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Abstract

Both the demand for food and the environmental impacts of food production are estimated
to significantly increase by 2050. Agroecological interventions have proven effective in
facilitating the transition from current food production systems to more sustainable ones.
These interventions can not only ensure more equitable food and nutritional security but
also address poverty and reduce environmental impacts. As such, agroecological interven-
tions can generate both private and public ecosystem services. Farmers play a key role
in how food is produced, as the practices they use are linked with their preferences and
expertise, as well as the constraints they face. Understanding farmers’ preferences for the
adoption of different agroecological practices and their perceptions of the associated costs
and benefits is critical to informing policies that can effectively support farmers in tran-
sitioning to more sustainable practices, including those that contribute to the generation
of ecosystem services highly valued by broader society. To assess such preferences, we
conducted a survey among farmers in Western Kenya which included a best-worst scaling
experiment augmented by qualitative questions about the reasons for farmers’ views about
the importance of the benefits arising from agroecological practices. Results show that
farmers have strong preferences for adopting agroecological practices that generate pri-
vate goods and are directly related to increasing productivity and food security, including
improving health of household members. These may also include practices that have some
public good elements as well, such as increasing agrobiodiversity. However, practices
that generate broader public good benefits, including improved forest quality/coverage,
reduced off-farm environmental impacts, greater community-level resilience to shocks,
and improved landscape and wildlife management, were less important to farmers. Such
findings can be used to inform policies that support farmer adoption of agroecological
interventions best suited to different farming communities, as well as indicating the need
for additional types of market-based incentives, such as through Payments for Ecosystem
Service mechanisms.
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1 Introduction

Population growth, along with income growth — which impacts diets and food consumption
patterns — are two of the most important drivers of future trends in food demand (van Dijk
et al. 2021, Wezel et al., 2014). Total global food demand is expected to have increased by
30-62% between 2010 and 2050 (van Dijk et al. 2021). Commonly applied agricultural
practices to meet such demand include the use of intensive farming practices and cropland
expansion, resulting in long-term environmental impacts such as land degradation, loss of
biodiversity and pollution (Tilman et al., 2011; Newbold et al., 2015; Ickowitz et al., 2022).
The agricultural sector further generates more than a third of global anthropogenic green-
house gas emissions and is therefore a major driver of climate change (Crippa et al., 2021).
Without changes in food demand, diets, production methods and/or technological interven-
tions, the environmental impacts of the food production system could increase by 50-90%,
increasing the risk of ecosystem processes becoming destabilised (Springmann et al., 2018).

Transforming current food systems requires moving towards systems that are resilient,
mitigate climate change and support food and nutrition security, while addressing social
inequalities and poverty (Wezel et al., 2020; Kennedy et al., 2021; Singh et al., 2021).
Various concepts have emerged which encompass the technological changes and mitiga-
tion measures required to address the currently unsustainable strategies for increasing food
production. The most prominent and partly overlapping concepts for achieving such goals
include sustainable intensification, organic farming, regenerative and conservation agricul-
ture, ecological intensification and agroecology (see Ewert et al., 2023 for an overview).

Agroecology has received particular attention in recent years as an effective solution for
addressing the challenges associated with our food systems through contributing to improv-
ing food and nutritional security, as well as farmer livelihoods (e.g. Wezel et al., 2014;
Palomo-Campesino et al., 2018; Bezner Kerr et al., 2021; Deaconu et al., 2021; Gunaratne
et al., 2021; Pandey et al., 2022; Ewert et al., 2023; Mouratiadou et al., 2024). The use of
agroecological practices (AEPs) is particularly important and common in smallholder farm-
ing, which is estimated to occupy approximately 30% of all cultivated areas worldwide,
while accounting for about half of all food consumption (Graeub et al., 2016; Samberg et
al., 2016; Pandey et al., 2022; Ewert et al., 2023).

As defined by the United Nations Food and Agriculture Organization (FAO, 2018),
agroecology is “an integrated approach that simultaneously applies ecological and social
concepts and principles to the design and management of food and agricultural systems”.
While key principles, elements and transitional levels have been identified (for example
related to biodiversity and economic diversification), no definitive set of practices (such
as intercropping or composting) that could be labelled as agroecological has been defined.
Rather, practices may be classified along a spectrum related to, inter alia, their systemic
nature, environmental-friendliness and equitability. The flexibility of approaches and not
the fixed prescription of any particular method makes AEPs appropriate for use across a
range of contexts (Berthet et al., 2016; HLPE, 2019, Ewert et al., 2023). This flexibility of
AEPs can also foster capacity building through better incorporation of education, learning
pathways and processes (Chantre & Cardona, 2014; Cristofari et al., 2018). AEPs can also
lead to socio-economic benefits, such as fostering financial independence, market access
and autonomy, knowledge exchange, social equity and partnerships (Dumont et al., 2016;
Bezner Kerr et al., 2023). As such, AEPs result in the generation of both private and public
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good ecosystem services. Yet, while AEPs can reduce the negative impacts of conventional
farming, there are a range of constraints that reduce farmer potential for adoption. These
are generally related to access to and quality of information and markets, limited financial
capacity, perverse subsidies and limited linkages with extension agencies or local networks
of farmers (Baumgart-Getz et al., 2012; Schader et al., 2021). This leads to a gap between
the theoretical application of AEPs and their actual implementation (Dumont et al., 2016;
Toffolini et al., 2019).

Farmers choose to adopt AEPs which are economically viable and from which they
expect higher returns than from their current practices (Mohring & Finger, 2022), i.e.
that provide private benefits by contributing to the overall income and well-being of the
household (Misra, 2018). It is assumed that farmers thereby also choose practices that then
provide environmental services that also benefit the public such as climate mitigation or
improving public and environmental health through, for example, restricted use of antibi-
otics in animal husbandry and reduced synthetic pesticide use (Bezner Kerr et al., 2023).
Farmers make constant trade-offs and also make decisions based on intrinsic benefits which
are harder to expose (Bopp et al., 2019). However, if the private benefits of adopting AEPs
do not exceed the benefits of conventional practices, farmers will be unlikely to adopt them.
The challenge thus extends beyond merely supporting farmers to adopt AEPs that improve
their capacity to capture private good benefits under institutional, technical and economic
constraints (Baumgart-Getz et al., 2012), but also to motivate adoption of those practices
that generate public goods.

Our study therefore aims to assess smallholder farmer preferences for AEP adoption in
two counties in Western Kenya (Kisumu and Vihiga). A survey-based preference elicitation
best-worst scaling (BWS) experiment was conducted with farmers in which they were asked
to trade-off a range of private and public benefits arising from AEP adoption This work
seeks to makes two contributions. Firstly, the results may be used to inform policies that can
better support farmers to transition to more sustainable agriculture through the use of AEPs,
including those that generate the ecosystem services that broader society might value. This
is within a context of the challenges that Kenya faces in terms of a growing population, loss
of agrobiodiversity, declining soil fertility, low agricultural productivity, poor agricultural
diversification, emerging pests and diseases, as well as overuse of synthetic agrochemicals
(Mburu et al., 2016).

Secondly, the study contributes to a growing body of literature regarding advanced meth-
ods for identifying preferences for the adoption of innovations and technologies, and for a
better understanding of why choices are made. For this, a combined analysis of choice data
and qualitative data was undertaken. Often, BWS results are presented on their own but
here we verify the results by analysing open-ended follow-up questions which explore why
farmers made the choices they did in the BWS experiment. This supports the interpretation
needed to make sound policy recommendations.
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2 Materials and methods
2.1 Research area

Kisumu and Vihiga counties in Western Kenya were selected for this study given previous
interventions focusing on crop diversification, climate smart agriculture and other sustain-
able land management practices implemented by a number of different organisations (Gotor
& Irungu, 2010; Kinyangi et al., 2015). In Kisumu County, Nyando, a sub-county with a
population of 1.16 m and an average household size of 3.8 (KNBS, 2019) was selected for
the purposes of this study. Nyando is characterised by a bimodal rainfall pattern and is sub-
ject to both drought and floods. Average annual rainfall ranges from 1,200 mm to 1,500 mm
(MoALF, 2017). Agricultural activities include subsistence farming of food crops such as
maize, sorghum, millet, sweet potatoes, cassava and beans, as well as cash crops such as tea,
coffee and sugarcane. Dairy farming is also important.

Vihiga is a small and densely populated (population 590,000 people; 1043 inhabitants/
km?) county. The average household size is 4.1 (KNBS, 2019). Agriculture accounts for
over 34% of the county’s gross product and for 80% of both direct and indirect employment
(County Government of Vihiga, 2023). Situated on the eastern edge of the Nandi Escarp-
ment, the county features hilly terrain with altitudes ranging from 1,300 to 2,000 m above
sea level. The climate is characterised by a bimodal rainfall pattern and an average annual
temperature of 23 °C. Average yearly precipitation is between 1,700 and 2,000 mm (County
Government of Vihiga, 2023). The county has a humid tropical climate and two agroeco-
logical zones, namely upper midland and lower midland zones (Jaetzold et al., 2005). The
majority of the people practice rainfed low-input subsistence agriculture on very small farms
(average 0.4 ha). The main cash crop grown is tea in the upper midlands. Other food crops
include bananas, beans, maize, sweet potatoes, cassava, groundnuts, sorghum and vegeta-
bles. Livestock, mainly cattle, poultry, sheep, goats, pigs and rabbits are kept throughout the
county. Agroecological interventions have been undertaken by farmers including as part of
projects promoting African leafy vegetables (Aura, 2013; Boedecker et al., 2019).

2.2 Data collection and sampling

Data were collected throughout November 2022 using a structured questionnaire in indi-
vidual farmer interviews. In addition to the BWS experiment, the questionnaire included
sections related to socio-economic and production system characteristics, such as farm size,
tenure, location, labour availability, main crops and livestock produced, challenges affect-
ing the farm, and farmer gender, age and education. After each of the BWS tasks, follow-up
open-ended questions were included related to the reasons why a particular attribute was
chosen as most or least important (see next section), with the aim of better understanding
why farmers made their particular choices. A first version of the questionnaire and BWS
experiment was tested in a pilot phase which consisted of two workshops (one in each
county). Ten farmers participated in each of the workshops. We used the workshops not only
to pilot the questionnaire but also to finalise the attributes to be used in the BWS experiment.
An initial set of 20 attributes which can be associated with the private and public benefits of
AEPs were identified based on a review of the literature, reports and in-depth key informant
interviews. Four of these attributes were subsequently eliminated from the main survey and
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final BWS experiment, as it was found that farmers considered these either to be unimport-
ant or strongly linked to other attributes (see next section).

Fifty-eight farmers in Vihiga and 36 in Kisumu were interviewed using a purposive sam-
pling method. Participants in both counties were selected from 296 pre-surveyed house-
holds based on their involvement in implementing AEPs. Local enumerators were hired
and trained to conduct the interviews in the local languages (Swahili, Dholuo and Luhya).
Given the substantial qualitative component and responses to the open-ended questions,
each interview took about 1.5 h.

2.3 Best-worst scaling design

Best-worst scaling (BWS) is a survey-based method used to measure people’s preferences
or attitudes regarding a set of attributes. In a BWS experiment, participants are presented
with a series of these attributes and asked to choose the best and worst attribute in each set
(Louviere et al., 2015). The method was firstly introduced by Finn and Louviere (1992) and
is based on the random utility framework (McFadden & Zarembka, 1974). BWS results
allow quantification of the relative importance that respondents place on each of the attri-
butes, thus providing a ranking.

The BWS method has several advantages over traditional rating scales or ranking meth-
ods, including increased sensitivity to differences in preferences, reduced respondent bias
and improved statistical power (Marley & Louviere, 2005; Tamas & Popescu, 2018). This
is partly because it is cognitively less challenging than full ranking exercises, particularly
when many attributes need to be ranked (Flynn et al., 2007). Rating scales such as Likert
have the problem that different respondents may associate different meanings to the cat-
egories used in the scales which makes comparing the results across different respondents
challenging (Marley & Louviere, 2005). BWS can also eliminate bias in the responses and is
therefore more objective than other types of rating and ranking methods (Tamas & Popescu,
2018).

The final 16 attributes (benefits of AEP adoption) for the BWS design are listed in
Table 1. As listing all 16 attributes and asking respondents to choose the best and worst
from those would be a cognitively challenging process, a restricted number of attributes
was presented simultaneously. Using a balanced incomplete block design (BIBD), 16 BWS
tasks were generated with six attributes each (Figure S1 in the Supplementary Materials).
The BIBD is the most common design for the type of BWS experiment applied here and
stipulates that every respondent sees each attribute the same number of times and that each
attribute co-occurs with another attribute the same number of times (Louviere et al., 2015).
Here, each attribute co-occurred with another one twice and each attribute appeared across
all 16 tasks five times. We used the package crossdes in R to generate the design (Sailer,
2015). Each respondent was presented with all 16 tasks.

2.4 Data analysis
There are two broad approaches to the analysis of BWS data, a counting and a modelling
approach (Louviere et al., 2015). Here, we only employed the counting approach as the

results generated in this way address our objectives — i.e. to reveal the relative importance
of an AEP attribute. Moreover, for BIBD, outcomes from the counting approach closely
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align with those from the modelling approach (Marley & Louviere, 2005). First of all, we
calculated Best (B) and Worst (W) scores for each attribute by counting the number of times
respondents chose an attribute as most important and as least important, respectively. The
BW scores were then calculated by subtracting the Worst score from the Best score. This
was done firstly on an aggregated scale, i.e. adding up all scores of all respondents, before
also being carried out on an individual level, looking at each individual and their 16 choices.
A positive BW score indicates that an attribute was chosen more often as being of highest
rather than lowest importance, and vice versa. The aggregated BW scores were then divided
by the frequency with which the attributes appeared, providing the aggregated mean BW
scores. As each attribute was included in five different tasks, the mean BW score for each
attribute could range from —5 (attribute chosen as least important four times) to +5 (chosen
as most important four times).

To facilitate interpretation of the importance of attributes, standardised BW scores are
often presented (Loose & Lockshin, 2013). For this purpose, we calculated the ratio score
by taking the square root of the aggregated Best score divided by the aggregated Worst score
(/B/W). The resulting coefficient indicates the choice probability relative to the most
important attribute (Marley & Louviere, 2005). This coefficient was then scaled by a factor
equal to the maximum square root of (B/W) so that the most important attribute was indexed
at 1. This provides a standardised ratio sale which can be interpreted as the percentage rela-
tive importance of each attribute to the highest ranked attribute. We used the support. BWS
package in R to analyse and visualise the BWS data (Aizaki, 2023), following the analytical
steps provided in Aizaki and Fogarty (2023).

In addition to the aggregated scores, we also calculated individual/ disaggregated scores
to explore preference heterogeneity for specific sub-groups of the sample, such as for
women and men (Finn & Louviere, 1992). We then conducted statistical analyses on the
individual mean scores involving non-parametric Kruskal-Wallis (KW) tests to link respon-
dents’ responses to their demographics and to identify factors influencing their choices and
preferences. We used non-parametric tests to check for differences between preferences and
farmer characteristics such as gender, village (location) and farm tenure. To test for a corre-
lation between age and preference we applied Spearman correlation tests (Spearman, 1904).
This test is a non-parametric test used to measure the strength and direction of the relation-
ship between two variables when at least one variable is ordinal or when the relationship is
not linear. It does not assume normality of the data or homogeneity of variance.

Results of a BWS often lead to attributes that have neither high nor low scores once
aggregated over all respondents and are consequently regarded as neutral. Individual farm-
ers, nevertheless, may have strong preferences in favour of them or against them. Follow-
ing-up individual decisions through open-ended questions allowed us to further differentiate
between attributes that were mostly neutral, and attributes for which a high polarity existed.
The data from the open-ended follow-up questions about why farmers made their choices
were transcribed and the reasons were categorised into the most commonly stated reasons.
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3 Results
3.1 Sample description

Responses of four farmers were not included as they did not fully complete the BWS experi-
ment. Slightly more women than men farmers were interviewed (Table 2). Most farmers
(80%) had a modest income of no more than 15,000 KSh (=USD 123) per month after tax.
Just over half the sample (54%) had attended or completed primary school as their highest
level of education, while the remainder had completed secondary (35%) and higher educa-
tion (11%). The majority of farmers (74%) owned the land they were cultivating and 71%
were full-time farmers, as compared to part-time farmers who also had income from non-
farming activities. The majority hired wage labour at certain times of the year (86%) and
69% found it difficult to find labourers. More than 80% stated they were very worried about
the effects of climate change.

3.2 Preferred attributes of agroecological practices

Table 3 presents the proportion of the counts where an attribute was chosen as most impor-
tant (B) and the counts where chosen as least important (W). Figure 1 depicts the rela-
tive importance, based on the standardised scale ratios, across all respondents. The highest
ranked attribute was ‘Improved health of household members’, followed by ‘Improved pro-
duction reliability’ which was considered approximately 5% less important. ‘Improved food
and nutrition of household members’ was ranked 10% lower. The least important attribute
was ‘No increase in labour requirement’ which was considered 82% less important than the
most highly ranked attribute (Fig. 1).

The mean scores across all respondents and across the number of times an attribute was
present in the tasks, i.e. the standardised mean BW scores, were similar (although not identi-
cal as a result of the normalisation process) to the scale ratios. The attributes with a positive
value were selected more often as most important rather than least important by respon-
dents; while the attributes with negative values were selected more often as least important
rather than most important (Table 3, column ‘Std. mean BW”). ‘Improved food and nutri-
tional security of household members’ was perceived as being the most important, with
‘Improved health of household members’ in second place (unlike its top ranking as per the
relative score ratios), followed by ‘Improved farm soil quality’ and ‘Improved production

Table2 Sample description Characteristics Percent
Female 63
Average age in years (SD; median) 45.8 (14.2;44.5)
Education

primary school 54

secondary school 35

higher education 11
Have own plot 74
Full-time farmer 71
Location

Vihiga 38

Kisumu 62
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Table 3 Results of the best-worst scaling (BWS) experiment

aggregated individual
Attribute B W BW Ratio Std. Mean Std.
scale ratio BWS mean
scale BW
Improved health of household members 187 39 148 2.19 1.00 1.57 0.26
Improved production reliability 116 26 90 211 096 096 0.16
Improved food and nutritional security of household 214 55 159 197 090 1.69 0.28
members
Improved farm soil quality 147 52 95 168 0.77 1.01 0.17
Additional income associated with the adoption 133 58 75 1.51 0.69 0.80 0.13
Increased crop and/or livestock diversity 142 68 74 145 0.66 079 0.13
Improved access to extension services 149 106 43 1.19 0.54 046 0.08
Improved potential to adapt practice to farm context 64 76 -12 092 042 -0.13 -0.02

Improved local community land management for beauty 50 97 -47 0.72 0.33 -0.50 -0.08
and wildlife

Reduced off-farm environmental impacts 29 77 -48 0.61 028 -0.51 -0.09
Improved local community ability to withstand shocks 52 119 -67 0.66 030 -0.71 -0.12
Improved forest quality and/or coverage 64 149 -85 0.66 030 -090 -0.15
Minimal costs associated with the adoption of technology 36 122 -86 0.54 0.25 -091 -0.15
Reduced need for chemical inputs 70 166 -96 0.65 030 -1.02 -0.17
Reduced need for agricultural water use 25 129 -104 044 020 -1.11 -0.18
No increase in overall labour requirement 25 164 -139 039 0.18 -148 -0.25

B: Best; W: Worst; Std: standardised

Improved health of household members 1.000
Improved production reliability 0.965
Improved food and nutritional security of household members 0.901
Improved farm soil quality 0.768
Additional income associated with the adoption 0.692
Increased crop and/or livestock diversity 0.660
Improved access to extension services 0.541
Improved potential to adapt practice to farm context 0.419
Improved local community land management for beauty and wildlife 0.328
Improved local community ability to withstand shocks 0.302
Improved forest quality and/or coverage 0.299
Reduced need for chemical inputs 0.297
Reduced off-farm environmental impacts 0.280
Minimal costs associated with the adoption of technology 0.248
Reduced need for agricultural water use 0.201

No increase in overall labour requirement 0.178

00 01 02 03 04 05 06 07 08 09 10

Fig. 1 Standardised attribute scores across all respondents in relation to the attribute with the highest
score (100%)
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reliability’. Additional income generated from the adoption of an AEP and increased agro-
biodiversity were the fifth and the sixth most important attributes. ‘No increase in overall
labour requirement’ was, again, the least important attribute considered when adopting an
AEP and the initial adoption cost of the new practice was also considered to be unimportant.

The impact of four covariates were tested on farmers’ preferences: gender, age (continu-
ous variable), county location (Kisumu or Vihiga) and farm tenure (farmer ownership, as
opposed to tenancy). Gender explained only very few variations in preference. Men were
more likely to assign a high score to complementary extension services access that could
support successful adoption of AEPs (KW=3.21, df=1, p-value=0.0731). Education had
only a small effect as well. Better educated farmers regarded the food security aspect as
more important than those with low education levels (KW=8.22, df=2, p-value=0.0164),
whereas ‘Improved local community ability to withstand shocks’ was more important for
farmers with low education levels (primary school; KW=6.012, df=2, p-value=0.0493).

Farmer owners assigned higher preference to increased agrobiodiversity (KW=3.26,
df=1, p-value=0.0711) and ‘Improved local community ability to withstand shocks’
(KW==6.38, df=1, p-value=0.0116) but less towards complementary extension ser-
vices access (KW=7.83, df=1, p-value=0.0051) and reliability (KW=3.90, df=1,
p-value=0.0482).

Farmers in Kisumu placed higher importance than those in Vihiga on the attributes asso-
ciated with the reduced need for chemical inputs (KW=5.84, df=1, p-value=0.0157), low
costs associated with AEP adoption (KW=10.77, df=1, p-value=0.00103), reduced off-
farm environmental impacts (KW=4.63, df=1, p-value=0.0313), improved forest qual-
ity and/or coverage (KW=7.39, df=1, p-value=0.0066), reduced need for agricultural
water use (KW=13.9, df=1, p-value=0.0002) and ‘No increase in overall labour require-
ment’ (KW=13.14, df=1, p-value=0.0003). However, farmers in neither of these counties
assigned positive scores to these attributes. Respondents in Kisumu were furthermore less
likely to prefer practices that were associated with access to extension services to improve
probability of adoption success than those in Vihiga (KW=3.17, df=1, p-value=0.0751).

The most significant difference between the two counties was regarding production.
Compared to farmers in Kisumu, those in Vihiga placed higher importance on the food
security aspect (median 3 to 1) (KW=26.86, df=1, p-value<0.0001), additional income
(KW=10.77, df=1, p-value=0.0010) and improved production reliability (KW=22.70,
df=1, p-value<0.0001), as well as on improved health of household members (KW =26.22,
df=1, p-value<0.00001). To a lesser extent, farmers in Vihiga also placed higher impor-
tance on improved soil quality (KW =6.06, df=1, p-value=0.0139) than farmers in Kisumu.

Type of farm engagement (full-time farmer, as opposed to part-time farmer with off-farm
employment) also moderately explained preference heterogeneity. For full-time farmers,
improved forest quality/coverage was more important (KW=5.91, df=1, p-value=0.0151)
and improved production reliability less important (KW=4.9084, df=1, p-value=0.0267)
than for part-time farmers who often have off-farm sources of income. There was a weak
negative correlation between the potential to adapt the practice to the particular farm
context and age (r = -0.18; S=163,756, p-value=0.0773), as well as between ‘Improved
health of household members’ and age (r = -0.2; S=166352, p-value=0.0511) and a posi-
tive correlation between no increased labour requirement and age (r=0.21; S=108966,
p-value=0.0395).
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3.3 Explaining preferences

The aggregated and individual BWS scores provide an indication of whether or not the
majority of farmers found an attribute most or least important. However, these scores pro-
vide less information about attributes not chosen as best or worst, or if the best and worst
scores cancel each other out and the reasons for choosing an attribute as best or worst
were not articulated or captured. The strength of preference for certain attributes is clearer
for some than for others. For example, in 47% of all choices involving ‘Improved food
and nutritional security of household members’, respondents chose it as most important,
while ‘Improved health of household members’ was most important in 43% of all choices
(Fig. 2; Figure S2 in the Supplementary Materials). By comparison, in only 12% of all
choices showing ‘Reduced need for agricultural water use’ and ‘No increase in overall
labour requirement’ did respondents choose the two as most important, while a majority of
respondents (>50%) considered them as neutral, i.e. selected them as neither most or least
important, or considered them as least important (>30%; Fig. 2). By contrast, for the attri-
butes ‘Reduced need for chemical inputs’ and ‘Complementary extension services access’,
a relatively low percentage of respondents indicated these two as neutral (37% and 33%
respectively). Instead, respondents were divided in their preferences. This divergence is also
evident in the reasons provided by respondents when explaining their choices. Table 4 lists
the most common reasons provided in response to the open-ended questions for choosing
each attribute as most and least important.

Farmers’ responses to those questions revealed a number of relationships between the
different attributes. There was, for example, a link between health and food security, with
farmers identifying food security as important for health and health as important for family
labour for food production. They argued that “good health will be achieved when the fam-
ily has enough food” and that “only healthy family members can work”. Similarly, farmers

Improved food and nutritional security of household members I 16% 37% 47% -
Improved health of household members 16% 41% 43% -
Improved farm soil quality | 17% 3% 40% =
Improved production reliability 12% 53% 36% I
Additional income associated with the adoption | 2% 41% 37% .
Increased crop and/or livestock diversity I 20% 39% 40% I
Improved access to extension services I 34% 33% 34% -
Improved potential to adapt practice to farm context I 23% 54% 23% I
Improved local community land management for beauty and wildlife | 30% 52% 18% I
Reduced off-farm environmental impacts I 27% 61% 13%
Improved local community ability to withstand shocks I 35% 43% 22% |
Improved forest quality and/or coverage - 37% 40% 23% I
Minimal costs associated with the adoption of technology - 33% 52% 15%

Reduced need for chemical inputs - 38% 37% 24% I

Reduced need for agricultural water use . 33% 55% 12%

No increase in overall labour requirement - 36% 52% 12%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fig. 2 Proportion of farmers choosing potential benefits of the adoption of agroecological practices as
most (blue, mean Best-Worst scores from 1 to 6), least important (red, mean Best-Worst scores from —6
to -1) or as neither most nor least important (grey, Best-Worst score of 0)
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chose improved food security as most important as it helps combat malnutrition in children
and provides a balanced diet for all household members. At the same time, it was also
important for income generation (Table 4).

Farmers often chose improved soil quality as most important because they considered
it to be linked to maintaining high levels of production reliability, with the overarching
reason being, once more, income generation. The attribute additional income from adopting
AEPs itself was chosen as most important because income was perceived as necessary to
be able to meet potential upfront costs of AEP adoption and to upscale production. Addi-
tional income was also considered important for a better lifestyle and higher quality of life.
‘Increased crop and/or livestock diversity’ was chosen as most important because of its link
to higher yields and also to provide the family with a diverse diet and different flavours.
‘Improved access to extension services’ was chosen as important to build capacity through
training, develop networks for knowledge exchange and to learn how to grow specific crops.

For those attributes of relatively low importance, it nonetheless remains interesting to
note the reasons given by those farmers who did state that they were the most important
for them. Some farmers wanted to learn how to improve the environment and landscapes to
make it more attractive for tourism which could provide a new income stream. The potential
of agrotourism was also mentioned as reason why ‘Improved local community land man-
agement for conservation of water sources, wildlife, beauty and agrotourism’ and ‘Improved
local community ability to withstand shocks’ were chosen as the most important attributes
by some farmers. The attribute ‘Improved forest quality and/or coverage’ was also linked
to attracting more tourists, besides also providing climate regulation services, and therefore
chosen as most important by some farmers. Those farmers that identified ‘Reduced need for
chemical inputs’ as most important stated this was related to economic, health and environ-
mental considerations.

Many attributes were rarely chosen as most important (Fig. 2) and for one attribute,
off-farm environmental impacts, only reasons for choosing it as least important were pro-
vided (Table 4). Reasons for choosing an attribute as least important were often motivated
by the lack of private use potential or irrelevance to the individual farming and household
situation. Many farmers, for example, stated that they did not have any forest land nearby
which they had access to and/or did not use forest resources, so they chose ‘Improved for-
est quality’ as least important. The same applied to improved community-level resilience
towards shocks, as many respondents did not consider that they have problems with floods
or droughts and hence did not consider the need to adopt AEPs to increase capabilities to
withstand these shocks (Table 4).

Reasons for choosing an attribute as least important were also largely motivated by the
intertwined benefits for human health and farm productivity. Those relatively few farmers
(Fig. 2) who chose ‘Improved health of household members’ as least important, argued that
this was not related to farming practices because they did not consume their own farm prod-
ucts but consumed food brought in from elsewhere. Another reason was that family health
is linked to having enough food, no matter what the farming practise is and, similarly, that
sufficient income to be healthy is required, no matter how that income is obtained.

The only reasons given why ‘Improved food and nutritional security of household mem-
bers’ was chosen as least important was that the household already had enough food. The
reason why additional income associated with the adoption of AEPs was chosen as least
important was that this was considered to follow automatically in the long-term when farm-
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ing is done well. Farmers in this context considered that increased income was a secondary
consideration for them and that rather family health and good food are the key to a thriving
farm.

Farmers provided more insights and reasons for those attributes chosen relatively often
as least important, i.e. those ranked as of being low importance and also the mid-ranking
attributes. The reasons for choosing ‘Improved access to extension services’ included cost
considerations for the service, no need for such advice (as was available through other con-
tacts) or limited confidence that the service would provide specific sought-after skills or new
knowledge (Table 4). The attribute ‘Increased crop and/or livestock diversity’ was selected
as least important as it was considered that that would require more space, water and good
soil to cultivate a larger diversity of crops. ‘Reduced need for chemical inputs’ was chosen
as least important because farmers were already not using these as an input, as opposed to
organic manure, or needed to use synthetic chemical inputs because of a lack of manure.
An additional consideration was a fear of declining productivity resulting from lower use
of such chemical inputs.

The reasons given behind choosing ‘Reduced off-farm environmental impacts’ as least
important were among the most diverse, such as considering that environmental steward-
ship was a role of the entire community rather than individual farmers. Farmers also related
this attribute to other issues that they considered more important, such as soil and forest
health which they already did. A few farmers also did not consider that environmental issues
are directly related to food productivity and security, and so did not consider this attribute to
be so important when deciding to adopt an AEP.

4 Discussion

This study presents results of an innovative application of a stated preference method, a
BWS experiment, with qualitative follow-up questions. Overall, the results indicate that
respondents considered a range of farm household private good benefits to be the most
important when making decisions about whether to adopt a new AEP. Family health,
improved household food/nutritional security, improved soil quality, production reliability,
additional income generation and increased crop/livestock diversity were identified as the
most important benefits of adopting AEPs (Fig. 2). Reasons for farmers choices and the
implications of the low importance assigned to the adoption of AEPs with principally public
good benefits are discussed below.

4.1 Private good benefits
4.1.1 Family health and productivity

Farmers valued family health as the most important potential benefit arising from adopt-
ing AEPs. This was not surprising and relates closely with the principles of agroecology
that such practices should support not only environmental health but also long-term human
health through better work conditions and higher quality of work (Bezner Kerr et al., 2023).
Previous studies have provided evidence that the application of AEPs can lead to improve-
ments in human health (e.g. O’Rourke et al., 2017; Deaconu et al., 2021). Family members
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provide low-cost labour and only healthy family members can work, as farmers noted in
the follow-up questions designed to better understand responses to the BWS experiment.
As such, healthy family members are also essential for farm productivity and food security,
with the high preference for benefits related to food and nutritional security also being as
expected. These two benefits, ‘Improved health of household members’ and ‘Improved food
and nutritional security of household members’ are intricately linked, with some farmers
arguing that the latter should come first because family health follows from that.

Reasons for identifying the benefits which are directly associated with high yield and
income (ranked second and third important) were that food security was related to produc-
ing enough food, which in turn was considered key to income generation, as well as main-
taining family health and nutrition (Table 4). Food security and sovereignty considerations
have been found to significantly impact the decisions to adopt AEPs in other countries (e.g.
Misra, 2018). Farmers in Vihiga assigned higher rankings to the farm productivity and food
security related benefits than their counterparts in Kisumu (Figure S3) showing their greater
need for these benefits for their livelihoods. Consequently, it would be expected that any
AEPs that are more directly focussed on generating these benefits are more likely to be
adopted by farmers in Vihiga.

4.1.2 Access to extension services

While the high rankings of the AEPs associated with private good benefits are relatively
straightforward to understand, it is with those that are ranked in the middle and with overall
negative BW scores (Table 3) where the results are particularly interesting and differences
between farmers most apparent. The availability of complementary extension services to
support successful adoption, for example, was positively ranked overall, although there
were equal numbers of farmers who considered this attribute to be least important (Fig. 2).
Many farmers remarked that reasons for this benefit to be considered important was the
provision of training needed to adopt new practices and enhanced networking. This aligns
with the principles of agroecology and findings that AEPs that include farmer networks
have been proven to have positive impacts on food security (Berthet et al., 2016; Bezner
Kerr et al., 2021). Knowledge transfer and exchange, including co-creation of knowledge,
as part of adopting AEPs also includes knowledge provision about the interaction between
environmental factors, productivity and human and environmental health (Oteros-Rozas et
al., 2019; Wezel et al., 2020; Bezner Kerr et al., 2021).

However, in rural areas farmers might not necessarily gain adequate information from
extension officers due to structural constraints and technological bias, making it less likely
for them to adopt environmentally-friendlier practices (Amoak et al., 2022). Farmers in
Vihiga perceived the benefits of potential extension service as less important than those in
Kisumu. Existing farmer support associations (such as community seed banks) resulting
from the ‘African leafy vegetables’ project in Vihiga meant that farmers in Vihiga thought
that they already had adequate access and ultimately considered other AEP attributes to be
relatively more important. Such findings could be used to target specific farmers for particu-
lar training sessions, and also to improve extension services to make them more appropriate
and appealing to more farmers.

Landowners placed higher importance on extension service availability (Figure S4 in the
Supplementary Materials), production reliability and additional income generation. Those
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leasing land tended to assign lower rankings to soil quality and agrobiodiversity compared
to landowners. Such findings may be explained by lower feelings of responsibility for what
happens to the land in the long term for non-land owners, particularly when lease agree-
ments are short-term and informal (Friis & Nielsen, 2016; Hammond Wagner et al., 2016).
Similarly, full-time farmers with no off-farm income valued this attribute more highly than
those who do farming part-time, potentially because of their higher dependence on the land
for their livelihoods.

4.1.3 Cost minimisation and additional income

We found that respondents were divided in their preferences towards minimising the costs
of AEP adoption. Respondents in Vihiga considered such costs to already be low, for exam-
ple for composting or crop rotation and by sourcing inputs on-farm, including cheap family
labour. By contrast, respondents in Kisumu attributed higher importance to the adoption
costs since they were generally more income-driven than those in Vihiga. AEPs are gener-
ally considered to use resources more efficiently and thus reduce costs (Wezel et al., 2020).
As such the results are unsurprising. However, if low costs of adopting a new, more labour
intensive practice hinges on cheap labour provided by family members, this could be chal-
lenging in the future. If opportunity costs for labour were higher, for example, leading to
family members being attracted away from farm work to other employment opportunities
or to pursue educational studies, the costs might become a more important issue for the
farming business.

Any additional costs of AEP adoption could also be met with the additional income
generated through the adoption of a new AEP. This benefit was considered more than twice
as important as minimising adoption costs (Fig. 1). Such additional income was considered
to be needed to compensate for any upfront AEP adoption costs and to increase production,
echoing results of similar studies (Antwi-Agyei & Nyantakyi-Frimpong, 2021; Dagne et
al., 2023).

4.1.4 Labour requirement

Equally intriguing and also linked to cost minimisation was the result that the ‘No increased
overall labour requirement’ attribute was ranked as the least important benefit of adopting
AEPs. This lack of importance was more pronounced in Vihiga and among farm owners.
Although specific reasons for considering this attribute unimportant were not provided, we
hypothesise that the ready availability of labour from younger family members, particularly
in Vihiga, could be a contributing factor. Farmers in Vihiga emphasised that, in their context,
the limiting factor is the availability of farmland rather than labour. However, this result was
nonetheless surprising as the lack of labour has been found to be a limiting factor to upscal-
ing productivity in similar contexts involving AEP adoption (e.g. Hennessy & Rehman,
2007; Morais et al., 2018; Antwi-Agyei & Nyantakyi-Frimpong, 2021; Ewert et al., 2023).
Labour shortages in rural areas can be caused by the changing aspirations of young people,
with their better education fostering rural outmigration to pursue other career paths (Morais
etal., 2018; Geza et al., 2021; Jansuwan & Zander, 2022). Furthermore, where new labour-
intensive technologies are to be adopted, labour shortages and the decreasing interest of
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younger people who could be the drivers behind such innovation (Assan et al., 2020; Dagne
et al., 2023) can compromise the degree of successful adoption.

4.2 Private benefits with potential public good dimensions
4.2.1 Soil quality and agrobiodiversity

The potential for improved farm soil quality was perceived as important for the depend-
ability of crop and livestock-related food production (see Table 4) and environmental
health. Better soil quality can be achieved by reduced use of toxic synthetic inputs as
part of AEP adoption (Bezner Kerr et al., 2023, among others), and can therefore also
counter environmental degradation and ground water quality decline which can be con-
sidered a public good benefit (Table 1).

Another benefit that was ranked important by farmers for stable and high productiv-
ity but also with a view to faciliting dietary diversity, was the potential for increased
use of crop and/or livestock diversity. Maintaining high levels of agrobiodiversity also
strengthens resilience as a risk-diversification strategy and to cope with (unexpected)
climatic, economic, and social shocks and disruptions (Di Falco & Chavas, 2009; Mali-
galig et al., 2021; Pandey et al., 2022). As such, increased use of diversity is often seen
as an important aim of AEP adoption (Wezel et al., 2020; Bezner Kerr et al., 2021;
Ewert et al., 2023; Drucker et al., 2024; Kliem, 2024). While farmers considered these
private benefits as important, the conservation of agrobiodiversity in the fields of the
rural poor also constitutes a global public good (Drucker & Ramirez, 2020; Drucker
et al., 2024) in the form of indirect use (e.g. resilience at the landscape scale), option,
bequest and existence values (Table 1).

4.2.2 Chemical inputs and water use

The two benefits related to reducing inputs, ‘Reduced need for chemical inputs such as
fertiliser and/or pesticide/herbicide’ and ‘Reduced need for agricultural water use’ are
also considered core elements of agroecology (Wezel et al., 2020; Bezner Kerr et al.,
2021). They provide both, private and public good benefits (Table 1). However, neither
type of benefit was regarded as very important when adopting AEPs in the context of
our study (Fig. 1; Table 3) In particular, farmers in Vihiga did not attribute high levels of
importance to these two benefits, mainly because they stated they already use very little
chemical inputs. They also stated that they depend on rainwater for which they said
they usually had plenty and can conserve water at low cost (see Table 4). As farmers do
not expect significant additional private benefits from these attributes, adopting AEPs
based on their potential for reducing chemical inputs and using less water is likely to be
considered a poor incentive for adoption. This despite the fact that both types of benefit
can greatly contribute to environmental health and indirectly to farm productivity.

4.3 Pure public good benefits

Respondents considered those attributes with purer public benefits, even community-
level ones, to be relatively unimportant. These include improved forest quality and/or
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coverage, reduced off-farm environmental impacts (pollution of groundwater, rivers
and/or streams; reduced carbon emissions), improved local community land manage-
ment for aesthetics and wildlife, and improved community-level resilience (Table 1).
All these potential benefits were of lower importance in Vihiga than in Kisumu (Figure
S3). This may be because farmers in Vihiga County consider themselves to be less
exposed to climate change risks and environmental degradation than Kisumu County.

4.3.1 Local community ability to withstand shocks

With an overall negative score (Table 3), farmers did not consider this benefit, which is
assumed to provide public benefits at the community level, as important when adopt-
ing AEPs. Respondents instead considered that their communities were not vulnerable
to floods and droughts, that on-farm soil management was a more effective means of
controlling pests/diseases and that a healthy well-fed population (i.e. higher priority
attributes) is essential for achieving such community-level resilience.

4.3.2 Off-farm environmental impacts

This is a pure public good benefit which is generated when many farmers apply sustain-
able practices such as AEPs across a given agroecological landscape (Table 1). Potential
long-term benefits may include climate change mitigation through emission reductions.
(Bezner Kerr et al., 2023). The overall scores were negative (Table 3) which means it
does not play an important role in farmers’ decisions to apply AEPs. The main reason
for this is that off-farm environmental impacts were largely considered to be the respon-
sibility of the community and to not address food security directly. This corroborates the
overall findings of our study, i.e. that if the benefits of AEPs do not directly contribute
to productivity or family heath, then farmers may well not take them into consideration
when making adoption decisions. This does not, however, necessarily imply that small-
scale farmers do not contribute to climate change mitigation. Climate change adapta-
tion and mitigation strategies often go hand in hand, with farmers constantly adapting
to changing conditions if it secures productivity and food security, often through the
application of traditional knowledge (Nyong et al., 2007; Ogunyiola et al., 2022).

4.3.3 Land management for aesthetics and wildlife and forest quality

Overall, the benefits ‘Improved forest quality and/or coverage’ and ‘Improved local
community land management for conservation of water sources, wildlife, beauty and
agrotourism’ had negative scores, signifying that farmers most often chose this benefit
as least rather than as most important. Many farmers who considered improved for-
est quality/coverage as unimportant stated that they did not have any such resources
nearby and consequently did not use any. Those who rated this benefit as important
did so because they considered it has a positive impact on climate and rainfall and can
help to attract tourism (Table 4). The prospect of attracting more tourists and increasing
agrotourism in the area was also mentioned as a reason for ranking land management
as important. However, the majority of farmers remarked that agrotourism would not
address food security, that their farms were too small and that their location is hard to
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access. They also said that they already struggle with population growth and that more
people would strain the food and housing systems. Such considerations accord with the
finding that while agrotourism might provide a new income stream, it is not necessarily
sustainable, unless it is clearly integrated into sustainable traditional agroecosystems
(Addinsall et al., 2017).

4.4 Policy implications

Our results overwhelmingly showed that farmers preferred benefits from adopting AEPs
that generate private goods related to food/nutritional security and family household
member health, rather than benefits that principally generate public good ecosystem
services. Public benefits related to reducing environmental degradation and deploying
higher levels of agrobiodiversity were only preferred because farmers directly linked
them to productivity and family health. If farmers do not expect the private benefits
from AEPs to be higher than public good benefits, the chances of farmers adopting those
are much reduced. This indicates the need for additional types of financial support to
facilitate the adoption of such public good AEPs, such as through the implementation
of Payments for Ecosystem Service (PES) incentive mechanisms (Batary et al., 2015;
Vainio et al., 2021).

Such incentive mechanisms could also be complemented by awareness-raising
amongst community members about the potential longer-term livelihood and sustain-
ability benefits of public good AEP adoption. This could be facilitated by additional
extension advice of relevance to those specific AEPs, given that farmers did appreciate
extension services as a benefit overall. In addition to training, this service could sup-
port efficient networking, increased farmer-to-farmer exchanges and social recognition
rewards; as well as information dissemination regarding potential incentive schemes to
assist farmers to cover any extra costs associated with the AEPs (see Mouratiadou et
al., 2024).

Although most farmers already showed a high awareness of environmental degrada-
tion and the effect on productivity, services that go beyond those that directly benefit
food production and family health (i.e. the public good services, as discussed previ-
ously) were of lower importance. Extension officers also have an important role to
play, in particular since extension service access was mainly regarded as a positive
aspect of adopting AEPs. While labour availability was not seen as a major constraint to
AEP adoption, understanding farming households’ choices in the context of the chang-
ing nature of opportunity costs vis-a-vis off-farm employment over time could well be
important.

Although the additional costs associated with AEP adoption were not considered
important, farmers still argued that they needed additional income to meet potential
upfront costs. Where such additional income might not necessarily materialise, an alter-
native approach would involve supporting farmers with payments in the early years of
the transition if there is evidence of income forgone associated with lower productivity
and yields and/or the need for upfront investments (Mouratiadou et al., 2024).

For future research, to determine the magnitude of farmer incentives needed to moti-
vate the provision of public good benefits and whether the willingness to pay for such
services is sufficient to secure them at scale, the associated BWS attributes may be the
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focus of more in-depth studies. This can be done through multi-attribute preference
elicitation methods applied to both farmers and the general public. The results could
inform the design and implementation of community-level PES schemes, building on
existing institutions of collective action, to effectively deliver public good ecosystem
services at scale.

5 Conclusions

To assess farmer preferences for adopting agroecological practices (AEPs) with differ-
ent attributes, a best-worst scaling (BWS) experiment was conducted with 94 farmers in
two counties in Western Kenya. Results show that improved health of household mem-
bers and household food/nutritional security were perceived as the most important attri-
butes or benefits of AEPs, together with others that generate private benefits related to
improved soil quality and production reliability, additional income and increased crop
and/or livestock diversity. Conversely, benefits for the broader public, such as improved
forest quality, community resilience, reduced off-farm environmental impacts, less
need for synthetic chemicals, and better landscape and wildlife management, were less
important to farmers. These findings highlight the need for support mechanisms like
Payments for Ecosystem Services (PES) to encourage the provision of public goods
and to identify which ecosystem services the public values most. This study also aimed
to advance BWS experiment methodology. Best-Worst (BW) scores indicate the rela-
tive preference strength for each attribute. A neutral score, where an attribute is neither
chosen as the best nor the worst by many participants, can complicate interpretation
as it shows no strong preference response. This ambiguity can reduce the reliability
and validity of the findings. To address this, this study included detailed discussions
with respondents after each choice to differentiate between truly neutral attributes and
those with high polarity (most or least important). Although time-consuming, gathering
detailed reasons for respondents’ choices is recommended for better clarity and insight
when performing BWS surveys.

Supplementary Information The online version contains supplementary material available at https:/doi.
org/10.1007/310668-024-05173-5.

Acknowledgements The project team also thanks the participating farmers for their time and the survey
work carried by the following field assistants: Phoebe Abor, Evalyn Adhiambo, Harrison Hezron Ambuko,
Humphrey Khalechi, Truphosa Nyangasi, John Obuom, Brian Okoth, Sarah Omollo, Collins Onyango and
Aggrey Opitah.

Funding Open Access funding enabled and organized by CAUL and its Member Institutions. This research
was funded by the CGIAR/CIRAD Transformative Partnership Platform on Agroecological Approaches and
the CGIAR Initiative Nature-Positive Solutions for Shifting Agrifood Systems to More Resilient and Sustain-
able Pathways through the CGIAR Trust Fund.

Open Access funding enabled and organized by CAUL and its Member Institutions

Data availability The data for this study will be made available on request.

@ Springer


https://doi.org/10.1007/s10668-024-05173-5
https://doi.org/10.1007/s10668-024-05173-5

K. K. Zander et al.

Declarations

Conflicts of interests The authors have no competing interests to declare that are relevant to the content of
this article.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons
licence, and indicate if changes were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material.
If material is not included in the article’s Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Addinsall, C., Weiler, B., Scherrer, P., & Glencross, K. (2017). Agroecological tourism: Bridging conserva-
tion, food security and tourism goals to enhance smallholders’ livelihoods on South Pentecost, Vanuatu.
Journal of Sustainable Tourism, 25, 1100-1116.

Aizaki, H. (2023). support. BWS: Tools for case 1 best-worst scaling. R package version 0.4-6. https://cran.r-
project.org/web/packages/support. BWS/index.html.

Aizaki, H., & Fogarty, J. (2023). R packages and tutorial for case 1 best-worst scaling. Journal of Choice
Modelling, 46, 100394.

Amoak, D., Luginaah, 1., & McBean, G. (2022). Climate change, food security, and health: Harnessing agro-
ecology to build climate-resilient communities. Sustainability, 14(21), 13954.

Antwi-Agyei, P., & Nyantakyi-Frimpong, H. (2021). Evidence of climate change coping and adaptation
practices by smallholder farmers in northern Ghana. Sustainability, 13(3), 1308.

Assan, E., Suvedi, M., Schmitt Olabisi, L., & Bansah, K. J. (2020). Climate change perceptions and chal-
lenges to adaptation among smallholder farmers in semi-arid Ghana: A gender analysis. Journal of Arid
Environments, 182, 104247.

Aura, S. (2013). The diversity of indigenous African leafy vegetables that are produced, consumed and sold
in various households in Vihiga district, western Kenya. Acta Horticulturae, 979, 249-254.

Batary, P., Dicks, L. V., Kleijn, D., & Sutherland, W. J. (2015). The role of agri-environment schemes in
conservation and environmental management. Conservation Biology, 29, 1006—1016.

Baumgart-Getz, A., Prokopy, L. S., & Floress, K. (2012). Why farmers adopt best management practice in
the United States: A meta-analysis of the adoption literature. Journal of Environmental Management,
96, 17-25.

Berthet, E., Barnaud, C., Girard, N., et al. (2016). How to foster agroecological innovations? A comparison
of participatory design methods. Journal of Environmental Planning and Management, 59, 280-301.

Bezner Kerr, R., Madsen, S., Stiiber, M., et al. (2021). Can agroecology improve food security and nutrition?
A review. Global Food Security, 29, 100540.

Bezner Kerr, R., Postigo, J. C., Smith, P, et al. (2023). Agroecology as a transformative approach to tackle
climatic, food, and ecosystemic crises. Current Opinion in Environmental Sustainability, 62, 101275.

Boedecker, J., Odhiambo Odour, F., Lachat, C., Van Damme, P., Kennedy, G., & Termote, C. (2019). Partici-
patory farm diversification and nutrition education increase dietary diversity in Western Kenya. Mater-
nal & Child Nutrition 15(3), €12803.

Bopp, C., Engler, A., Poortvliet, P. M., & Jara-Rojas, R. (2019). The role of farmers’ intrinsic motivation in
the effectiveness of policy incentives to promote sustainable agricultural practices. Journal of Environ-
mental Management, 244, 320-327.

Chantre, E., & Cardona, A. (2014). Trajectories of French field crop farmers moving toward sustainable
farming practices: Change, learning, and links with the advisory services. Agroecology and Sustainable
Food Systems, 38, 573—602.

Crippa, M., Solazzo, E., Guizzardi, D., Monforti-Ferrario, F., Tubiello, F. N., & Leip, A. (2021). Food sys-
tems are responsible for a third of global anthropogenic GHG emissions. Nature Food, 2, 198-209.

Cristofari, H., Girard, N., & Magda, D. (2018). How agroecological farmers develop their own practices:
A framework to describe their learning processes. Agroecology and Sustainable Food Systems, 42,
777-795.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://cran.r-project.org/web/packages/support.BWS/index.html
https://cran.r-project.org/web/packages/support.BWS/index.html

Using best-worst scaling to inform agroecological interventions in...

Dagne, H., Assefa, E., & Teferi, E. (2023). Sustainable use of soil and water conservation technologies and its
determinants: The case of the Handosha watershed. Omo-Gibe River Basin Ethiopia Earth, 4,315-330.

Deaconu, A., Berti, P. R., Cole, D. C., Mercille, G., & Batal, M. (2021). Market foods, own production, and
the social economy: How food acquisition sources influence nutrient intake among Ecuadorian farmers
and the role of agroecology in supporting healthy diets. Sustainability, 13, 4410.

Di Falco, S., & Chavas, J. P. (2009). On crop biodiversity, risk exposure, and food security in the highlands
of Ethiopia. American Journal of Agricultural Economics, 91, 599-611.

Drucker, A. G., & Ramirez, M. (2020). Payments for agrobiodiversity conservation services: An overview
of latin American experiences, lessons learned and upscaling challenges. Land Use Policy, 99, 104810.

Drucker, A. G., Pradel, W., Scott, C., et al. (2024). High public good values for ecosystem service attributes
of on-farm quinoa diversity conservation in Peru. Human Ecology, 52, 67-79.

Dumont, A. M., Vanloqueren, G., Stassart, P. M., & Baret, P. V. (2016). Clarifying the socioeconomic dimen-
sions of agroecology: Between principles and practices. Agroecology and Sustainable Food Systems,
40,24-47.

Ewert, F., Baatz, R., & Finger, R. (2023). Agroecology for a sustainable agriculture and food system: From
local solutions to large-scale adoption. Annual Review of Resource Economics, 15, 351-381.

FAO. (2018). The 10 elements of agroecology — guiding the transition to sustainable food and agricultural
systems. Food and Agriculture Organization of the United Nations (FAO).

Finn, A., & Louviere, J. J. (1992). Determining the appropriate response to evidence of public concern: The
case of food safety. Journal of Public Policy & Marketing, 11, 12-25.

Flynn, T. N., Louviere, J. J., Peters, T. J., & Coast, J. (2007). Best-worst scaling: What it can do for health
care research and how to do it. Journal of Health Economics, 26, 171-189.

Friis, C., & Nielsen, J. @. (2016). Small-scale land acquisitions, large-scale implications: Exploring the case
of Chinese banana investments in Northern Laos. Land Use Policy, 57, 117-129.

Geza, W., Ngidi, M., Ojo, T., Adetoro, A. A., Slotow, R., & Mabhaudhi, T. (2021). Youth participation in
agriculture: A scoping review. Sustainability, 13(16), 9120.

Gotor, E., & Irungu, C. (2010). The impact of Bioversity International’s African leafy vegetables programme
in Kenya. Impact Assessment and Project Appraisal, 28, 41-55.

Graeub, B. E., Chappell, M. J., Wittman, H., et al. (2016). The state of family farms in the world. World
Development, 87, 1-15.

Gunaratne, M. S., Radin Firdaus, R. B., & Rathnasooriya, S. I. (2021). Climate change and food security in
Sri Lanka: Towards food sovereignty. Humanities and Social Sciences Communications, 8, 229.

Hammond Wagner, C., Cox, M., & Bazo Robles, J. L. (2016). Pesticide lock-in in small scale Peruvian agri-
culture. Ecological Economics, 129, 72-81.

Hennessy, T. C., & Rehman, T. (2007). An investigation into factors affecting the occupational choices of
nominated farm heirs in Ireland. Journal of Agricultural Economics, 58, 61-75.

HLPE (2019). Agroecological and other innovative approaches for sustainable agriculture and food systems
that enhance food security and nutrition. A report by the High-Level Panel of Experts on Food Security
and Nutrition of the Committee on World Food Security, Rome, Italy. http://www.fao.org/3/ca5602en/
ca5602en.pdf [accessed April 2023].

Ickowitz, A., McMullin, S., Rosenstock, T., et al. (2022). Transforming food systems with trees and forests.
The Lancet Planetary Health, 6, E632—E639.

Jaetzold, R., Schmidt, H., Hornetz, B., & Shisanya, C. (2005). Farm management handbook of Kenya Vol
I, Natural conditions and Farm Management Information. second ed. Part A: West Kenya, Subpart A1:
Western Province. Ministry of Agriculture, Kenya in Cooperation with the German Agency for Techni-
cal Cooperation (GTZ).

Jansuwan, P., & Zander, K. K. (2022). Multifunctional farming as successful pathway for the next generation
of Thai farmers. Plos One 17(4), €0267351.

Kennedy, E., Webb, P., Block, S., Griffin, T., Mozaffarian, D., & Kyte, R. (2021). Transforming food systems:
The missing pieces needed to make them work. Current Developments in Nutrition, 5, nzaal77.

Kinyangi, J., Recha, J., Kimeli, P., & AtakosV (2015). Climate-smart villages and the hope of food security
in Kenya. CCAFS Info note. CGIAR Research Program on Climate Change, Agriculture and Food
Security (CCAFS). Copenhagen.

Kliem, L. (2024). Strengthening agroecological resilience through commons-based seed governance in the
Philippines. Environment Development and Sustainability, 26, 5367-5399.

KNBS (2019). Kenya Population and Housing Census Volume I: Population by County and Sub-County.
Kenya National Bureau of Statistics (KNBS). https://www.knbs.or.ke/?wpdmpro=2019-kenya-popula-
tion-and-housing-census-volume-i-population-by-county-and-sub-county [accessed April 2024].

Loose, S. M., & Lockshin, L. (2013). Testing the robustness of best worst scaling for cross-national segmen-
tation with different numbers of choice sets. Food Quality and Preference, 27, 230-242.

@ Springer


http://www.fao.org/3/ca5602en/ca5602en.pdf
http://www.fao.org/3/ca5602en/ca5602en.pdf
https://www.knbs.or.ke/?wpdmpro=2019-kenya-population-and-housing-census-volume-i-population-by-county-and-sub-county
https://www.knbs.or.ke/?wpdmpro=2019-kenya-population-and-housing-census-volume-i-population-by-county-and-sub-county

K. K. Zander et al.

Louviere, J. L., Flynn, T. N., & Marley, A. A. J. (2015). Best—worst scaling: Theory, methods and application.
Cambridge University Press.

Maligalig, R., Demont, M., Umberger, W. J., & Peralta, A. (2021). Understanding Filipino rice farmer pref-
erence heterogeneity for varietal trait improvements: A latent class analysis. Journal of Agricultural
Economics, 72, 134-157.

Marley, A. A., & Louviere, J. J. (2005). Some probabilistic models of best, worst, and best-worst choices.
Journal of Mathematical Psychology, 49, 464-480.

Mburu, S. W., Koskey, G., Kimiti, J. M., et al. (2016). Agrobiodiversity conservation enhances food security
in subsistence-based farming systems of Eastern Kenya. Agriculture & Food Security, 5, 19.

McFadden, D., & Zarembka, P. (1974). Conditional Logit analysis of qualitative choice behavior. In P.
Zarembka (Ed.), Frontiers in Econometrics (pp. 105-142). Academic.

Misra, M. (2018). Moving away from technocratic framing: Agroecology and food sovereignty as possible
alternatives to alleviate rural malnutrition in Bangladesh. Agriculture and Human Values, 35, 473-487.

MOoALF. (2017). Climate risk profile for kisumu county. Kenya county climate risk profile series. The Minis-
try of Agriculture, Livestock and Fisheries (MoALF), Nairobi, Kenya.

Mobhring, N., & Finger, R. (2022). Pesticide-free but not organic: Adoption of a large-scale wheat production
standard in Switzerland. Food Policy, 106, 102188.

Morais, M., Borges, J. A. R., & Binotto, E. (2018). Using the reasoned action approach to understand Brazil-
ian successors’ intention to take over the farm. Land Use Policy, 71, 445-452.

Mouratiadou, 1., Wezel, A., Kamilia, K., et al. (2024). The socio-economic performance of agroecology. A
review. Agronomy for Sustainable Development, 44, 19.

Newbold, T., Hudson, L. N., Hill, S. L. L., et al. (2015). Global effects of land use on local terrestrial biodi-
versity. Nature, 520, 45-50.

Nyong, A., Adesina, F., & Osman Elasha, B. (2007). The value of indigenous knowledge in climate change
mitigation and adaptation strategies in the African Sahel. Mitigation and Adaptation Strategies for
Global Change, 12, 787-797.

O’Rourke, M. E., DeLonge, M. S., & Salvador, R. (2017). Insights from agroecology and a critical next step:
Integrating human health. Agroecology and Sustainable Food Systems, 41, 880—884.

Ogunyiola, A., Gardezi, M., & Vij, S. (2022). Smallholder farmers’ engagement with climate smart agricul-
ture in Africa: Role of local knowledge and upscaling. Climate Policy, 22, 411-426.

Oteros-Rozas, E., Ravera, F., & Garcia-Llorente, M. (2019). How does Agroecology contribute to the transi-
tions towards Social-Ecological. Sustainability? Sustainability, 11(16), 4372.

Palomo-Campesino, S., Gonzalez, J. A., & Garcia-Llorente, M. (2018). Exploring the connections between
agroecological practices and ecosystem services: A systematic literature review. Sustainability, 10,
4339.

Pandey, D. K., Adhiguru, P., Momin, K. C., & Kumar, P. (2022). Agrobiodiversity and agroecological prac-
tices in ‘jhumscape’ of the Eastern Himalayas: Don’t throw the baby out with the bathwater. Biodiver-
sity and Conservation, 31, 2349-2372.

Sailer, O. (2015). Crossdes: Construction of crossover designs. Version 1.1-1. https://cran.r-project.org/web/
packages/crossdes/index.html [accessed April 2024].

Samberg, L. H., Gerber, J. S., Ramankutty, N., Herrero, M., & West, P. C. (2016). Subnational distribution
of average farm size and smallholder contributions to global food production. Environmental Research
Letters, 11, 124010.

Schader, C., Heidenreich, A., Kadzere, 1., et al. (2021). How is organic farming performing agronomically
and economically in sub-saharan Africa? Global Environmental Change, 70, 102325.

Singh, B. K., Arnold, T., Biermayr-Jenzano, P., et al. (2021). Enhancing science—policy interfaces for food
systems transformation. Nature Food, 2, 838-842.

Spearman, C. (1904). The proof and measurement of association between two things. American Journal of
Psychology, 15, 72-101.

Springmann, M., Clark, M., Mason-D’Croz, D., et al. (2018). Options for keeping the food system within
environmental limits. Nature, 562, 519-525.

Tamas, A., & Popescu, R. (2018). The advantages of using best-worst model for hybrid products. Interna-
tional Journal of Business and Management VI, 108—121.

The County Government of Vihiga. (2023). Vihiga, the 3 generation county integrated development plan
(2023-2027). Accelerating socio-economic transformation for a more competitive, inclusive and resil-
ient economy in Vihiga County. Kenya Literature Bureau.

Tilman, D., Balzer, C., Hill, J., & Befort, B. L. (2011). Global food demand and the sustainable intensification
of agriculture. Proc. Natl. Acad. Sci. USA 108, 20260-20264.

Toffolini, Q., Cardona, A., Casagrande, M., Dedieu, B., Girard, N., & Ollion, E. (2019). Agroecology as
farmers’ situated ways of acting: A conceptual framework. Agroecology and Sustainable Food Systems,
43, 514-545.

@ Springer


https://cran.r-project.org/web/packages/crossdes/index.html
https://cran.r-project.org/web/packages/crossdes/index.html

Using best-worst scaling to inform agroecological interventions in...

Vainio, A., Tienhaara, A., Haltia, E., Hyvonen, T., Pyysidinen, J., & Pouta, E. (2021). The legitimacy of
result-oriented and action-oriented agri-environmental schemes: A comparison of farmers’ and citizens’
perceptions. Land Use Policy, 107, 104358.

van Dijk M, Morley T, Rau ML, Saghai Y. 2021. A meta-analysis of projected global food demand and popu-
lation at risk of hunger for the period 2010-2050. Nature Food, 2, 494-501.

Wezel, A., Casagrande, M., Celette, F., Vian, J-F., Ferrer, A., & Peigné, J. (2014). Agroecological practices
for sustainable agriculture. A review. Agronomy for Sustainable Development, 34, 1-20.

Wezel, A., Herren, B. G., Bezner Kerr, R., Barrios, E., Gongalves, A. L. R., & Sinclair, F. (2020). Agroeco-
logical principles and elements and their implications for transitioning to sustainable food systems. A
review. Agronomy for Sustainable Development, 40, 40.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Authors and Affiliations

Kerstin K. Zander' - Adam G. Drucker? - Lillian Aluso* - Dejene K. Mengistu® -
Carlo Fadda® - Céline Termote* - Kristin Davis®

P4 Kerstin K. Zander

kerstin.zander@cdu.edu.au

Northern Institute, Charles Darwin University, Darwin, Australia
Bioversity International, Rome, Italy

Bioversity International, Addis Ababa, Ethiopia

Bioversity International, Nairobi, Kenya

> International Food Policy Institute (IFPRI), Washington, D.C, USA

@ Springer



	﻿Using best-worst scaling to inform agroecological interventions in Western Kenya
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Materials and methods
	﻿2.1﻿ ﻿Research area
	﻿2.2﻿ ﻿Data collection and sampling
	﻿2.3﻿ ﻿Best-worst scaling design
	﻿2.4﻿ ﻿Data analysis

	﻿3﻿ ﻿Results
	﻿3.1﻿ ﻿Sample description
	﻿3.2﻿ ﻿Preferred attributes of agroecological practices
	﻿3.3﻿ ﻿Explaining preferences

	﻿4﻿ ﻿Discussion
	﻿4.1﻿ ﻿Private good benefits
	﻿4.1.1﻿ ﻿Family health and productivity
	﻿4.1.2﻿ ﻿Access to extension services
	﻿4.1.3﻿ ﻿Cost minimisation and additional income
	﻿4.1.4﻿ ﻿Labour requirement


	﻿4.2﻿ ﻿Private benefits with potential public good dimensions
	﻿4.2.1﻿ ﻿Soil quality and agrobiodiversity
	﻿4.2.2﻿ ﻿Chemical inputs and water use

	﻿4.3﻿ ﻿Pure public good benefits
	﻿4.3.1﻿ ﻿Local community ability to withstand shocks
	﻿4.3.2﻿ ﻿Off-farm environmental impacts
	﻿4.3.3﻿ ﻿Land management for aesthetics and wildlife and forest quality

	﻿4.4﻿ ﻿Policy implications
	﻿5﻿ ﻿Conclusions
	﻿References


