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Abstract

Although agroforestry offers multiple benefits, its adoption by small-scale farmers remains low
in some regions in developing countries. Besides economic motives also intrinsic motivations
can influence farmers’ behaviour. This study identifies farmers’ intrinsic drivers to adopt
agroforestry based on the Theory of Planned Behaviour. Furthermore, it compares policy
instruments which address the intrinsic drivers to promote agroforestry adoption. Specifically,
an agent-based simulation model investigates whether the following interventions increase
adoption intentions 1) an information campaign to spread awareness of agroforestry benefits
to strengthen positive attitudes, 2) informing farmers about social norms to reinforce their
perception of subjective norm, and 3) providing trainings to improve farmers’ perceived
behavioural control. The research is applied to a case study in rural Rwanda. In line with the
Theory of Planned Behaviour, a partial least squares structural equation model confirms that
attitude, subjective norm, and perceived behavioural control influence farmers’ adoption
intention. The simulations demonstrate that all interventions significantly increase farmers’

intention to adopt agroforestry, but their effectiveness is rather small. The information



campaign targeting attitude causes the strongest increase. The relatively weak effectiveness of
the individual interventions can be enhanced by their combined implementation. Policy-makers
who aim to raise low agroforestry adoption rates should consider strategies that target intrinsic

drivers as alternatives to economic incentives.

Keywords: Agroforestry, Innovation Adoption, Theory of Planned Behaviour, Policy
Interventions, Small-scale Farming

JEL classification: 013, 021, Q18



1. Introduction

Scientists as well as policy-makers frequently promote agroforestry as a sustainable
agricultural practice to address climate change and food security challenges (Ndlovu and
Borrass, 2021; Rosenstock et al., 2019; WBGU, 2021). Agroforestry describes the integration
of trees with other agricultural activities (Abbas et al., 2017). As a sustainable agricultural
practice, it can produce food and non-food outputs, improve nutrient and water cycling, and
contributes to soil fertilization. At the same time, agroforestry mitigates climate change through
CO: sequestration and conserves biodiversity (Santos et al., 2019; Wangpakapattanawong et
al., 2017; WBGU, 2021). This practice promotes food security and increases resilience. Hence,
small-scale farmers in developing countries, whose livelihoods depend on agriculture and who
are especially vulnerable towards climate change, can benefit from agroforestry in particular
(Reppin et al., 2020; Wangpakapattanawong et al., 2017). However, the low uptake of
agroforestry in certain regions, especially in parts of Africa, poses an obstacle to realize its
numerous benefits (Amare et al., 2019; Do et al., 2020; Ndlovu and Borrass, 2021; Partey et
al., 2017). Governmental support can remove barriers and encourage small-scale farmers’
adoption (Baig et al., 2021; liyama et al., 2017, 2018b; Jacobi et al., 2017). Therefore, effective
policy measures are needed to raise low agroforestry adoption rates (Hilbrand et al., 2017,

Ndlovu and Borrass, 2021).

When developing effective policy interventions to support adoption, policy-makers need to
consider the reasons for low uptake rates and thus account for factors that drive farmers’
decision-making (Dessart et al., 2019; Meijer et al., 2015a). Numerous studies have established
that economic reasons can motivate farmers to adopt new agricultural practices (e.g. Cole,
2010; liyamaet al., 2018; Oduro et al., 2018; Staton et al., 2022). However, policy interventions

that are based on financial incentives may not be effective in certain cases. For example,



empirical evidence suggests that the fear of damaging their reputation may prohibit farmers
from adopting promoted practices (Lapple and Kelley, 2013; Sereke et al., 2016). Thus, social
norms and the desire to act in accordance with other people's behaviour can impact agricultural
decisions (Buyinza et al., 2020b; Chandrasekhar et al., 2018; Kremer et al., 2019; Llewellyn
and Brown, 2020; World Bank, 2015). Moreover, adoption may depend on farmer’s attitudes
towards on-farm tree planting, which can reflect perceived risks and subjective perceptions
associated with the practice (Buyinza et al., 2020a, 2020b; Jha et al., 2021; McGinty et al.,
2008; Meijer et al., 2015b; Olum et al., 2020). Furthermore, farmers’ opinions regarding their
abilities and control over the behaviour can influence their decision (Buyinza et al., 2020a,
2020b; McGinty et al., 2008). Complementing the empirical evidence, the Theory of Planned
Behaviour (TPB) postulates that behaviour is based on a goal-directed, deliberate decision
process and that behavioural intentions are formed by attitude, subjective norm (SN), and
perceived behavioural control (PBC) (Ajzen, 1991). Attitude describes the extent to which a
person holds a favourable or unfavourable evaluation of the respective behaviour. SN reflects
the beliefs whether important reference individuals or groups approve the behaviour, and PBC
describes the perceived ease or difficulty to perform the behaviour (Ajzen, 2006, 1991;
Fishbein and Ajzen, 2010; Lima and Bastos, 2020). Policy-makers should consider these socio-
psychological factors instead of implementing top-down supply-push approaches to develop
and implement effective interventions (Dessart et al., 2019; liyama et al., 2018b; Jha et al.,

2021; Meijer et al., 2015a).

To identify effective instruments that influence farmers’ agricultural decisions, a few authors
have compared different policy interventions. In the context of promoting tree planting and
forest conservation among landholders, previous studies have assessed the effectiveness of

financial incentives such as subsidies and payments for ecosystem services (e.g. Ruseva et al.,



2015; Salvini et al., 2016; Villamor et al., 2014; West et al., 2018). Only few authors have
tested behavioural, non-economic interventions to raise agroforestry adoption rates. For
example, Romero et al. (2019) stated that changes in perception and intention due to an
information campaign increased adoption among smallholder oil palm farmers in Indonesia.
Buyinza et al. (2020b) found that farmers who participated in agroforestry projects were
motivated by more positive evaluations and higher perceived capability to implement the
practice, whereas social pressure was more important to farmers who did not participate in the
project. The sparse literature on policy interventions based on behavioural insights in the field
of agriculture reflects the limited insights on the efficiency of these instruments for behaviour
change (Rose et al., 2018). Thus, more research testing different behavioural interventions is
needed to investigate how effectively non-economic policy instruments promote adoption

among small-scale farmers (Lourenco et al., 2016; Palm-Forster et al., 2019; Rose et al., 2018).

The purpose of this study is to identify intrinsic drivers of agroforestry adoption intentions
using the TPB. Furthermore, it aims to test the effectiveness of non-economic interventions
which address the identified intrinsic drivers to promote agroforestry adoption. An agent-based
model (ABM) simulates three policy interventions derived from the TPB and compares their
effects on small-scale farmers’ intention to cultivate diverse tree species on their farms. The
simulated policy strategies include 1) an information campaign to spread awareness of
agroforestry benefits to strengthen positive attitudes, 2) informing farmers about social norms
to reinforce their perception of subjective norms, and 3) providing trainings to improve
farmers’ perceived behavioural control over planting diverse tree species. The research is
applied to a case study in rural Rwanda, where agroforestry offers a promising pathway for
advancing livelihoods and food security as well as combating environmental problems

(Mukuralinda et al., 2016). The study contributes to the limited literature on behaviourally-



informed interventions in the field of agriculture. It provides insights into how interventions
derived from the TPB as alternatives to financial rewards or input provision can motivate
agroforestry adoption. Thus, the study supports policy-makers in evaluating cost-effective
strategies addressed at intrinsic drivers to raise agroforestry adoption rates.

The study is organized as follows. The subsequent chapter introduces the TPB. Chapter 3
presents the data and describes the ABM. The results are presented in chapter 4 and discussed

in chapter 5. The last section summarizes and concludes.

2. Theory of Planned Behaviour

To account for social influences and subjective perceptions when investigating agroforestry
adoption decisions, this study employs the Theory of Planned Behaviour. According to this
socio-cognitive theory, behaviour is directly determined by intention. The stronger the
intention to perform a certain behaviour is, the more likely its execution becomes. Intention
itself is formed by three TPB-constructs: attitude, SN, and PBC, as figure 1 illustrates (Ajzen,
2006, 1991; Lima and Bastos, 2020). A more favourable attitude, higher SN, and greater PBC

lead to a stronger intention to perform the behaviour in question.

"

Attitude \

Subjective
Norms

—

Perceived
Behavioural
Control

Intention Behaviour

Figure 2.1: Framework: Theory of Planned Behaviour.

Source: Adapted from Ajzen (1991) and Fishbein and Ajzen (2010).



Attitude is formed by salient beliefs about the behaviours’ likely outcomes and the subjective
evaluation of these outcomes (Ajzen, 2006, 2005, 1991; Meijer et al., 2016). Attitude as a TPB-

construct can be calculated as follows

1
Att = z bi * e
i=1

b; reflects the strength of each salient behavioural belief i, for example to what degree a farmer
believes that cultivating diverse tree species on their farm increases income. e; describes the
subjective evaluation of the belief’s attribute, e.g. to what extent the farmer approves increased
income. The products of the behavioural beliefs and their subjective evaluation over all I salient
beliefs are summed up to compute the construct attitude (Ajzen, 1991; Ajzen and Fishbein,

2000; Meijer et al., 2016).

SN captures the perceived social pressure to engage in or refrain from the behaviour as follows

1
SN = zni *m;
i=1

For calculating SN, each normative belief strength regarding the respective reference group’s
approval (n;) is multiplied by the individual’s motivation to comply with the respective group’s
approval (m;). Summing the products of all I salient reference groups yields the SN (Ajzen,

2006, 1991; Lima and Bastos, 2020).

The concept of PBC is related to an individual’s self-efficacy and captures key skills, past
experiences, and expected difficulties. Individuals perceive higher behavioural control if they

are convinced to have the relevant resources and opportunities and anticipate few obstacles to



perform the behaviour. The PBC can be expressed by summing up the products of each control

belief and the perceived power over these control factors as follows:

! 3

PBC = Zci*pi

i=1

c; describes the control beliefs, e.g. how likely individuals might encounter a control factor
when performing the behaviour. p; reflects the power over the respective control factor (Ajzen,

2006, 1991; Fishbein and Ajzen, 2010; Lima and Bastos, 2020).

Overall, the TPB provides a suitable framework for explaining decision-making and predicting
farmers’ behaviour (Buyinza et al., 2020a; Groeneveld et al., 2017; Hine et al., 2015;
Maleksaeidi and Keshavarz, 2019). Researchers have applied the TPB to explain farmers’ pro-
environmental behaviour, including agroforestry adoption (Buyinza et al., 2020a, 2020b;
McGinty et al., 2008; Meijer et al., 2016, 2015b; Sereke et al., 2016; Sood and Mitchell, 2004),
related management practices (Cahyono et al., 2020), farm forestry (Zubair and Garforth,

2006), and on-farm biodiversity conservation (Zeweld et al., 2017).

3. Data and Methodology

3.1 Study area

This study is applied to a case study in rural Rwanda. Rwanda is a land-locked country located
in the central African highlands occupying an area of only 26,338 km? (Bagstad et al., 2020;
FAPDA, 2016). A mountainous relief characterizes this country, whose altitude ranges from
900 m to 4500 m. Rwanda has a tropical climate with abundant rainfalls and mean annual
temperatures ranging from 16°C to 20°C (European Commission and Republic of Rwanda,
2006). With over 11 million inhabitants, Rwanda is the most densely populated country in

Africa (FAPDA, 2016). This population largely depends on rain-fed agriculture for their



livelihoods. Thus, agriculture is the main land use and contributes to almost 90% of total
employment (FAPDA, 2016; Nishimwe et al., 2020). Most farmers cultivate plots smaller than
one hectare, as the high population density makes land a scarce resource in this country (liyama
et al., 2018a; Nishimwe et al., 2020). During the last decades, natural forests and woodland
were converted into arable land, resulting in a severe loss of ecosystem services (Bagstad et
al., 2020). As a result, Rwanda’s agricultural sector faces major environmental challenges
including biodiversity loss, land degradation, and reduced productivity (liyama et al., 2018a;
Paul et al., 2018). Additionally, farmers in rural areas face high risks for soil erosion as most
of their plots are located on slopes (Bagstad et al., 2020; Republic of Rwanda and Ministry of
Agriculture and Animal Resources, 2020). Thus, agroforestry offers a promising solution to
address these challenges and provide benefits to farmers and the environment (liyama et al.,

2018a).
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Figure 3.1: Study area

3.2 Data collection

This study focused on three study sites located in Rwanda’s Western Province: Karago, Jenda,

and Nyundo sector, as figure 3.1 visualizes. These sectors reflect typical characteristics of



agricultural systems implemented in rural highlands of densely populated areas, where farmers
operate on small hillside plots and are exposed to environmental hazards such as landslides and
soil erosion. In this study area, a structured survey was conducted. The first part of the
questionnaire covered socioeconomic characteristics and farming activities. The second survey
section consisted of indicators to estimate the TPB-constructs. These TPB-indicators captured
the behavioural beliefs and their subjective evaluation (attitude), normative beliefs and the
associated motivation to comply (SN), as well as control beliefs and the perceived power over
these control factors (PBC) based on a five-point Likert scale. The sample comprised a total of
145 randomly selected small-scale farmers, who were interviewed in October and November

2020.

3.3 Data analysis
The survey data were cleaned and analysed descriptively in Stata 16 (StataCorp, 2019). A
partial least squares structural equation model (PLS-SEM) approach based on the software
SmartPLS 3 was used to operationalize the TPB-framework and estimate the relationships
between the latent TPB-constructs and the observable TPB-indicator items for identifying
relevant intrinsic drivers (Ringle et al., 2015; Stein et al., 2012). This multivariate model
maximizes the explained variance of the endogenous latent variables. One advantage of this
approach is its ability to enable forecasts (Hair et al., 2017). These descriptive and econometric
results formed the basis for the developed agent-based simulation model, which the next
section describes in detail. Analysis of Variance (ANOVA) was used to compare the simulated

policy scenarios using Stata 16.

3.4 Agent-based Model
Agent-based simulation models offer an advantageous tool to analyse the effectiveness of

policy interventions: by providing a virtual context-specific laboratory, they can examine
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alternative policy options in an ethical, time-, and cost-effective way (Ahrweiler, 2017; Gilbert
et al., 2018). The implemented ABM is based on the Biodiversity and Adoption of Small-scale
Agroforestry in Rwanda (BASAR) model (Noeldeke et al., 2022). The following presentation
of the implemented model is based on the Overview, Design Concepts and Details + Decision-
making (ODD+D) protocol (Grimm et al., 2020, 2010, 2006; Muller et al., 2013). Sections that
are identical to the previous model version are not presented here, but they can be found at

https://www.comses.net/codebase-release/55065bfb-08ec-4a15-9357-82797a82e7f0/. The

ODD+D protocol refers to the baseline scenario without any interventions. The policy

scenarios are introduced subsequent to the model description.

I. Overview:

I.i Purpose: The model examines how effectively different policy interventions targeting
intrinsic drivers derived from the TPB motivate Rwandan small-scale farmers to adopt
agroforestry systems with diverse tree species as an alternative to potatoes and wheat rotations.
It is addressed at policy-makers in the early stages of policy development. The model aims to
shed light on the suitability of different non-economic policy instruments to raise low adoption

rates and thus to support policy design.

I.ii Entities, state variables, and scales: The main model entities are the agents representing
small-scale farming households. These farming households decide whether to implement
agroforestry systems on their farms. They are characterized by variables describing their labour
force, land size, number of friends, and TPB-indicators. Table 8.1 in the appendix contains
further details regarding the household agents’ attributes. Households can be connected with
each other via links. Through these links households can exchange information about the
adoption of agricultural practices. The model’s spatial landscape is described by plot agents.

They represent the land owned by the farming households. The household agents’ behaviour
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https://www.comses.net/codebase-release/55065bfb-08ec-4a15-9357-82797a82e7f0/

determines their land cover. Table 8.2 in the appendix provides an overview over the plot agent
variables. The model includes space explicitly, based on approximated land sizes calculated
from the survey data. Each square grid cell represents 0.5 ha, and the model landscape

represents 60 x 60 ha. One time step represents one year.

I.iii Process overview and scheduling: During every time step simulated, the following
procedures take place in the order presented in figure 3.2. First, the plot agents representing the
agricultural ecosystem execute the vegetation transition. Subsequently, the farming agents
carry out the information exchange submodel, during which they can receive information about
agroforestry. The households that know about the agricultural practice decide whether to
implement agroforestry or continue to grow traditional crops. Next, farming households may
harvest produced agricultural outputs depending on their land use. Farmers who adopted
agroforestry on their plots must maintain the trees in certain years. Surplus family labour that
was not needed for the household’s farming activities is used to generate additional income.
Finally, outputs are updated. Once a household has adopted agroforestry, this land use is
retained for 20 years until the trees mature, and only then can households re-evaluate their
decision whether to adopt agroforestry again or return to traditional crop rotations. During each
procedure, the order of agents performing the respective procedure is random. The model
simulates time periods of 30 years, which is sufficiently long to cover the duration until timber

can be harvested from the agroforests.
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Figure 3.2: Agent-based model: process overview

I1) Design concepts

I1.i Theoretical and empirical background: The modified version of the BASAR model
simulates farmers’ decision to adopt agroforestry based on the TPB. It compares different
policy interventions aimed at strengthening farmers’ intention to plant diverse tree species on
their farms. Land use and land cover emerge from household-level decisions. Household

survey data from rural Rwanda provides the empirical basis for the model.

ILii Individual decision-making: The farming households who have not implemented
agroforestry decide about adopting this sustainable agricultural practice based on the TPB.
Thus, the model includes farmers’ objectives implicitly. The households compute their
individual attitude, SN, and PBC based on the PLS-SEM results using the TPB-indicators from
the survey. They calculate their intention as follows:

Intention; = wy, * Att; + wgy * SN; + Wppe * PB(; 4

with the weights wy.; = 0.43, wgy = 0.18, and wpg. = 0.13 in line with the PLS-SEM

results. Whereas the effects of attitude and PBC on intention remain constant, the influence of
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SN increases over time if the household is exposed to a large share of adopters in their network.
The computed value for intention is rescaled to match the model’s time scale and to fall in the

interval between 1 and 100 so that it can be interpreted as the adoption probability.

I Liii Individual sensing: The households are aware of their own state variables and their plot’s
current land cover. Additionally, they know quantities and prices of agricultural inputs and
outputs. They are also aware of who in their social network has adopted the agroforestry

system.

IL.iv Interaction: Farmers share information regarding the agricultural practice and who has
already adopted it through their social networks. Thereby, a high proportion of adopters in the

network reinforces the perception of the SN to adopt.

I1.v Heterogeneity: The farming households differ in terms of their state variables according
to the survey. As the items used to calculate attitude, SN, and PBC are also parameterized based

on the survey, farmers are heterogeneous in their intrinsic drivers and adoptions.

I1.vi Stochasticity: The initialization procedure comprises stochastic elements such as random
household and farm locations and establishment of connections with randomly selected
households. The information dissemination procedure contains randomness as farmers receive
information from an external information source or through their social network with a certain
probability. Farmers’ intention is implemented as an adoption probability. Furthermore,

farmers receive the policy intervention with a certain likelihood.
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I1.vii Observation: The main model outcome is the mean adoption intention. Further outputs
include land use and the proportion of households aware of the agricultural practice. The rate
of households aware of the agricultural practice is computed monthly, while the other outcomes

are reported annually.

[11) Details

I11.i Implementation details: The model was implemented in NetLogo 6.2.1 (Wilensky,

1999). The model code is available at https://www.comses.net/codebase-release/b6bel774-

519e-40b4-96f0-70ff9e2f7405/.

I11.ii Initialization: The model is initialised with 145 randomly located agents representing
farming households in the case study area. Their state variables are parameterized according to
the survey. A Watts-Strogatz network is established based on the reported number of contacts
with whom the farmers discuss agricultural issues. Such a network exhibits characteristics of a
small-world network such as relatively high clustering and short average distances (Borgatti et
al., 2018). Based on the land size reported in the survey, the closest landscape patches are
assigned to the households as their plots. Initially, all farmers cultivate potatoes and wheat
crops on their plots. Finally, global variables such as prices, outputs, and parameters related to

the TPB decision-making module are set up.

I11.iii Submodels

Because the vegetation transition, harvest, agroforestry maintenance, and update outputs

modules are identical to the original BASAR model version, the following section describes
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only the adjusted modules. The modified adoption decision is described in section IL.ii

Individual decision-making.

Information dissemination: Being aware of an innovative agricultural practice is a necessary
prerequisite for adoption. Households that have access to official information sources, such as
media, extension services, or their village heads, can obtain information about the agroforestry
system with a certain probability. Information initially enters the community via these official
information sources, but farmers may receive knowledge about agroforestry also through their
social network: if households have obtained information, they share it with other households
in their network with a certain likelihood. Whereas the other procedures are carried out

annually, information dissemination takes place monthly.

Employed work: Households can use surplus household labour, which was not needed for

their own agricultural activities, to generate additional income outside the household.

Policy intervention scenarios

The described baseline scenario is compared to three policy intervention scenarios. The first
policy intervention scenario simulates an information campaign that targets farmers’ attitudes.
The campaign promotes benefits of planting different trees species on farms, such as increased
incomes, timber availability, increased tourism, enhanced animal species diversity, and climate
change mitigation. The intervention is assumed to improve farmers’ behavioural beliefs. The
second simulated policy measure targets SN. By spreading messages informing about social
norms, this instrument aims at increasing the perceived social pressure on farmers to adopt
agroforestry. This policy tool is assumed to reinforce normative beliefs by disseminating

information about injunctive norms, e.g. that farmers’ friends and family support agroforestry

16



adoption, through the media or personalized messages. The third policy intervention involves
trainings on on-farm tree cultivation targeting PBC. It is assumed to increase farmers’
perceived power over control factors by improving their confidence in adopting agroforestry.
The interventions are implemented during the whole simulation period. Randomly targeted
farmers receive the interventions with a probability of 50% every year. The policy instruments
are assumed to affect farmers’ TPB-indicators related to behavioural beliefs, normative beliefs,
or perceived power. Specifically, the interventions are assumed to result in a two-unit increase
on the five-point Likert scale for the respective TPB-indicators, up to a maximum score of five
(medium impact). A sensitivity analysis tests an increase of one (low impact) and three points

on the Likert scale (high impact). The simulations were repeated 50 times for each scenario.

4. Results

Intrinsic determinants of agroforestry adoption intentions

This study identifies intrinsic drivers of agroforestry adoption decisions based on the TPB. A
PLS-SEM is used to estimate the relationships among the TPB-constructs and farmers’
intentions. According to PLS-SEM results, farmers’ attitude, SN, and PBC significantly impact
their adoption intentions, as figure 4.1 illustrates. Among the constructs, attitude has the largest
effect with a path coefficient of 0.425 (p=0.000). This indicates that attitude is the main
determinant of farmers’ intention to cultivate diverse tree species on their farms. SN has a
considerable, yet smaller, influence on intention, as the path coefficient of 0.182 reflects
(p=0.036). PBC exerts the lowest effect with a path coefficient of 0.131 (p=0.045).

Based on the survey results, the PLS-SEM provides further details into the TPB-constructs and
how they are formed. The survey responses suggest that the farmers hold generally positive
attitudes towards agroforestry as they associate positive outcomes with its implementation and

also value these beneficial outcomes. The factor analysis based on the survey results shows
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that out of the tested indicators the following aspects significantly shape farmers’ attitude:
income, tourism, environmental health, climate change mitigation, soil erosion protection, and
animal diversity. Furthermore, most respondents believe that other people are in favour of
planting diverse tree species, and farmers want to adhere to this perceived injunctive norm
according to the survey. The PLS-SEM shows that family and friends constitute the significant
reference groups. Consequently, the estimated SN also tends to be strong. The farmers
generally believe that certain control factors are important for planting diverse trees species,
and they have confidence in their abilities to control these factors. Specifically, most
respondents express that they themselves control planting different tree species and that they
personally feel confident to exert this control. Moreover, most farmers agree that planting
different tree species is feasible despite potential obstacles, such as extreme weather events,
lack of institutional support, insufficient knowledge, lack of land, and unavailability of
seedlings, and that they can personally overcome these obstacles, according to the survey and
the PLS-SEM results. Therefore, farmers’ estimated PBC also tends to be high.

The measurement model’s construct validity is evaluated as follows: composite reliability and
Cronbach’s o assess internal reliability, loading significances and average variance extracted
confirm convergent validity, and the Heterotrait-Monotrait-Ratio, Cross loadings, and the
Fornell-Larcker Criterion attest discriminant validity. Evaluating the structural model includes
assessing multicollinearity using the variance inflation factor and checking significance and
relevance of the constructs’ path coefficients as well as R?, f2, and Q? (Hair et al., 2017).
Evaluating the model’s goodness-of-fit shows that the tested values are within the
recommended ranges or support the underlying theoretical framework. Overall, this confirms

that the model is significant.
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Figure 4.1: Results of the PLS-SEM.
Note: R?=0.25. Q?=0.212. Weights and path coefficients of all shown indicators and constructs
are significant at a=5%.

Policy interventions addressing intrinsic drivers increase adoption intentions

To evaluate the impact of policy interventions derived from the TPB, an agent-based model
simulates their effects on farmers’ intention to adopt agroforestry. The results demonstrate that
the interventions targeting attitude, SN, or PBC all increase farmers’ adoption intention, as
figure 4.2 illustrates. The ANOVA confirms that the policy instruments lead to significantly
different intention levels (p=0.000, DF=3, F=343.25), with significant differences between all
interventions compared to the baseline scenario without any intervention. However, the effects
on intention are rather small. The intervention targeting attitude has the largest effect among
the policy measures and improves intention by 3 percentage points (p.p.). The interventions
targeting SN and PBC each increase intention by just 1 p.p. Combining policy measures to
target all three TPB-constructs at the same time improves intention by as much as 5 p.p.

(p=0.000, DF=7, F=712.99). Thereby, intention rises most if all three interventions are
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implemented simultaneously, followed by combining the attitude-intervention with targeting

either PBC or SN, as figure 8.1 in the appendix visualizes.
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Figure 4.2: Simulation results: intervention effects

The simulation results further show that in all scenarios intention significantly increases over
time (p=0.000, DF=2, F=152.45). This effect is due to the SN: when farmers are exposed to
more adopters in their social network, the perceived SN intensifies and consequently increases
intention. However, also this effect is rather small with an average intention increase of 1.5 p.p.

over the first five years, as figure 4.2 summarizes.
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Figure 4.3: Simulation results: mean intention over the first five years

A sensitivity analysis modifies several intervention parameters to assess the robustness of the
results. One change concerns strength of the policy effect on the TPB-indicators. This policy
effect is reflected by the assumed increase of the TPB-indicators’ Likert scale scores in
response to the interventions. According to the simulations, the strength of the intervention
effect on the TPB-indicators significantly affects intention, but the differences are less than 1%
(p=0.0132, DF=2, F=4.34). Specifically, intention levels increase significantly when the effect
strength rises from low to medium (p=0.041) or high (p=0.026). In contrast, increasing the
TPB-indicator effect strength from medium to high does not significantly alter intention
(p=1.000). Regardless of the effect strength, targeting attitude still provides the most effective
instrument. Further parameter alterations show that implementing the intervention for shorter
periods of time slightly, yet significantly, decreases intention (p=0.000, DF=3, F=37.81).
Moreover, intention to cultivate diverse trees improves significantly as the likelihood of
receiving the intervention increases (p=0.000, DF=8, F=136.98). However, this probability

needs to rise by at least 10 p.p. to affect intention at the 5% level generally.
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Whereas the previously described interventions target all TPB-indicators that form the
respective TPB-construct simultaneously, measures addressing only specific beliefs also
significantly increase farmers’ intention (p=0.000, DF=6, F=16.36). In particular, significant
impacts are obtained when interventions target behavioural beliefs related to animal species
diversity (p=0.0009), climate change mitigation (p=0.000), environmental health (p=0.000),
income (p=0.001), or tourism (p=0.000). However, the effects are very small (below 1 p.p.)
Similarly, interventions focusing on just one specific reference group to increase normative
beliefs have a very small (below 1 p.p.), yet significant, impact (p=0.000, DF=2, F=29.21).
Also, interventions that target single PBC-indicators significantly improve intention, with

effects below 1 p.p. (p=0.000, DF=2, F=24.03).

5. Discussion

Farmers’ intentions are intrinsically motivated
This study applies the TPB to explain farmers’ agroforestry adoption decisions. The PLS-SEM
results indicate that attitude, SN, and PBC significantly influence farmers’ adoption intentions.
These findings confirm previous results that these three TPB-constructs impact farmers’
decisions to cultivate and maintain trees on their farms (Buyinza et al., 2020a, 2020b; McGinty
et al., 2008; Meijer et al., 2015b) and to diversify their agricultural production (Senger et al.,
2017). Similarly, attitude and SN are important determinants also for on-farm biodiversity
conservation (Maleksaeidi and Keshavarz, 2019). Consistent with other studies, attitude is the
strongest predictor of intention in this application (Buyinza et al., 2020a; Fife-Schaw et al.,
2007). Overall, the results underpin the suitability of the TPB to explain land use decisions
where farmers act under the influence of social norms (Buyinza et al., 2020a; Groeneveld et
al., 2017; Hine et al., 2015; Maleksaeidi and Keshavarz, 2019) and that the related intrinsic

factors have high potential to explain farmers’ decision to adopt agroforestry in Rwanda.
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The PLS-SEM shows that farmers’ attitudes are shaped by their beliefs regarding income
generation but also climate change mitigation, environmental health, and soil erosion
protection among others. These findings suggest that farmers do not behave as perfect rational
profit maximisers. Instead, they also consider non-economic aspects in their adoption decision.
Thus, these results corroborate previous findings that income motivates farmers to implement
agroforestry (Mukuralinda et al., 2016; Ndayambaje et al., 2012; Oduro et al., 2018), but that
their perceptions of ecosystem services are also important drivers (Djalilov et al., 2016;
Mukuralinda et al., 2016). The identification of further motivational factors such as conserving
animal species diversity expands previous findings. The result that income is only one of
several factors motivating farmers to adopt has important implications as it suggests that
financial incentives such as subsidies may not suffice to increase agroforestry uptake (Castro
et al., 2020; McGinty et al., 2008). Because social and psychological factors motivate adoption
as well, they should be incorporated into policy design (Dessart et al., 2019; Sereke et al., 2016;
World Bank, 2015; Zubair and Garforth, 2006). Consequently, the TPB provides a helpful
framework to identify entry points for changing farmers’ motivations by targeting the internal

antecedents of adoption intentions (Hardeman et al., 2002; Steinmetz et al., 2016).

Policy interventions derived from the TPB have potential to improve agroforestry

adoption intentions

This study compares three interventions which are based on the TPB and aim at increasing
farmers’ intention to adopt agroforestry. The agent-based simulations reveal that the different
interventions significantly increase intention. Consistent with other studies, these results
confirm that changing social-psychological beliefs can change behavioural intentions (Ajzen,
2006; Fife-Schaw et al., 2007; Granco et al., 2019; Sheeran et al., 2016). Moreover, the findings

support the proposition that financial incentives and input provision alone do not suffice to
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increase farmers’ agroforestry adoption and should be complemented by non-economic

measures.

Among the simulated scenarios, the information campaign targeting attitude has the largest
effect on intention. This finding corroborates the frequently derived policy recommendation
that calls to increase awareness regarding the advantages of on-farm tree planting and
biodiversity conservation (Buyinza et al., 2020a; Djalilov et al., 2016; Jha et al., 2021; Lima
and Bastos, 2020; Zubair and Garforth, 2006). Specifying previous recommendations, the
present results indicate which benefits should be emphasized: policy-makers should promote
agroforestry as a pathway to mitigate climate change, improve environmental health, conserve
animal species diversity, increase tourism, and generate additional income. Thereby, policy-
makers can expect the greatest impact on attitudes and intention if they promote all these
beneficial outcomes simultaneously. Overall, the simulation results indicate the promising
potential of information campaigns to reinforce positive attitudes and reverse negative

attitudes.

The simulations reveal that also interventions targeting SN enhance farmers’ intention. These
results are consistent with previous studies showing that information about other farmers’
behaviour can encourage farmers to save water or maintain environmental service provision
after contracts end (Chabé-Ferret et al., 2019; Kuhfuss et al., 2016). For these studies,
researchers spread messages containing descriptive norms, e.g. what other people typically do.
In contrast, the norm investigated here is injunctive and thus refers to what farmers think others
expect from them (Cialdini et al., 1990; Dessart et al., 2019). In a study investigating social
nudges to improve tax compliance, messages containing injunctive norms had a smaller impact
on payment likelihood than messages containing descriptive norms (Hallsworth et al., 2017).

Also in the context of agroforestry adoption, injunctive norm messages have rather small
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effects, as the simulations demonstrate. In general, the findings are consistent with numerous
authors who report that the social context, particularly social pressures, influences farmers’
behaviour (e.g. Borges et al., 2014; Defrancesco et al., 2008; Martinez-Garcia et al., 2013;
Matuschke and Qaim, 2009; Mekonnen et al., 2018). This is because farmers may seek
approval from their reference groups or want to show their commitment to values shared by
these people (Martinez-Garcia et al., 2013). Social norms can be vital for agricultural decisions
because they may prevent farmers from adopting despite a positive attitude (Burton, 2004;
Buyinza et al., 2020b; Sereke et al., 2016), but may encourage farmers, even if they hold a
negative attitude (Borges et al., 2014). To harness the full potential of social norm messaging,
policy-makers should identify relevant stakeholders that shape the norm (Dessart et al., 2019).
In the case study, family and friends constitute the SN. This confirms other studies which report
that farmers were mostly influenced by people close to them, including family, friends, and
neighbours (Borges et al., 2014; Martinez-Garcia et al., 2013). Overall, despite the small
effects, the results support that informing about social norms has potential as a behavioural

nudge to increase adoption among small-scale farmers.

The simulations further indicate that interventions targeting PBC improves intention. In this
application, PBC captures farmers’ confidence to control planting different tree species and to
adopt agroforestry despite possible obstacles including extreme weather events, lack of
institutional support, insufficient knowledge, lack of land, and seedling unavailability. This is
consistent with findings from Uganda, where farmers’ PBC was based on their ability to
overcome economic barriers as well as their access to resources and required knowledge related
to tree planting and management (Buyinza et al., 2020a). Several authors report that the lack
of resources, such as seedlings and knowledge, is a common barrier to farmers’ cultivation of
on-farm trees (Djalilov et al., 2016; Mukuralinda et al., 2016; Oduro et al., 2018). The result

that improving PBC can enhance farmers’ intention is therefore consistent with other authors
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who state that trainings, for example, can encourage adoption (Coulibaly et al., 2017; liyama
et al., 2017). Overall, the results underpin that reinforcing farmers’ confidence to overcome
possible barriers through trainings provides a promising policy instrument to increase adoption

intention, but the impact might be small.

Despite their significance, the simulations reveal rather small intervention effects. Also Fife-
Schaw et al. (2007) conclude that small improvements in attitude lead to negligible behavioural
changes only and that modest changes in the probability of performing a behaviour require
large changes in the TPB-constructs (Fife-Schaw et al., 2007). The rather small intervention
effects in the case study are likely to be attributed to the fact that even without any intervention
farmers report strong behavioural and normative beliefs as well as high perceived power.
Positive behavioural beliefs and perceived power may origin from prior experience with
agroforestry, for example through previous projects, extension services, media, or own
implementation, which many farmers report in the survey. Furthermore, a lot of farmers report
problems such as poor soil quality and increased occurrence of flooding and landslides due to
extreme weather events. They may be aware that agroforestry can provide a solution to these
challenges and consequently hold positive beliefs. Additionally, the high levels of PBC suggest
that input availability is not a major barrier to most farmers, which also highlights that input

provision may only have limited effects on adoption behaviour.

The results indicate that combining interventions and targeting several TPB-constructs at the
same time enhances their effectiveness. Implementing several policy measures simultaneously
can have a bigger impact than a single one due to additive effects (Ajzen, 1991; Chatzisarantis
and Hagger, 2005; Fife-Schaw et al., 2007; Hagger et al., 2002). According to the simulations,
combining the information campaign promoting agroforestry benefits with additional

interventions appears especially promising. This is in line with other authors who suggest to
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link information provision with other behavioural interventions or material incentives such as
financial rewards or inputs (Hendrie et al., 2017; Meijer et al., 2015b; Romero et al., 2019;

Taghikhah et al., 2020).

Robustness tests

Confirming the findings’ robustness comprised two parts. First, additional to the intervention
scenarios as presented above, a sensitivity analysis investigated how changes in the model’s
parameters affected simulation results. The main findings were robust to changes in the social
network’s setup. The results were also robust to errors in the PLS-SEM estimation, as shown
by changing the TPB-constructs’ path coefficients and TPB-indicator weights to randomly
deviate from their estimated values up to 20%. Whereas the presented simulations targeted
behavioural and normative beliefs as well as perceived power over control factors, targeting
the respective subjective evaluations, motivation to comply, and control beliefs instead
delivered results consistent with the previous findings. Second, the non-parametric Kruskal-

Wallis test confirmed the ANOVA results.

Limitations and Future research

Several limitations should be noted. This study focuses on behavioural intentions rather than
agroforestry implementation because observations of the actual behaviour were not available.
However, an intention does not directly translate into action if farmers are incapable to engage
in the behaviour (Fife-Schaw et al., 2007; Steinmetz et al., 2016). Hence, if PBC does not
coincide with actual behavioural control, the model is likely to overestimate adoption. Yet,
PBC can serve as a proxy for actual control if farmers can realistically judge the behaviour’s
difficulty (Ajzen and Fishbein, 2000). Furthermore, the simulations did not directly address the

feasibility of changing behaviour through policy measures. Instead, the simulations aimed to
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evaluate a “what if”” scenario that investigates the suitability of successful interventions based
on the TPB. Although the model is empirically based and the decision-module has been
validated, the impacts of the different policy interventions on farmers’ actual attitudes, SN,
PBC, and intention are only assessed in the context of the sensitivity analysis, but they are not
verified against empirical observations due to data unavailability. Thereby, it is assumed that

farmers exhibit homogenous responses due to the interventions.

These limitations can stimulate further research. Future work could expand the ABM to
examine farmers’ heterogenous reactions to policy interventions. Another extension could
relax the assumption that each intervention only affects one TPB-construct by including spill-
over effects in the model. For example, farmers might discuss an information campaign and
thereby reveal a social norm. Furthermore, policy interventions could introduce novel beliefs
instead of altering existing ones (Ajzen, 2006). Experimental studies could empirically test the
impact of the different interventions on the three TPB-constructs. Further research could
validate and test the TPB-interventions in other contexts. Moreover, policy-makers should test
how farmers react to interventions that combine economic and non-economic incentives and

investigate associated crowding effects.

6. Summary and Conclusions

Although agroforestry systems offer numerous benefits for farmers and the environment, their
uptake among small-scale farmers in certain regions of Sub-Saharan Africa is low. Because
financial incentives can be limited to increase adoption rates, policy interventions targeting
intrinsic drivers might provide effective and cost-efficient alternatives to motivate
implementation. This study investigates intrinsic motivational factors of farmers’ agroforestry
implementation decisions and how effectively policy interventions addressing these intrinsic

drivers improve adoption intentions. A PLS-SEM identifies intrinsic adoption drivers based on

28



the TPB. An ABM, which was applied to a case study in rural Rwanda, simulates the following
interventions: 1) an information campaign to spread awareness of agroforestry benefits to
strengthen positive attitudes, 2) informing farmers about social norms to reinforce their
perception of SN, and 3) providing trainings to improve farmers’ PBC. The findings
demonstrate that attitude, SN, and PBC motivate farmers to plant diverse tree species on their
farms. Furthermore, interventions that target these intrinsic drivers significantly increase
farmers’ intention to adopt agroforestry. The information campaign to strengthen positive
attitudes shows the greatest potential to enhance intention. Spreading social norms to intensify
normative beliefs and training provision to improve farmers’ perceived control also
significantly increase intention, but the effects are small. The interventions gain effectiveness
when they are combined.

These findings can support policy-makers during intervention development by identifying
promising and cost-effective complements or alternatives to financial incentives that motivate
farmers to adopt agroforestry. Policy-makers should promote agroforestry benefits, in
particular its potential to mitigate climate change, improve environmental health, increase
tourism, and conserve animal species diversity. Furthermore, they should distribute messages
about social norms held by farmers’ family and friends related to agroforestry adoption. Policy-
makers should also provide trainings to strengthen farmers’ confidence in overcoming possible
barriers and in their ability to cultivate diverse tree species on their farms. Overall, the findings
underpin the importance of intrinsic aspects as motivational factors for agroforestry adoption
as well as the promising, yet small, impacts of policy interventions targeting attitude, SN, and

PBC.
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8.  Appendix

Table 8.1: Farming household variables

Variable Definition Scale
Household ID Household identification Metric
Land size? Land size claimed by household Metric, in hectare
Plots Set of plots claimed by household Agentset
Household size? Household size Metric, in persons
Labour force? Labour force based on working Metric, in work-days per

Inital labour force?
Access to
Extension?

Access to Media?

Access to village

head?

Friends?

Tpb*belief?

Tpb*scale?

Attitude
SN
PBC
Intention

Aware

Adopter

household members
Initial labour force, auxiliary variable to
calculate available labour force
Access to information from extension
services
Access to information from media

Access to information from village head

Number of contacts household discusses
agricultural issues with
Belief that associates agroforestry
adoption with certain outcomes, how
certain reference groups approve of the
behaviour, or that certain control factors
are present
Opinion about favourability of belief,
motivation to comply, or power over
control factors
Farmers’ attitude, estimated via
structural equation model (SEM)
Farmers’ subjective norm, estimated via
SEM
Farmers’ perceived behavioural control,
estimated via SEM
Intention resulting from farmers’
weighted attitude, SN, and PBC
Indicates whether farming agent is aware
of agroforestry systems as an agricultural
practice
Indicates whether farming agent has
adopted agroforestry

year

Metric, in work-days per
year

Binary, 1=access, 0=no
access

Binary, 1=access, 0=no
access

Binary, 1=access, 0=no
access

Metric, in persons

Metric, five-point Likert
scale

Metric, five-point Likert
scale

Metric, in points
Metric, in points
Metric, in points
Metric, in points

Binary, 1=access, 0=no
access

Binary, 1=access, 0=no
access
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Income Household income

Metric, in Rwandan franc

(RWF)
Note: 2 parameterized according to household survey.
Table 8.2: Plot agent variables
Variable Definition Scale
Owner Indicates farming household who claimed HHID
plot
Size? Land size Metric, in hectare
Potato wheat Land cover is potato wheat rotation Binary, 1=potato wheat
rotation, O=else
agroforestry Land cover is agroforestry Binary, 1=agroforestry,
O=else
Agroforestry age Age of agroforestry system on plot Metric, in years

Note: @ parameterized according to household survey.

80
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40
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Figure 8.1: Simulation results: effects of combined interventions.

Baseline Int. Att Int. SN _Int. PBC All Int. Int. SN + PBC Int. Att + PBC Int. Ait + SN

32



References

Abbas, F., Hammad, H.M., Fahad, S., Cerda, A., Rizwan, M., Farhad, W., Ehsan, S., Bakhat,
H.F., 2017. Agroforestry: a sustainable environmental practice for carbon sequestration
under the climate change scenarios—a review. Environ. Sci. Pollut. Res. 24, 11177—
11191. https://doi.org/10.1007/s11356-017-8687-0

Ahrweiler, P., 2017. Agent-based simulation for science, technology, and innovation policy.
Scientometrics 110, 391-415. https://doi.org/10.1007/s11192-016-2105-0

Ajzen, 1., 2006. Behavioural Interventions Based on the Theory of Planned Behavior. How to
Complet. a Risk Assess. 5 Days or Less. https://doi.org/10.1201/9781420062762.axh

Ajzen, I, 2005. Attides, Personallity and Behavior. Int. J. Strateg. Innov. Mark.

Ajzen, 1., 1991. The Theory of Planned Behavior. Organ. Behav. Hum. Decis. Process. 50,
179-211.

Ajzen, L., Fishbein, M., 2000. Attitudes and the Attitude-Behavior Relation: Reasoned and
Automatic Processes. Eur. Rev. Soc. Psychol. 11, 1-33.
https://doi.org/10.1080/14792779943000116

Amare, D., Wondie, M., Mekuria, W., Darr, D., 2019. Agroforestry of Smallholder Farmers
in Ethiopia: Practices and Benefits. Small-scale For. 18, 39-56.
https://doi.org/10.1007/s11842-018-9405-6

Bagstad, K.J., Ingram, J.C., Lange, G., Masozera, M., Ancona, Z.H., Bana, M., Kagabo, D.,
Musana, B., Nabahungu, N.L., Rukundo, E., Rutebuka, E., Polasky, S., Rugege, D.,
Uwera, C., 2020. Towards ecosystem accounts for Rwanda: Tracking 25 years of change
in flows and potential supply of ecosystem services. People Nat. 2, 163—-188.
https://doi.org/10.1002/pan3.10062

Baig, M.B., Burgess, P.J., Fike, J.H., 2021. Agroforestry for healthy ecosystems: constraints,
improvement strategies and extension in Pakistan. Agrofor. Syst. 95, 995-1013.
https://doi.org/10.1007/s10457-019-00467-4

Borgatti, S.P., Everett, M.G., Johnson, J.C., 2018. Analyzing Social Networks, 2nd ed. Sage,
Los Angeles.

Borges, J.A.R., Oude Lansink, A.G.J.M., Marques Ribeiro, C., Lutke, V., 2014.
Understanding farmers’ intention to adopt improved natural grassland using the theory
of planned behavior. Livest. Sci. 169, 163-174.
https://doi.org/10.1016/j.livsci.2014.09.014

Burton, R.J.F., 2004. Reconceptualising the “behavioural approach” in agricultural studies: A
socio-psychological perspective. J. Rural Stud. 20, 359-371.
https://doi.org/10.1016/j.jrurstud.2003.12.001

Buyinza, J., Nuberg, I.K., Muthuri, C.W., Denton, M.D., 2020a. Psychological Factors
Influencing Farmers’ Intention to Adopt Agroforestry: A Structural Equation Modeling
Approach. J. Sustain. For. 39, 854-865.
https://doi.org/10.1080/10549811.2020.1738948

Buyinza, J., Nuberg, I.K., Muthuri, C.W., Denton, M.D., 2020b. Assessing smallholder
farmers’ motivation to adopt agroforestry using a multi-group structural equation
modeling approach. Agrofor. Syst. 94, 2199-2211. https://doi.org/10.1007/s10457-020-
00541-2

Cahyono, E.D., Fairuzzana, S., Willianto, D., Pradesti, E., McNamara, N., Rowe, R., van
Noordwijk, M., 2020. Agroforestry Innovation through Planned Farmer. Land 9, 1-20.

Castro, J., Drews, S., Exadaktylos, F., Foramitti, J., Klein, F., Konc, T., Savin, 1., van den
Bergh, J., 2020. A review of agent-based modeling of climate-energy policy. Wiley
Interdiscip. Rev. Clim. Chang. 11, 1-26. https://doi.org/10.1002/wcc.647

Chabé-Ferret, S., Le Coent, P., Reynaud, A., Subervie, J., Lepercq, D., 2019. Can we nudge
farmers into saving water? Evidence from a randomised experiment. Eur. Rev. Agric.

33



Econ. 46, 393-416. https://doi.org/10.1093/erae/jbz022

Chandrasekhar, A.G., Kinnan, C., Larreguy, H., 2018. Social networks as contract
enforcement: Evidence from a lab experiment in the field. Am. Econ. J. Appl. Econ. 10,
43-78. https://doi.org/10.1257/app.20150057

Chatzisarantis, N.L.D., Hagger, M.S., 2005. Effects of a brief intervention based on the
Theory of Planned Behavior on leisure-time physical activity participation. J. Sport
Exerc. Psychol. 27, 470-487. https://doi.org/10.1123/jsep.27.4.470

Cialdini, R.B., Reno, R.R., Kallgren, C.A., 1990. A Focus Theory of Normative Conduct:
Recycling the Concept of Norms to Reduce Littering in Public Places. J. Pers. Soc.
Psychol. 58, 1015-1026. https://doi.org/10.1037/0022-3514.58.6.1015

Cole, R.J., 2010. Social and environmental impacts of payments for environmental services
for agroforestry on small-scale farms in southern Costa Rica. Int. J. Sustain. Dev. World
Ecol. 17, 208-216. https://doi.org/10.1080/13504501003729085

Coulibaly, J.Y., Chiputwa, B., Nakelse, T., Kundhlande, G., 2017. Adoption of agroforestry
and the impact on household food security among farmers in Malawi. Agric. Syst. 155,
52-69. https://doi.org/10.1016/j.agsy.2017.03.017

Defrancesco, E., Gatto, P., Runge, F., Trestini, S., 2008. Factors affecting
farmers’participation in agri-environmental measures: A northern Italian perspective. J.
Agric. Econ. 59, 114-131. https://doi.org/10.1111/j.1477-9552.2007.00134.x

Dessart, F.J., Barreiro-Hurlé, J., Van Bavel, R., 2019. Behavioural factors affecting the
adoption of sustainable farming practices: A policy-oriented review. Eur. Rev. Agric.
Econ. 46, 417-471. https://doi.org/10.1093/erae/jbz019

Djalilov, B.M., Khamzina, A., Hornidge, A.K., Lamers, J.P.A., 2016. Exploring constraints
and incentives for the adoption of agroforestry practices on degraded cropland in
Uzbekistan. J. Environ. Plan. Manag. 59, 142-162.
https://doi.org/10.1080/09640568.2014.996283

Do, H., Luedeling, E., Whitney, C., 2020. Decision analysis of agroforestry options reveals
adoption risks for resource-poor farmers. Agron. Sustain. Dev. 40.

European Commission, Republic of Rwanda, 2006. Environmental profile of Rwanda. Kigali.

FAPDA, 2016. Country Fact Sheet on Food and Agriculture Policy Trends. Rome.

Fife-Schaw, C., Sheeran, P., Norman, P., 2007. Simulating behaviour change interventions
based on the theory of planned behaviour: Impacts on intention and action. Br. J. Soc.
Psychol. 46, 43-68. https://doi.org/10.1348/014466605X85906

Fishbein, M., Ajzen, I., 2010. Predicting and changing behaviour: The reasoned action
approach. Psychology Press, New York.

Gilbert, N., Ahrweiler, P., Barbrook-Johnson, P., Narasimhan, K.P., Wilkinson, H., 2018.
Computational modelling of public policy: Reflections on practice. Jasss 21.
https://doi.org/10.18564/jasss.3669

Granco, G., Heier Stamm, J.L., Bergtold, J.S., Daniels, M.D., Sanderson, M.R., Sheshukov,
A.Y., Mather, M.E., Caldas, M.M., Ramsey, S.M., Lehrter, R.J., Haukos, D.A., Gao, J.,
Chatterjee, S., Nifong, J.C., Aistrup, J.A., 2019. Evaluating environmental change and
behavioral decision-making for sustainability policy using an agent-based model: A case
study for the Smoky Hill River Watershed, Kansas. Sci. Total Environ. 695.
https://doi.org/10.1016/j.scitotenv.2019.133769

Grimm, V., Berger, U., Bastiansen, F., Eliassen, S., Ginot, V., Giske, J., Goss-Custard, J.,
Grand, T., Heinz, S.K., Huse, G., Huth, A., Jepsen, J.U., Jargensen, C., Mooij, W.M.,
Miiller, B., Pe’er, G., Piou, C., Railsback, S.F., Robbins, A.M., Robbins, M.M.,
Rossmanith, E., Riger, N., Strand, E., Souissi, S., Stillman, R.A., Vabg, R., Visser, U.,
DeAngelis, D.L., 2006. A standard protocol for describing individual-based and agent-
based models. Ecol. Modell. 198, 115-126.

34



https://doi.org/10.1016/j.ecolmodel.2006.04.023

Grimm, V., Berger, U., DeAngelis, D.L., Polhill, J.G., Giske, J., Railsback, S.F., 2010. The
ODD protocol: A review and first update. Ecol. Modell. 221, 2760-2768.
https://doi.org/10.1016/j.ecolmodel.2010.08.019

Grimm, V., Railsback, S.F., Vincenot, C.E., Berger, U., Gallagher, C., Deangelis, D.L.,
Edmonds, B., Ge, J., Giske, J., Groeneveld, J., Johnston, A.S.A., Milles, A., Nabe-
Nielsen, J., Polhill, J.G., Radchuk, V., Rohwéder, M.S., Stillman, R.A., Thiele, J.C.,
Ayllén, D., 2020. The ODD protocol for describing agent-based and other simulation
models: A second update to improve clarity, replication, and structural realism. Jasss 23.
https://doi.org/10.18564/jasss.4259

Groeneveld, J., Miller, B., Buchmann, C.M., Dressler, G., Guo, C., Hase, N., Hoffmann, F.,
John, F., Klassert, C., Lauf, T., Liebelt, V., Nolzen, H., Pannicke, N., Schulze, J., Weise,
H., Schwarz, N., 2017. Theoretical foundations of human decision-making in agent-
based land use models — A review. Environ. Model. Softw. 87, 39-48.
https://doi.org/10.1016/j.envsoft.2016.10.008

Hagger, M.S., Chatzisarantis, N.L.D., Biddle, S.J.H., 2002. A meta-analytic review of the
theories of reasoned action and planned behavior in physical activity: Predictive validity
and the contribution of additional variables. J. Sport Exerc. Psychol. 24, 3-32.
https://doi.org/10.1123/jsep.24.1.3

Hair, J.F.J., Hult, G.Th.M., Ringle, C.M., Sarstedt, M., Richter, N.F., Hauff, S., 2017. Partial
Least Squares Strukturgleichungsmodellierung (PLS-SEM). Eine anwendungsorientierte
Einflhrung. Franz Vahlen, Minchen.

Hallsworth, M., List, J.A., Metcalfe, R.D., Vlaev, ., 2017. The behavioralist as tax collector:
Using natural field experiments to enhance tax compliance. J. Public Econ. 148, 14-31.
https://doi.org/10.1016/j.jpubeco.2017.02.003

Hardeman, W., Johnston, M., Johnston, D., Bonetti, D., Wareham, N., Kinmonth, A.L., 2002.
Application of the theory of planned behaviour in behaviour change interventions: A
systematic review. Psychol. Heal. 17, 123-158.
https://doi.org/10.1080/08870440290013644a

Hendrie, G.A., Lease, H.J., Bowen, J., Baird, D.L., Cox, D.N., 2017. Strategies to increase
children’s vegetable intake in home and community settings: a systematic review of
literature. Matern. Child Nutr. 13. https://doi.org/10.1111/mcn.12276

Hilbrand, A., Borelli, S., Conigliaro, M., Olivier, A., 2017. Agroforestry for landscape
restoration. Rome, Italy.

Hine, D.W., Crofts, R., Becker, J., 2015. Designing behaviourally informed policies for land
stewardship: A new paradigm. Int. J. Rural Law Policy 1-14.
https://doi.org/10.5130/ijrlp.i1.2015.4365

liyama, M., Derero, A., Kelemu, K., Muthuri, C., Kinuthia, R., Ayenkulu, E., Kiptot, E.,
Hadgu, K., Mowo, J., Sinclair, F.L., 2017. Understanding patterns of tree adoption on
farms in semi-arid and sub-humid Ethiopia. Agrofor. Syst. 91, 271-293.
https://doi.org/10.1007/s10457-016-9926-y

liyama, M., Mukuralinda, A., Ndayambaje, J.D., Musana, B., Ndoli, A., Mowo, J.G., Garrity,
D., Ling, S., Ruganzu, V., 2018a. Tree-Based Ecosystem Approaches (TBEAS) as multi-
functional land management strategies-evidence from Rwanda. Sustain. 10.
https://doi.org/10.3390/su10051360

liyama, M., Mukuralinda, A., Ndayambaje, J.D., Musana, B.S., Ndoli, A., Mowo, J.G.,
Garrity, D., Ling, S., Ruganzu, V., 2018b. Addressing the paradox—the divergence
between smallholders’ preference and actual adoption of agricultural innovations. Int. J.
Agric. Sustain. 16, 472-485. https://doi.org/10.1080/14735903.2018.1539384

Jacobi, J., Rist, S., Altieri, M.A., 2017. Incentives and disincentives for diversified

35



agroforestry systems from different actors’ perspectives in Bolivia. Int. J. Agric. Sustain.
15, 365-379. https://doi.org/10.1080/14735903.2017.1332140

Jha, S., Kaechele, H., Sieber, S., 2021. Factors influencing the adoption of agroforestry by
smallholder farmer households in Tanzania: Case studies from Morogoro and Dodoma.
Land use policy 103, 105308. https://doi.org/10.1016/j.landusepol.2021.105308

Kremer, M., Rao, G., Schilbach, F., 2019. Behavioral development economics 2, 345-458.
https://doi.org/10.1016/bs.hesbe.2018.12.002

Kuhfuss, L., Préget, R., Thoyer, S., Hanley, N., Le Coent, P., Désolé, M., 2016. Nudges,
social norms, and permanence in agri-environmental schemes. Land Econ. 92, 641-655.
https://doi.org/10.3368/1e.92.4.641

Léapple, D., Kelley, H., 2013. Understanding the uptake of organic farming: Accounting for
heterogeneities among Irish farmers. Ecol. Econ. 88, 11-19.
https://doi.org/10.1016/j.ecolecon.2012.12.025

Lima, F.P., Bastos, R.P., 2020. Understanding landowners’ intention to restore native areas:
The role of ecosystem services. Ecosyst. Serv. 44, 101121.
https://doi.org/10.1016/j.ecoser.2020.101121

Llewellyn, R.S., Brown, B., 2020. Predicting Adoption of Innovations by Farmers: What is
Different in Smallholder Agriculture? Appl. Econ. Perspect. Policy 42, 100-112.
https://doi.org/10.1002/aepp.13012

Lourenco, J.S., Ciriolo, E., Almeida, S.R., Troussard, X., 2016. Behavioural Insights Applied
to Policy. European Report, Policy Studies Journal. https://doi.org/10.2760/903938

Maleksaeidi, H., Keshavarz, M., 2019. What influences farmers’ intentions to conserve on-
farm biodiversity? An application of the theory of planned behavior in fars province,
Iran. Glob. Ecol. Conserv. 20. https://doi.org/10.1016/j.gecco.2019.e00698

Martinez-Garcia, C.G., Dorward, P., Rehman, T., 2013. Factors influencing adoption of
improved grassland management by small-scale dairy farmers in central Mexico and the
implications for future research on smallholder adoption in developing countries. Livest.
Sci. 152, 228-238. https://doi.org/10.1016/j.livsci.2012.10.007

Matuschke, 1., Qaim, M., 2009. The impact of social networks on hybrid seed adoption in
India. Agric. Econ. 40, 493-505. https://doi.org/10.1111/j.1574-0862.2009.00393.x

McGinty, M.M., Swisher, M.E., Alavalapati, J., 2008. Agroforestry adoption and
maintenance: Self-efficacy, attitudes and socio-economic factors. Agrofor. Syst. 73, 99—
108. https://doi.org/10.1007/s10457-008-9114-9

Meijer, S.S., Catacutan, D., Ajayi, O.C., Sileshi, G.W., Nieuwenhuis, M., 2015a. The role of
knowledge, attitudes and perceptions in the uptake of agricultural and agroforestry
innovations among smallholder farmers in sub-Saharan Africa. Int. J. Agric. Sustain. 13,
40-54. https://doi.org/10.1080/14735903.2014.912493

Meijer, S.S., Catacutan, D., Sileshi, G.W., Nieuwenhuis, M., 2015b. Tree planting by
smallholder farmers in Malawi: Using the theory of planned behaviour to examine the
relationship between attitudes and behaviour. J. Environ. Psychol. 43, 1-12.
https://doi.org/10.1016/j.jenvp.2015.05.008

Meijer, S.S., Sileshi, G.W., Catacutan, D., Nieuwenhuis, M., 2016. Agroforestry and
deforestation in Malawi: inter-linkages between attitudes, beliefs and behaviours.
Agrofor. Syst. 90, 645-658. https://doi.org/10.1007/s10457-015-9844-4

Mekonnen, D.A., Gerber, N., Matz, J.A., 2018. Gendered Social Networks, Agricultural
Innovations, and Farm Productivity in Ethiopia. World Dev. 105, 321-335.
https://doi.org/10.1016/j.worlddev.2017.04.020

Mukuralinda, A., Ndayambaje, J.D., liyama, M., Ndoli, A., Musana, B.S., Garrity, D., Ling,
S., 2016. Taking to Scale Tree-Based Systems in Rwanda to Enhance Food Security,
Restore Degraded Land, Improve Resilience to Climate Change and Sequester Carbon.

36



Miller, B., Bohn, F., Dreliler, G., Groeneveld, J., Klassert, C., Martin, R., Schluter, M.,
Schulze, J., Weise, H., Schwarz, N., 2013. Describing human decisions in agent-based
models - ODD+D, an extension of the ODD protocol. Environ. Model. Softw. 48, 37—
48. https://doi.org/10.1016/j.envsoft.2013.06.003

Ndayambaje, J.D., Heijman, W.J.M., Mohren, G.M.J., 2012. Household Determinants of
Tree Planting on Farms in Rural Rwanda. Small-scale For. 11, 477-508.
https://doi.org/10.1007/s11842-012-9196-0

Ndlovu, N.P., Borrass, L., 2021. Promises and potentials do not grow trees and crops. A
review of institutional and policy research in agroforestry for the Southern African
region. Land use policy 103, 105298. https://doi.org/10.1016/j.landusepol.2021.105298

Nishimwe, G., Rugema, D.M., Uwera, C., Graveland, C., Stage, J., Munyawera, S.,
Ngabirame, G., 2020. Natural capital accounting for land in Rwanda. Sustain. 12.
https://doi.org/10.3390/su12125070

Noeldeke, B., Winter, E., Ntawuhiganayo, E.B., 2022. Biodiversity and Adoption of Small-
scale Agroforestry in Rwanda (BASAR) (version 1.0.0) [WWW Document]. COMSES
Comput. Model Libr. URL https://www.comses.net/codebase-release/55065bfb-08ec-
4a15-9357-82797a82e7f0/

Oduro, K.A., Arts, B., Kyereh, B., Mohren, G., 2018. Farmers’ Motivations to Plant and
Manage On-Farm Trees in Ghana. Small-scale For. 17, 393-410.
https://doi.org/10.1007/s11842-018-9394-5

Olum, S., Gellynck, X., Juvinal, J., Ongeng, D., De Steur, H., 2020. Farmers’ adoption of
agricultural innovations: A systematic review on willingness to pay studies. Outlook
Agric. 49, 187-203. https://doi.org/10.1177/0030727019879453

Palm-Forster, L.H., Ferraro, P.J., Janusch, N., Vossler, C.A., Messer, K.D., 2019. Behavioral
and Experimental Agri-Environmental Research: Methodological Challenges, Literature
Gaps, and Recommendations. Environ. Resour. Econ. 73, 719-742.
https://doi.org/10.1007/s10640-019-00342-x

Partey, S.T., Sarfo, D.A., Frith, O., Kwaku, M., Thevathasan, N. V., 2017. Potentials of
Bamboo-Based Agroforestry for Sustainable Development in Sub-Saharan Africa: A
Review. Agric. Res. 6, 22—-32. https://doi.org/10.1007/s40003-017-0244-z

Paul, B.K., Frelat, R., Birnholz, C., Ebong, C., Gahigi, A., Groot, J.C.J., Herrero, M.,
Kagabo, D.M., Notenbaert, A., Vanlauwe, B., van Wijk, M.T., 2018. Agricultural
intensification scenarios, household food availability and greenhouse gas emissions in
Rwanda: Ex-ante impacts and trade-offs. Agric. Syst. 163, 16-26.
https://doi.org/10.1016/j.agsy.2017.02.007

Reppin, S., Kuyah, S., de Neergaard, A., Oelofse, M., Rosenstock, T.S., 2020. Contribution
of agroforestry to climate change mitigation and livelihoods in Western Kenya. Agrofor.
Syst. 94, 203-220. https://doi.org/10.1007/s10457-019-00383-7

Republic of Rwanda, Ministry of Agriculture and Animal Resources, 2020. ANNUAL
REPORT 2019-2020.

Ringle, C.M., Wende, S., Becker, J.-M., 2015. SmartPLS 3.

Romero, M., Wollni, M., Rudolf, K., Asnawi, R., Irawan, B., 2019. Promoting biodiversity
enrichment in smallholder oil palm monocultures — Experimental evidence from
Indonesia. World Dev. 124, 104638. https://doi.org/10.1016/j.worlddev.2019.104638

Rose, D.C., Keating, C., Morris, C., 2018. Understand how to influence farmers’ decision-
making behaviour 2-44.

Rosenstock, T.S., Wilkes, A., Jallo, C., Namoi, N., Bulusu, M., Suber, M., Mboi, D., Mulia,
R., Simelton, E., Richards, M., Gurwick, N., Wollenberg, E., 2019. Making trees count:
Measurement and reporting of agroforestry in UNFCCC national communications of
non-Annex | countries. Agric. Ecosyst. Environ. 284, 106569.

37



https://doi.org/10.1016/j.agee.2019.106569

Ruseva, T.B., Evans, T.P., Fischer, B.C., 2015. Can incentives make a difference? Assessing
the effects of policy tools for encouraging tree-planting on private lands. J. Environ.
Manage. 155, 162—-170. https://doi.org/10.1016/j.jenvman.2015.03.026

Salvini, G., Ligtenberg, A., van Paassen, A., Bregt, A.K., Avitabile, V., Herold, M., 2016.
REDD+ and climate smart agriculture in landscapes: A case study in Vietnam using
companion modelling. J. Environ. Manage. 172, 58-70.
https://doi.org/10.1016/j.jenvman.2015.11.060

Santos, P.Z.F., Crouzeilles, R., Sansevero, J.B.B., 2019. Can agroforestry systems enhance
biodiversity and ecosystem service provision in agricultural landscapes? A meta-
analysis for the Brazilian Atlantic Forest. For. Ecol. Manage. 433, 140-145.
https://doi.org/10.1016/j.foreco.2018.10.064

Senger, I, Borges, J.A.R., Machado, J.A.D., 2017. Using the theory of planned behavior to
understand the intention of small farmers in diversifying their agricultural production. J.
Rural Stud. 49, 32-40. https://doi.org/10.1016/j.jrurstud.2016.10.006

Sereke, F., Dobricki, M., Wilkes, J., Kaeser, A., Graves, A.R., Szerencsits, E., Herzog, F.,
2016. Swiss farmers don’t adopt agroforestry because they fear for their reputation.
Agrofor. Syst. 90, 385-394. https://doi.org/10.1007/s10457-015-9861-3

Sheeran, P., Maki, A., Montanaro, E., Caldwell, A.E., Bryan, A.D., Rothman, A.J., Sheeran,
P., 2016. The impact of changing attitudes, norms, or self-efficacy on health intentions
and behavior: A meta-analysis. Heal. Psychol. 35, 1178-1188.

Sood, K.K., Mitchell, C.P., 2004. Do socio-psychological factors matter in agroforestry
planning? Lessons from smallholder traditional agroforestry systems. Small-scale For.
Econ. Manag. Policy 3, 239-255. https://doi.org/10.1007/s11842-004-0017-y

StataCorp, 2019. Stata Statistical Software: Release 16.

Staton, T., Breeze, T.D., Walters, R.J., Smith, J., Girling, R.D., 2022. Productivity,
biodiversity trade-offs, and farm income in an agroforestry versus an arable system.
Ecol. Econ. 191.

Stein, C.M., Morris, N.J., Nock, N.L., 2012. Structural Equation Modeling, in: Methods in
Molecular Biology. Springer Science+Business Media, pp. 495-512.

Steinmetz, H., Knappstein, M., Ajzen, 1., Schmidt, P., Kabst, R., 2016. How effective are
behavior change interventions based on the theory of planned behavior?: A three-level
meta analysis. Zeitschrift fur Psychol. / J. Psychol. 224, 216-233.
https://doi.org/10.1027/2151-2604/a000255

Taghikhah, F., Voinov, A., Shukla, N., Filatova, T., 2020. Exploring consumer behavior and
policy options in organic food adoption: Insights from the Australian wine sector.
Environ. Sci. Policy 109, 116-124. https://doi.org/10.1016/j.envsci.2020.04.001

Tyson, M., Covey, J., Rosenthal, H.E.S., 2014. Theory of planned behavior interventions for
reducing heterosexual risk behaviors: A meta-analysis. Heal. Psychol. 33, 1454-1467.
https://doi.org/10.1037/hea0000047

Villamor, G.B., Le, Q.B., Djanibekov, U., van Noordwijk, M., Vlek, P.L.G., 2014.
Biodiversity in rubber agroforests, carbon emissions, and rural livelihoods: An agent-
based model of land-use dynamics in lowland Sumatra. Environ. Model. Softw. 61,
151-165. https://doi.org/10.1016/j.envsoft.2014.07.013

Wangpakapattanawong, P., Finlayson, R., Oborn, ., 2017. Agroforestry in rice-production
landscapes in Southeast Asia a practical manual, Food and Agriculture Organization of
the United Nations Regional Office for Asia and the Pacific, Bangkok, Thailand &
World Agroforestry Centre (ICRAF) Southeast Asia Regional Program, Bogor,
Indonesia. Food and Agriculture Organization of the United Nations Regional Office for
Asia and the Pacific, Bangkok, Thailand & World Agroforestry Centre (ICRAF)

38



Southeast Asia Regional Program, Bogor, Indonesia.

WBGU, 2021. Rethinking Land in the Anthropocene: from Separation to Integration. Berlin.

West, T.A.P., Grogan, K.A., Swisher, M.E., Caviglia-Harris, J.L., Sills, E., Harris, D.,
Roberts, D., Putz, F.E., 2018. A hybrid optimization-agent-based model of REDD+
payments to households on an old deforestation frontier in the Brazilian Amazon.
Environ. Model. Softw. 100, 159-174. https://doi.org/10.1016/j.envsoft.2017.11.007

Wilensky, U., 1999. NetLogo. http://ccl.northwestern.edu/netlogo/. Center for Connected
Learning and Computer-Based Modeling, Northwestern University, Evanston, USA.

World Bank, 2015. Mind, Society, and Behavior.

Zeweld, W., Van Huylenbroeck, G., Tesfay, G., Speelman, S., 2017. Smallholder farmers’
behavioural intentions towards sustainable agricultural practices. J. Environ. Manage.
187, 71-81. https://doi.org/10.1016/j.jenvman.2016.11.014

Zubair, M., Garforth, C., 2006. Farm Level Tree Planting in Pakistan: The Role of Farmers’
Perceptions and Attitudes. Agrofor. Syst. 66, 217—229. https://doi.org/10.1007/s10457-
005-8846-z

39



	Abstract
	1. Introduction
	2. Theory of Planned Behaviour
	3. Data and Methodology
	3.1 Study area
	3.2 Data collection
	3.3 Data analysis
	3.4 Agent-based Model
	Policy intervention scenarios


	4. Results
	Intrinsic determinants of agroforestry adoption intentions
	Policy interventions addressing intrinsic drivers increase adoption intentions

	5. Discussion
	Farmers’ intentions are intrinsically motivated
	Policy interventions derived from the TPB have potential to improve agroforestry adoption intentions
	Robustness tests
	Limitations and Future research

	6. Summary and Conclusions
	7. Acknowledgements
	8. Appendix

