperatives through training and allocation of tasks is possible, but it does
not seem feasible to build such an organisation from the ground up in three-year projects. Securing ownership,
establishing viable governance structures, and safeguarding acceptance in established structures is unlikely
within this timeframe for such a new organisation to survive beyond the project duration.
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This of course presents a sharp contrast with the adagio that we should look for “champions” and “best practices”.
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Box 9: Githunguri cooperative in Kenya
Githunguri Dairy Farmers Cooperative Society Ltd. is considered one of the most successful cooperatives in
Kenya. It is located in Githunguri sub county, 50 km North of Nairobi City, and was formed in 1961 by 31 smallholder dairy farmers to improve the milk marketing. The cooperative currently has 24,936 members, all smallholder dairy farmers. The cooperative has 58 store outlets spread in the catchment area for the provision of
animal feeds, animal health products, dairy farm implements and basic human consumables like sugar, salt, rice,
corn flour. It collects between 200,000 to 300,000 kg of fresh milk per day from its members, using 82 milk
collection centres that are strategically located within 500 meters distance from members’ homes. The
cooperative operates as a business hub by availing a wide range of inputs and services to smallholder dairy
farmers who in turn supply milk to the cooperative. At the start of the ‘Climate-smart dairy business models’
project, over 90% of respondents were not aware of climate change and climate smart agriculture, however, it
was noted that farmers were already implementing practices that contributed to climate change mitigation.
Practices identified included high productive dairy breeds (Friesian cattle) and use of conservation agriculture
practices like mulching, intercropping, use of cover crops, and agroforestry. In addition, low emission ways to
deliver milk, like milk trolleys and bicycles, were used as well as emission free technologies like electric driven
chuff cutters, and electric water pumps. In general, farmers were focusing predominantly on productivity of
fodder; currently, CSA practices have been promoted and CSA practices are being upscaled by the cooperative.

The role of the private sector as pivotal actor in scaling of CSA – e.g. for linking to input and output markets as
well as financial services – was acknowledged by the project teams.32 However, the synthesis revealed that
unless there was already a well-functioning value chain (established either by a cooperative or brokered by an
NGO), it was very difficult to involve the private sector at a level beyond being interested, or to serve for data
gathering and analytical purposes. There are exceptions, such as the ‘Farmer-led agroforestry’ project in Ethiopia
that aimed to promote the integration of the Acacia saligna tree in smallholder farming systems, which purposefully invited a key private sector player, the Maichew Particleboard Factory, to take part in the project’s Technical
Working Group alongside government officials. The ARF project ‘Cassava for Food Security’ in Uganda, on the
other hand, identified many opportunities for value addition for cassava – from high quality flour and starch to
use in the bioethanol, breweries or biodegradable packaging industry – and mapped the investment opportunities. However, getting private partners and investors interested was not possible given the scope and the
available expertise of the project.
For the private sector, venturing in new geographical areas and/or products presents risks that can only partly be
analysed by the project team, given the specific focus of the project. For example, the analysis of the impact of
changing trade policies is not a part of the focus of any of the projects but may figure prominently in the risk
analysis of a private partner. It also seems that three years is too short a period to build a trusting relation with a
new private partner, which further diminishes the perspective of active and committed involvement. For at least
one project, the ‘Climate-smart financial diaries’ project, the COVID-19 and the policy response of lock-down
severely hampered efforts to build a relation with private partners as face-to-face meetings were not possible; in
addition, private partners see new risks and are less likely to venture into new areas than before the pandemic.
Hence, the key lesson here is that for three-year projects to achieve impact through scaling, existing wellfunctioning networks with the private sector are vital. Then, CSA innovations can be included in those existing
structures and value chains. In this sense, the box on the success of Githunguri also serves to illustrate this point.

The F&BR programme encouraged private sector actors to take part in the research consortia, based on the increasingly accepted notion in
international development arenas that public, non-governmental and private sector actors must collaborate to enhance business opportunities as
a driver for development.
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Box 10: A soil testing centre in Burundi
The ‘Fertile Grounds’ project33 in Burundi led to the establishment a first-of-its-kind soil testing centre in Burundi,
setting in motion a more effective awareness raising campaign by the government on better tailored and
environmentally more sustainable fertiliser usage. The standard practice in Burundi, promoted by the
government, was to use three types of fertiliser for all soil types. The research project identified the different
needs for fertiliser application for different agroecological zones in Burundi, and proved that smallholder
productivity could multiply when using fertiliser that matches specific soil requirements. Consequently, the need
for soil testing in Burundi grew. However, the project partners discovered that the only testing facility available
was located in Kenya, which made large-scale testing of smallholder soils impossible due to high costs and the
time incurred before receiving test results. The project then sought the support from the Embassy of the
Netherlands to set up a national soil testing centre; jumpstarting a more active involvement of the government
to promote a test-based fertiliser usage by smallholders. This project intervention, in a way, acted as a catalyst
for government policy to be more easily implemented and scaled.

Finally, the synthesis revealed that the involvement and agendas of local and national government agencies in
the project countries can act as a driver or barrier for scaling of CSA. Supportive local governments can play an
important role as they can create an enabling environment for the adoption of research-based CSA technologies
and approaches. This was apparent in several ARF and GCP projects. For instance, in cases where research
results were validated within the project lifespan, government and/or NGO extension officers started integrating
the methods in their curriculum and advice to farmers (e.g. ‘Farmer-led agroforestry’, ‘Fertile Grounds’, ‘Cassava
for Food Security’, ‘Low emission development for dairy’ and ‘Upscaling CSA through microfinance’ projects). This
might prove of key importance for ensuring continued adoption of the CSA technologies. The fact that the local
authorities had been actively invited to partake in project trainings and workshops was a key factor in their
positive collaboration, which in turn often lent credibility to the projects (e.g. ‘Fertile Grounds’ in Burundi, ‘Farmerled agroforestry’ in Ethiopia, ‘Cassava for Food Security’ in Uganda). Local governments in northern Uganda
prioritised sesame in their development plans and strengthened input regulation for sesame farmers because of
their engagement with the ‘Sesame Yield’ project. The ‘Farmer-led Soil Innovations’ project also in northern
Uganda similarly got commitment from local governments to an action plan to promote conservation agriculture
technologies, which were included in district development plans for sustainability. In the ‘Upscaling CSA through
microfinance’ project, officials from the local government of Iringa District in Tanzania pushed for CSA on the
district policy agenda, among other through participatory planning activities with farmers. The project tested a
new model designed by the NGO CARE for upscaling of CSA practices especially among female smallholders
growing soy. The longstanding relationship of CARE with the local district government in this case was an
important factor for the government’s constructive collaboration in the project. Half-way the project, however, an
unexpected change in Tanzania’s national trade policy largely cancelled the project’s opportunities for impact, as
it put a sudden end to the soybean export market.
This points at a dilemma that other projects also faced: while local authorities can be important partners
because of their local influence and their networks with both private sector businesses, farmers and extension
agencies, their influence is at the same time limited. This is why in a couple of projects, engagement with the
local government remained limited to getting their support for research permission and implementation,
especially data collection and farmer participation. The ‘Climate-smart financial diaries’ project in Kenya is an
example of this: due to extreme cutbacks on the local authorities, the influence they can exert is limited (e.g.,
extension services terminated and agricultural schools have been closed) and for the project it was therefore
more helpful to focus on CBOs, NGOs and businesses as partners. Another example is the case of the ‘Low
emission development for dairy’ project, which explicitly aimed at identifying alternative pathways to standard
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‘Building on fertile grounds in Burundi’ (see Annex).
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zero-grazing, productivity-enhancing, emission-reducing practices and processing. The project found that local
policy makers emphasised adaptation to drought and diseases, while national policy makers prioritise mitigation
to meet the targets of the Paris Agreement and favour single pathway solutions. Whereas national policymakers
favoured the development of advanced low emission value chains with milk processing by central units, over
80% of the produce milk was traded as non-processed. The project, therefore, raised awareness among stakeholders in the value chain and connected policy makers from local and national scale to pursue diversified value
chains.
Disruptions in on-going project developments due to changing government policies or trade negotiations on the
one hand, and the need for involvement of local actors – individually or preferably as collectives – including local
government officials, to realise change, suggest that any intervention aimed at transforming existing systems
into (CSA) desired systems must be undertaken during an extended period at multiple scales, involving multiple
actors, and being embedded in and supporting national policy priorities.
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5 Reflections
The analysis of the F&BR projects included in this paper was based on a comprehensive ToC developed
for this purpose, and which captures essential components of (climate smart) agro-technological
practices, a viable business environment for value chain development, and enabling policy and
institutional conditions for scaling of these practices and businesses. We argue that this ToC captures
most areas identified in development discourses over the past decades as essential for attaining
sustainable improvement of food and nutrition security in LMICs.

The analysis showed that most projects followed the agro-technological and institutional pathways, while fewer
projects invested in the business development pathway. The Call for the GCP 4 projects – the primary projects
reviewed for this paper – stated that “technical knowledge and availability of CSA technologies and practices are
not sufficient to achieve the ambitious goals of mass CSA adoption. Business models, and financial and other
incentives need to be understood and leveraged to boost adoption levels and deliver scaling strategies that have
the capacity to reach millions of farmers, including those that are marginalized”. The lessons learned from our
analysis appear to confirm this observation, however, given the dominant attention that was given to the agrotechnological and institutional pathways, conclusions on exactly how the business and financial incentives can
be most effectively leveraged cannot be drawn at this point. Nor can it be concluded from this synthesis study
whether or not, and under which conditions, there is a business case for CSA. The implementation of a comprehensive approach that encompass all three pathways, which indeed is expected to have the highest probability
of delivering actual changes on-the-ground in terms of improved FNS, calls for long-term efforts, which were not
within the financial and temporal scope of the GCP and ARF projects.
Each of the three pathways, however, generated key insights (discussed in section 4), complemented with
outcome stories from various projects showing the preliminary yet promising results of some of the individual
projects. The comprehensive ToC proposed in this paper may serve as a generic guideline to be tuned to specific
situations in future Research4Impact projects, which may take national or sub-national scale levels as entry
point in identifying and emphasising local processes of change towards achieving FNS for all.
A cross-cutting insight across the different pathways concerns the possible trade-off or synergies between
different SDGs. The ‘Climate smart dairy business models’ project signalled potential trade-offs between SDG 1
(poverty reduction) and SDG 13 (climate action) and SDG 15 (life on land). It showed that increasing productivity
of dairy cows may increase income, but requires the import of feed from outside the region, and upscaling of the
number of animals brings with it the need for adequate manure management to prevent local nutrient surpluses
if manure management is not improved, and local environmental degradation and loss of biodiversity. A similar
observation was put forward by the ‘Nutrient management tools’ project. Optimising fertiliser application to
increase yield and enhance nutrient use efficiency is considered climate smart, but consequent high or increased
fertiliser use still raises overall emissions – as happened in the EU over the past decades – when no efforts are
made to innovate the fertiliser products themselves. Improving efficient fertiliser use in the name of CSA is
therefore not enough to catalyse the required transformation for innovations in fertilisation. An example on
potential synergies is Increased women’s empowerment and control over production assets captured in SDG 5,
which may relate to enhanced nutrition security (SDGs 2 and 3 on good health). The Biochar project (see box 6)
linked women empowerment (SDG5) to food and nutrition security (SDGs 2 and 3), and SDG 13.
These findings highlight the need to take a food system perspective, as this allows the discovery of trade-offs
and synergies, and may point at a need to further emphasise the possibility of such interactions in further
research and interventions.
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