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A transition towards a circular food system whereby the agricultural food chain changes from a linear production
chain to a more circular system with minimal unnecessary losses could be the answer to a range of global
challenges, such as climate change, diminished water quality and biodiversity, and food insecurity. This paper
focuses on behavioural factors and external conditions that influence the decisions of Dutch farmers in the
transition towards circular agriculture (CA). This study consists of a literature review, 13 semi-structured,
qualitative, in-depth interviews with farmers who contributed to CA and a survey of 429 farmers representing
a range of farm types and sectors. Structural Equation Modelling showed that attitude and intrinsic and extrinsic
motivation are significant predictors of the intention to take measures that contribute to CA, behavioural beliefs,
perceived risk and uncertainty, and intrinsic and extrinsic motivation are all significant predictors of attitude;
and intention, perceived behavioural control and subjective knowledge are significant predictors of the relative
number of farmers that contribute to CA. Univariate analyses showed that farmers who took more measures that
contribute to CA were motivated more by social and environmental values, while farmers who took fewer
measures that contribute to CA were motivated more by economic values. In the in-depth interviews, knowledge,
resistance from the environment and unsuitable legislation were the barriers mentioned most often. These in
sights may prove helpful for policymakers and other advisors who influence farmers’ decision making regarding
CA. Some examples of what these insights can be used for include: persuasive communication aimed at influ
encing motivations, beliefs and attitudes; framing directed towards motivating pro-environmental and social
values to increase intrinsic motivation; economic incentives to increase extrinsic motivation; providing infor
mation for decreasing farmers’ perception of risk and uncertainty, provided that how information is offered is
adapted to individual situations. Social pressure may not be helpful in this stage of the transition as there is still a
lot of resistance to CA among farmers following a linear approach.

1. Introduction
1.1. Towards a circular food system
Global food systems are facing major challenges. Farmers are being
confronted with increasing pressures on land, concerns about green
house gasses and emissions of ammonia and minerals in relation to
climate goals, water quality and animal welfare in relation to human
health (Arora, 2018; Fresco et al., 2021). If current production systems
continue as they are, pressure on the environment is expected to in
crease as the global population grows (Ritchie and Roser, 2020;

Hollander et al., 2016). A transition towards a circular food system in
which the agricultural food chain changes from a linear production
chain with a beginning, ending and leaks to a circular food system with
minimal unnecessary losses could be the answer to some of these chal
lenges (LNV, 2018). However, the transition towards a circular food
system is complex. Radical changes are needed in both social and
technological systems (Termeer, 2019). This means changing the
dominant paradigm of maximising production and minimising costs,
and changing the convictions and routines of actors at every step in the
production chain. Actors across companies, scales and sectors need to
cooperate, and there needs to be a redistribution of responsibilities
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norms and cooperation play a more important role in CA because more
interdependencies would exist in a circular food system. After all, in a
linear system, the decisions of a single actor affect outcomes for other
actors, but cooperation can be limited. However, for a system to become
circular and to remain so, cooperation between actors within the food
system is essential, since there are multiple feedback loops between the
actions of all actors in the system that need to be incorporated in every
actor’s behaviour (van Eijk, 2015). Different examples of descriptive
and injunctive social norms – referring to what others do and what
others expect respectively (Nolan et al., 2008; Fishbein and Ajzen, 2010)
– positively affecting farmers’ adoption of sustainable practices are
mentioned in a review paper by Dessart et al. (2019). These include a
positive influence of descriptive social norms on participation in
agri-environmental schemes in livestock and arable farming (Defran
cesco et al., 2008), and a positive influence of injunctive social norms on
organic farming practices in livestock farming (Läpple and Kelley,
2013).

between politics, society and the private domain. Finally, the position of
farmers, consumers and other actors involved in the agricultural systems
needs to shift, and new technologies and knowledge, policies and reg
ulations and other financial constructions and business models need to
be introduced (Termeer, 2019, van Eijk, 2015).
In this paper, we focus on Dutch farmers and how they are dealing
with the challenges they are facing in the transition towards a circular
food system. The Dutch Minister of Agriculture, Nature and Food
Quality has created an agenda to realise a circular agriculture (CA). In
this agenda, five principles are mentioned to realise CA: (1) healthy soil
forms the basis, (2) use as much animal manure instead of artificial
fertilizer as possible, (3) use residual flows from the food industry as feed
for animals, (4) food production should improve nature, the environ
ment and the climate, and (5) cooperation within regions and agricul
tural chains is important (LNV, 2019). These principles describe the
steps necessary to realise CA. The starting point is that the intention to
change behaviour not only depends on behavioural factors, but also on
external conditions that influence the step from intention to action
(Wilson and Dowlatabadi, 2007; Ellis-Iversen et al., 2010; Niedderer
et al., 2014; Meijer et al., 2015). Examples of behavioural factors include
attitude, injunctive and descriptive social norms, perceived behavioural
control and perceived risks, and uncertainty (Ajzen, 1991; Nolan et al.,
2008; Fishbein and Ajzen, 2010; Ogurtsov et al., 2008; Sok et al., 2016).
External conditions include influences beyond the individual’s sphere of
influence, such as legislation on technological factors, cultural differ
ences and available knowledge.
To assess the extent to which farmers contribute to CA, the Critical
Performance Indicators created by Erisman and Verhoeven (2020) are
used as a foundation. These are elaborated on further in Section 2.2.2.
and 3.1.
We explored what behavioural factors could be important in the
transition to CA on the basis of five shifts. These, according to Raworth
in her book Doughnut Economics (2017), are important to realise a cir
cular (or ‘doughnut’) economy. We added these factors to Ajzen’s
(1991) Theory of Planned Behaviour (TPB) – if they were not included
already. We also added other behavioural factors that we assumed
would be important according to the literature. These will be elaborated
on further in the theoretical background section. We first elaborate on
behaviour we assume to be important based on Raworth (2017) (1.2.1).
After that, we elaborate on other behavioural factors and external con
ditions (1.2.2). At the end of the section, we present our hypothesis and
conceptual framework (1.2.3). The aim of our study is to find out what
behavioural factors and external conditions influence Dutch farmers’
decision making in the transition towards CA. These insights can provide
new perspectives when designing tailor-made interventions for farmers
and other agents to motivate them to take steps towards CA
(Edwards-Jones, 2006; Greiner et al., 2009; Herzfeld and Jongeneel,
2012; Garforth, 2015). This can be important for policymakers as well as
other advisors wishing to influence farmers’ decision making.

1.2.1.2. Values and intrinsic and extrinsic motivation and embeddedness in
nature. The second shift of Raworth’s doughnut economy (p. 106–109)
emphasises values, extrinsic and intrinsic motivation and, in the fifth
shift (p. 114–116), embeddedness in nature. Raworth explains that
values can be grouped around two key axes. One axis represents open
ness to change, with openness (concerning independence and novelty)
and conservation (concerning self-restriction and resistance to change)
being juxtaposed; the other axis represents self-enhancement (con
cerning status and personal success) and self-transcendence (being
concerned for the wellness of all). The distinction between selfenhancement and self-transcendence is echoed in the contrast between
extrinsic and intrinsic motivation (Raworth, 2017, p.109). Extrinsic
motivation moves people forward because they can earn more money or
status, or improve their image; intrinsic motivation moves people for
ward because they feel responsible, find something important, want to
do something good etc. (also see Deci and Ryan, 2012). Therefore, we
assume that looking at values and intrinsic and extrinsic motivation
could also be helpful for understanding the behaviour of farmers in a
circular context. According to Mills et al. (2016), understanding
farmers’ motivations for undertaking voluntary environmental activities
can help with the development of advice and information strategies for
enhancing environmental management and in framing appropriate
messages for the adoption of specific practices. Greiner and Gregg
(2011) state that farmers’ predominant type of motivation influences
their stated barriers to the adoption of new and/or additional conser
vation activities. According to the authors, aspirations and motivations
serve as a lens through which farmers assess options and justify de
cisions, and that there appears to be a particular neglect of the
non-financial motivations that govern farmers’ decision making pro
cesses, this being a particularly the strong stewardship ethic, which
intrinsically motivates many farmers to undertake conservation activ
ities on their land. Muranko et al. (2018) use ‘pro-circular values’
(P-CVs) in their pro-circular change model. They distinguish social,
economic and environmental values and state that these values can
reflect either intrinsic or extrinsic goals. We also assume that farmers
engaged in circular initiatives are more embedded in nature. Several
examples of farmers engaged in such initiatives for whom embeddedness
in nature is an important aspect of their farming system are mentioned
by Hoes et al. (2020). Lokhorst et al. (2014) found that connectedness to
nature is a key factor that influences the intention to participate in na
ture conservation, besides perceived behavioural control and
self-identity.

1.2. Theoretical background
1.2.1. Behavioural factors that could be important in CA
In her book Doughnut Economics (2017), Raworth distinguishes five
shifts that are important to realise a circular economy: (1) from selfinterested to socially reciprocating, (2) from fixed preferences to fluid
values, (3) from isolated to interdependent, (4) from calculating to
approximating, and (5) from dominant over nature to dependent on and
deeply embedded in nature. According to Raworth, these shifts are
represented in every individual but should be emphasised more in a
circular economy. In the next sections, we elaborate on how these five
shifts could be expressed in CA.

1.2.1.3. Time-varying discount rates. In the fourth shift mentioned by
Raworth (p. 111–114) – from calculating to approximating – another
dimension of circular behaviour is emphasised, which seems to be
related to the role that time-varying discount rates may play in a circular

1.2.1.1. Social norms and cooperation. Based on Raworth’s first (p.
102–106) and third shift (p. 109–111), it seems plausible that social
2
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Fig. 1. Conceptual framework to understand farmers’ decision making in circular agriculture (CA); TPB constructs are outlined with a thicker line.

1.2.1). In addition, we include perceived risk and uncertainty in our
study because farmers who perceive more risks can be less willing to
adopt measures that contribute to CA (Kunreuther et al., 2001; Ogurtsov
et al., 2008; Sok et al., 2016; Trujillo-Barrera et al., 2016). We also
include subjective knowledge in our study because we believe that it
may also influence farmers’ decision making concerning CA (Flynn and
Goldsmith, 1999; Dessart et al., 2019). Dessart et al. (2019) mention that
the adoption of specific sustainable practices is higher when farmers
have sufficient knowledge and competences related to these practices,
and when they think these practices create environmental or financial
benefits with limited risks. According to Ajzen (1991), it is possible to
include additional variables in TPB if they capture a significant pro
portion of the variance in intention or behaviour after the theory’s
current variables have been taken into account (van Dijk et al., 2016).

context. Time-varying discount rates mean that individuals use a higher
discount rate over a longer time horizon than over a shorter time horizon
(Holcomb and Nelson, 1992 cf. Pollitt and Shaorshadze, 2013). If
farmers have to decide whether to contribute to more sustainable pro
duction methods or not, time-varying discount rates (that assign less
value to things further away in the future) may play a role if it takes
some time before farmers see the effects of the measures taken to
improve sustainability on their farms. The idea that this kind of
‘delayed’ effect can prevent farmers from taking measures is mentioned
by Bruijnis et al. (2016) and Gilbert and Rushton (2018), for example,
for decisions regarding animal health. In these examples, the time span
between taking the decision and performing the pro-environmental
behaviour and seeing its effects was still relatively short (one or a few
production cycles). In a circular context and depending on the scale of
the circularity (on farm or economy-wide), this time span can be much
longer, and the effects of some of the actions taken may only become
apparent in the far future (Jackson, 2005; p.35).

1.2.3. Hypothesis and conceptual framework
Based on the above-mentioned literature, our hypothesis is that so
cial norms and cooperation are more important as farmers are more
engaged in CA, that farmers who contribute more to CA are more
intrinsically motivated and motivated more by social and environmental
values and less by economic ones, and that farmers who are more
engaged in CA are less affected by time-varying discount rates. In
addition, we hypothesise that farmers who are more engaged in CA,
have a more positive attitude towards and more positive beliefs about
CA, perceive more control and less risk and uncertainty about CA, think
that they have more knowledge about CA and are less affected by
external conditions such as the availability of knowledge, money and
suitable legislation than farmers who are less engaged in CA.
The conceptual framework is shown in Fig. 1. In this conceptual
framework, the TPB is chosen as a basis with attitude, descriptive and
injunctive social norms (referring to what others do and what others
expect respectively) and perceived behavioural control as predictors of
the intention to take measures that contribute to CA, beliefs as predictors

1.2.2. Other behavioural factors
Other behavioural factors that we have included in our study are
mainly based on the Theory of Planned Behaviour (TPB) (Ajzen, 1991).
According to TPB, a person’s intention to perform a certain behaviour
depends on their attitude towards and beliefs about the behaviour, the
attitude and behaviour of important other people within their social
network (social norm), the person’s motivation to comply with these
other people and the person’s perceived behavioural control (i.e. does
the person think they are still in control if they change their behaviour?).
TPB has been developed to understand consumer behaviour, but it has
also proven useful in understanding farmers’ sustainability choices
(Lokhorst et al., 2014; Jones et al., 2015; van Dijk et al., 2016; Senger
et al., 2017; Bijttebier et al., 2018; de Lauwere et al., 2020). In our study,
we split up social norms into descriptive and injunctive social norms,
referring to what others do and what others expect respectively (see
3
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making regarding CA. In the conceptual framework, intrinsic and
extrinsic motivation are included as behavioural factors that we assume
to be important in CA on the basis of Raworth’s five shifts (see 1.2.1).
The same is true of social norms, but this behavioural factor is part of the
original TPB. We assume that values and embeddedness in nature of
farmers were reflected in intrinsic and extrinsic motivation. Coopera
tion, external conditions and time-varying discount rates are not
included as separate constructs in the conceptual framework. To the best
of our knowledge, no theoretical constructs exist for these factors.
However, propositions about cooperation are included in the construct
behavioural beliefs, and propositions about external conditions are
included in the construct perceived behavioural control. In addition, we
added five propositions to get an impression of the effects of timevarying discount rates, the possibility that it will be necessary to coop
erate more in CA and the possibility that mutual dependency between
actors involved could increase would withhold farmers to take measures
that contribute to CA.

Table 1
Overview of measures that were presented to the surveyed farmers in the
question about which CA-measures they took (N/A = not applicable).
measures

Arable
farmers

Dairy
farmers

Pig
farmers

Farmers with mixed
farms and
multifunctional
farms

Grow own feed
Buy feed locally
(within a 20 km
radius)
Use residual or side
products from the
humane food
industry
Use more animal
manure instead of
artificial fertiliser
within legal
frameworks
Use manure on own
land or within a
20 km radius
Feed dairy cows
according to the
protein norm (not
over it)
Buy concentrate that
contains raw
materials that cause
less greenhouse
gasses and ammonia
emissions
Direct breeding
programmes more
towards robust
animals
More permanent
grassland
Herb-rich grassland
Split manure into fixed
and fluid fractions
Grow more combine
harvested and break
crops and less root
crops and flower
bulbs
Field margins with
herbs and flowers
Use green manure
crops
Use of harvest
residuals and other
residual products for
biobased products
measures to keep CO2
in the soil
produce sustainable
energy with solar
panels or wind
turbines
save energy
use more leguminous
crops
measures to prevent or
reduce soil
compaction
precision techniques
for plant protection
or fertilisation

N/A
N/A

+
+

+
+

+
+

N/A

+

+

+

N/A

+

+

+

N/A

+

+

+

N/A

+

+

+

N/A

+

+

+

N/A

+

+

+

N/A

+

+

+

N/A
N/A

+
+

+
+

+
+

+

N/A

N/A

+

+

N/A

N/A

+

+

N/A

N/A

+

+

N/A

N/A

+

+

+

+

+

+

+

+

+

+
+

+
+

+
+

+
+

+

+

+

+

+

+

+

+

2. Material and methods
To get insight into behavioural factors and external conditions that
influence farmers’ decision making in the transition towards CA, we
performed a mixed-method study consisting of 13 semi-structured,
qualitative, in-depth interviews with farmers engaged in circular ini
tiatives, and we disseminated a survey among 133 arable farmers, 80
dairy farmers, 79 pig farmers, 59 farmers with mixed arable and live
stock farms, 43 farmers with multifunctional farms, 19 farmers engaged
in initiatives that contribute to CA and 16 farmers from other sectors.
The following subjects were included in the questionnaires for both the
qualitative and quantitative part of the study:
- Characteristics of the farm
- Actual behaviour: what measures do the farmers take to contribute to
CA?
- Attitude, beliefs and perceptions about CA
- Intrinsic and extrinsic motivation to contribute to CA and values
- Cooperation and social norms, influence of the environment
- Perceived obstacles and external conditions
2.1. Qualitative exploration
From a sample of 225 farmers previously used by Hoes et al. (2020),
13 farmers were selected in a way that facilitated insight into the whole
range of possibilities that contributed to CA. Examples include farmers
who took measures that contribute to CA – such as closing farm-level
nutrient cycles, ceasing imports of concentrate from abroad and keep
ing no more animals than can be fed from the own land – and farmers
who chose technological solutions to contribute to CA – such as by
applying technology to reduce emissions of ammonia and greenhouse
gasses. 12 of the interviews were performed by telephone due to
COVID-19 restrictions. One interview took place at the farm of a
respondent upon his request. The interviews were recorded and ana
lysed by the researchers. 11 of the interviews were recorded and tran
scribed, and two were not because the recordings failed. Interview
reports were sent back to the interviewees for feedback and approval.
The interviews lasted between one and a half and two hours.
2.2. Quantitative study
2.2.1. Performance of survey and respondents
To test insights of the interviews, an online survey was conducted
among 4584 farmers, of which 119 farmers were engaged in initiatives
that contributed to CA. These farmers with circular initiatives were
found through the websites of biodynamic farmers (www.stichtingd
emeter.nl), a group of farmers who call themselves ‘caring farmers’

of attitude, and perceived behavioural control and intention as pre
dictors of the relative number of measures taken by the farmers. In
addition to these basic TPB elements, perceived risk and uncertainty,
intrinsic and extrinsic motivation and subjective knowledge are
included as additional factors that probably influences farmers’ decision
4
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(https://caringfarmers.nl/) and a group of farmers who call themselves
‘landscape farmers’ (www.delandschapsboeren.nl). Overlapping email
addresses from these lists were removed. The email addresses of the
other farmers were collected by the marketing and consultancy agency
MSI. 15 digital gift vouchers of 100 EUR were raffled among the re
spondents to increase the response rate.
Based on theory and the interviews, a structured questionnaire with
pre-programmed response categories was prepared. Questions about
behavioural factors were presented to the farmers as propositions to
which they could respond on a seven-point scale, with 1 being the most
negative answer (e.g. ‘totally disagree’, ‘very unlikely’), 4 being the
neutral score and 7 being the most positive answer (for example ‘totally
agree’, ‘very likely’). The survey was tested by a biodynamic dairy
farmer, a researcher with a background in dairy farming and a
researcher with a background in arable farming before it was finalised.

2.2.4. Statistical analysis
The statistical analysis consisted of three steps. The first step was to
test whether separate propositions could be combined into valid con
structs. To achieve this, we checked the internal consistency of the
constructs by estimating Cronbach’s alpha (CB). This is a measure
expressed as a number between 0 and 1. If Cronbach’s alpha is greater
than 0.70, it is assumed that a construct is valid (Tavakol and Dennick,
2011).
Subsequently, using the Shapiro-Wilk test (Razali and Bee Wah,
2011), we checked whether the created constructs were distributed
normally. The null hypothesis of this test was that the population was
normally distributed, thus if the p value was less than 0.05, then the null
hypothesis was rejected, and there was evidence that the data tested
were not normally distributed. As this appeared to be the case for most
constructs, we performed Kruskall Wallis tests to find differences be
tween CA-low, CA-medium and CA-high farmers.
Finally, we performed Structural Equation Modelling to test which
constructs significantly predicted attitude and intention to take (more)
measures that contribute to CA and the relative number of CA measures
taken. We took the TPB elements as a basis and extended the model with
perceived risk and uncertainty, intrinsic and extrinsic motivation, and
subjective knowledge. To test for a good model fit, we looked at the Root
Mean Square Error of Approximation (RMSEA), the Standardized Root
Mean Square Residual (SRMR) and the Comparative Fit Index (CFI). For
an acceptable model fit, RMSEA and SRMR should have been lower than
0.08, and CFI should have been 0.90 or higher. (Hair, 1998, p. 635;
Schermelleh-Engel et al., 2003).

2.2.2. Measures taken by the farmers who contribute to CA (CA-measures)
To determine to the extent to which the surveyed farmers contrib
uted to CA and to get an impression of how ‘circular’ they were, we
composed a list of 21 measures based on the critical performance in
dicators for CA created by Erisman and Verhoeven (2020) – hereafter
referred to as ‘CA measures’ (Table 1).1 We asked the surveyed farmers
whether they had already taken these CA measures or were planning to
do so within five years. Since not all measures were applicable in every
sector, we divided the number of measures taken by the maximum
number of measures that the surveyed farmers could possibly take,
based on the sector and the farm properties. In the analysis, we distin
guished between farmers who took 50% of the measures they could take
on average (CA-low), farmers who took 70% of the measures they could
take on average (CA-medium) and farmers who took 90% of the mea
sures they could take on average (CA-high).

3. Results
The results section is divided into two parts. First, the results of the
in-depth interviews are presented with emphasis on the behavioural
factors and external conditions that we assumed would play a role in CA
(3.1 and 3.2). Subsequently, the results of the survey are presented (3.3,
3.4 and 3.5). In this paper, we try to avoid describing farmers as ‘con
ventional farmers’ as much as possible when comparing farmers who
take measures that contribute to CA to differing degrees. This does not
do justice to the diversity that exists within agriculture (Sumberg and
Giller, 2022). However, we cannot avoid the use of this description if we
quote the interviewed farmers or if we refer to literature that uses this
description.

2.2.3. Measures to learn more about farmers’ beliefs, values and
perceptions concerning CA
In our survey, propositions regarding the behavioural factors were
mainly based on TPB. This concerns intention, attitude, behavioural
beliefs, injunctive social norms (referring to what others expect),
descriptive social norms (referring to what others do) and perceived
behavioural control. Besides the propositions based on the TPB, we
included propositions regarding perceived risk and uncertainty, intrinsic
and extrinsic motivation and subjective knowledge. We also added three
propositions to test whether time-varying discount rates influenced the
surveyed farmers’ intentions to contribute to CA, and two propositions
to find out whether a potential necessity to cooperate and a potential
increased mutual dependency influenced the farmers’ decisions to
contribute to CA. Lastly, we tried to get an impression of the values and
embeddedness in nature of the surveyed farmers by asking them to
divide 20 points over 11 goals: (1) farm expansion, (2) being financially
successful, (3) working with machinery and technology, (4) being a
good employer, (5) working with plants, animals and nature, (6) pro
ducing good and safe food, (7) passing the land in a good condition to
the next generation, (8) maintain the tradition, (9) taking good care for
the environment, biodiversity and the surroundings, (1) being inde
pendent/autonomous, and (11) work pleasure. All constructs and
separate propositions on which they are based are shown with some
descriptive statistics in Appendix I.

3.1. The interviewed farmers and their farms
The group of 13 farmers interviewed contributed to CA in various
ways. Their farms varied from a pig farmer with a one-star Better Life
Label awarded by the Dutch Society for the Protection of Animals2 and
who produced sustainable energy to a biodynamic (BD) multifunctional
farm with livestock, crops, nature conservation, a farm shop and/or web
shop and care. We also interviewed a broiler farm with high-tech solu
tions for reducing ammonia emissions, a pig farmer who used residuals
flows of the food industry, a cooperation between livestock and arable
farmers, a BD dairy farm and an organic mixed farm with dairy cattle
and arable crops, a farm with special livestock, an outdoor pig farm and
a BD pig farm and a nature-inclusive mixed farm with dairy cattle and
arable crops, and a community farm.3 Based on the critical performance
indicators for CA identified by Erisman and Verhoeven (2020), seven
farms contributed to soil preservation, eight farms contributed to closing
of nutrient cycles, six farms contributed to reduction of greenhouse
gasses (CO2, CH4, N2O) and ammonia (NH3), eight farms produced
sustainable energy (by solar panels or fermentation), nine farms
contributed to maintenance of biodiversity, six farms (more or less)

1

The 21 measures used in the survey are a more concrete expansion of the
ten critical performance indicators used in the in-depth interviews. We choose
this approach because we were able to ask the farmers what measures they took
during the in-depth interviews but not during the survey. As such, we decided
to present them with a longer list with concrete measures. It should be
considered that although the Erisman’s and Verhoeven’s (2020) critical per
formance indicators are very useful for on-farm measures, CA is also seen as a
system change and therefore certain components of CA might be overlooked.

2
3

5

https://beterleven.dierenbescherming.nl/zakelijk/en/
We cannot specify these farms any further for reasons of anonymity.
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contributed to nature conservation, 12 farms (more or less) contributed
to animal welfare, 12 farms contributed to animal health (by minimising
the use of antibiotics), five farms used residual flows from the food in
dustry to feed their animals and ten farms contributed to the regional
economy and the vitality of the rural area by means of a web shop, farm
shop, care for people or organising workshops or by providing other
educational activities. In addition, four farms were certified as biody
namic and one farm as organic. Three other farmers said that they did
fulfil the conditions for organic or biodynamic farming but did not want
to certify to avoid costs and the associated administrative burden. The
number of FTEs working at the farms varied from 1 FTE to more than 10
FTE. Most farmers interviewed addressed at least five critical perfor
mance indicators (cpis). Only the three intensive livestock farms (two
with pigs and one with broilers) addressed less cpis (see Dagevos and De
Lauwere, 2021 for more details). In the quotes presented in Section 3.2,
we refer to the farmers as cpi-high, cpi-medium and cpi-low farmers if
they respectively addressed at least seven cpis, five or six cpis, or fewer
than four cpis.

‘We want to show that it is possible. That drives us […]. People say
that we are evangelical. And we like to share our knowledge indeed’
(cpi-high farmer 5).
3.2.2. Values and motives to contribute to CA
Based on Raworth’s second and fifth shift, we assumed that farmers
engaged in circular initiatives are more intrinsically motivated and more
motivated by social and environmental factors, and less motivated by
economic values than other farmers, and that these farmers are more
embedded in nature. One indication of intrinsic motivation, social and
environmental values and embeddedness in nature was that – with the
exception of the intensive livestock farmers – all interviewed farmers
were rather critical about the current agricultural practices of increasing
production and efficiency and lowering the cost price:
‘Farms grew bigger and bigger by the use of chemical pesticides and
fertilisers [.] I realised that it was not future proof. It went against my
values as a farmer.’ (cpi-high farmer 4)
‘I wanted to do it differently because it has always surprised me that
our food crops are treated with substances with skulls on the pack
aging. I wanted to show that it can be done differently. It is important
that farmers produce healthy food [.]. Sustainability is important and
the fulfilling of current needs should be set against the future needs.
If you don’t do that, like in the current agricultural practices, it is a
dead end.’ (cpi-high farmer 6)

3.2. Behaviour of farmers who contribute to CA
3.2.1. Social norms and cooperation
Based on Raworth’s first and third shift, we assumed that social
norms and cooperation play a more important role in CA. We found
some indications of this during the interviews4:
‘I worked as a teacher at a school for secondary vocational education
[.] Colleagues asked critical questions about the farm [her father’s
farm, ed.]’ (cpi-high farmer 1)

‘The conventional system is directed towards maximalisation. This
has negative consequences for the health of humans, animals and our
planet [.]; organic farming is a better system. It is a more natural way
to produce food.’ (cpi-high farmer 3)

However, we noticed during the interviews that it was more common
for the farmers engaged in circular initiatives to be confronted with
resistance from their environment. This made some of them more
combative – they resisted the negative social norm – while others found
it hard to deal with it, and it impeded them:

‘From the moment I knew that I could take over my father’s farm, I
knew that I wanted to do it differently. Changing from conventional
to organic to biodynamic perfectly fitted this line.’ (cpi-high farmer
6)

‘It was difficult for my father to explain what I was doing at the
football club. He meets a lot of conventional farmers over there [.]
However, it is more difficult to explain it to my brother and his
friends. They totally don’t understand what I am doing [.] I find it
hard to deal with.’ (cpi-high farmer 1)

‘You need to be a fool to start such an initiative and followers who are
comparably crazy. People need to be prepared to work 80 h a day. I
am one such big fool [.]. It is a kind of vocation. You have to preach
the idea constantly.’ (cpi-high farmer 7)
On the other hand, all the interviewed farmers were entrepreneurs,
meaning they need to earn money as well. In that sense they are
extrinsically motivated as well:

‘Conventional farmers look at us differently. Some they think we are
back-to-nature freaks. But we also organise excursions, and then
farmers are surprised that we have a good turnover. Conventional
farmers sometimes see us as a threat. They ask themselves “are we
not doing well then?”’ (cpi-high farmer 3)

‘We produce half of the concentrates ourselves. It is better if you can
produce 100% of your own concentrate. It is also possible to produce
milk without concentrate. In that case, cows produce about
5000 litres of milk. That does not fit in our business model yet [.] but
I find farmers who do not use concentrate inspiring [.] maybe it will
happen in the future, but you have to set priorities.’ (cpi-high farmer
3)

We found that cooperation was important for all our interviewed
farmers, regardless of whether they were engaged in a circular initiative
or not:
‘Cooperation is central at our farm. It is embedded in our concept.’
(cpi-high farmer 4)

Here we saw some differences between the farmers engaged in cir
cular initiatives and the farmers with intensive livestock farms. Both
groups are driven to do things differently (i.e. more sustainably), but in
the first group, environmental and moral concerns seem to prevail,
whereas in the other group, the business aspects seem to prevail.

‘Cooperation is very important; essential. You never have a good idea
on your own. It does not matter either whose idea it was.’ (cpi-low
farmer 1)
However, it was striking that the farmers engaged in circular ini
tiatives in particular expressed a strong drive to share their knowledge.
This is a possible indication of their intrinsic motivation to propagate
their way of farming, as indicated by one farmer:

‘I could have earned more money as a conventional farmer, but I
would not be as happy as I am now.’ (cpi-high farmer 6)
‘Our farm sometimes flourishes less because of our ideals and the
time we spend sharing knowledge [.] we should not be ruined by our
own success.’ (cpi-high farmer 5)
‘To what extent do we profit from CA? That is an important question.
How much do we earn from it? What does the business model look
like? It is nice, but you need to earn money as well.’ (cpi-low farmer
2)

4
Please note that the excerpts from the interviews quoted in Section 3.3 are
not verbatim but paraphrased to improve readability.
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they spent on finding and sharing knowledge (see 3.2.1), all farmers
interviewed mentioned legislation as one of the main obstacles for their
businesses. The farmers with circular initiatives complained that their
farming systems did not fit the ‘legislation for conventional farmers’, as
they called it:

Table 2
Some features of farmers participating in the survey.

Relative number of CA-measures
taken (mean (standard deviation))
Percentage of 380 farms which were
not organic or biodynamic
Percentage of 38 organic farms
Percentage of 11 bio-dynamic farms
Percentage of 80 dairy farmers
Percentage of 133 arable farmers
Percentage of 79 pig farmers
Mean Age (standard deviation)
Percentage of farmers with higher
vocational education or university
Ha of owned land (mean (std))
Ha of owned land (median)
Ha of rented land (mean (std))
Ha of rented land (median)

CA-low
(n = 155)

CA-medium
(n = 132)

CA-high
(n = 142)

0.5 (0.12)

0.7 (0.05)

0.9 (0.08)

37.6

32.9

29.5

29.0
9.1
36.3
30.1
46.8
52.7 (9.9)

15.8
9.1
40.0
30.8
29.1
52.8 (10.1)

29.2
n = 147
40.7
(42.3)
n = 144
29.3
24.2
(42.0)
n = 94
10.0

32.5
n = 132
50.4 (51.7)
n = 118

55.3
81.8
23.8
39.1
24.1
54.2
(10.2)
39.4
n = 137
64.4
(86.6)
n = 135
45.0
29.9
(44.0)
n = 86
15.0

40.0
38.8 (111.5)
n = 85
16.0

‘It takes a lot of time and costs a lot of money to comply with all the
rules and administrative obligations […] It is deathly dull and very
demotivating for someone who wants to start this kind of initiative.’
(cpi-high farmer 2)
‘Legislation makes it difficult. If you keep your sows on straw, you
need an air washer because otherwise you do not comply with the
rule of 85% reduction of ammonia emissions. It is strange [.] Animal
welfare and reduction of ammonia emission cannot be combined.
That makes it difficult.’ (cpi-low farmer 2)
3.3. The surveyed farmers and their farms
3.3.1. Response
Of the 4584 farmers who received the survey, 429 sent back a
completed questionnaire. Among them were 133 arable farmers, 80
dairy farmers, 79 pig farmers, 59 farmers with mixed arable and live
stock farms, 43 farmers with multifunctional farms, 19 farmers engaged
in initiatives that contribute to CA and 16 farmers from other sectors. In
total, there were four poultry farmers, one farm with poultry and pigs,
one farm with poultry, pigs and dairy cattle, four farms with pigs and
dairy cattle, one fruit farm, one horticultural farm, one recreational
farm, one experimental farm, one farm with animals for fattening
(although it was not clear what kind of animals) and one horse farm. The
total response on the survey was 9.4%. The response among farmers
engaged in initiatives contributing to CA was 16.0%.

3.2.3. Time-varying discount rates
Based on Raworth’s fourth shift, we assumed that time-varying dis
count rates might a role play in a circular context. In the interviews, we
found some indications that farmers engaged in circular initiatives were
more concerned about the future (e.g. ‘I realised that was not future proof.’
(cpi-high farmer 4); ‘Sustainability is important, and the fulfilling of current
needs should be set against the future needs. If you don’t do that, like in the
current agricultural practices, it is a dead end.’ (cpi-high farmer 6)).
3.2.4. External conditions
As established in the introduction, external conditions can make the
step from intention to action easier or more difficult. In the interviews,
we asked what obstacles the farmers perceived. Besides the resistance of
the environment that most of the interviewed farmers faced and the time

3.3.2. Some features of farmers participating in the survey
Table 2 shows some features of the CA-low, CA-medium and CA-high
farmers. Most of the biodynamic and organic farmers participating in
the survey were in the CA-high group, and most of the other farmers
were in the CA-low group. However, because most farmers participating

Table 3
Predictors of attitude towards CA, intention to take (more) measures that contribute to CA and the relative number of CA-measures taken in the TPB model, and an
extended TPB model on the basis of Structural Equation Modelling.
B

z

Intention

95% confidence
interval

B

z

95% confidence
interval

Attitude

TPB model (RMSEA=0.168; CFI=0.866; SRMR=0.073; Overall R2adj=0.53)
Intention
Attitude
0.69
13.61 * **
0.59–0.79
Injunctive social norms
0.18
3.02 * *
0.06–0.30
Descriptive social norms
0.18
3.10 * *
0.07 − 0.29
Perceived behavioural
0.09
1.53
-0.03–0.21
control
Behavioural beliefs
0.82
R2adj
0.51
0.46
Extended TPB model (RMSEA=0.074; CFI=0.969; SRMR=0.024; Overall R2adj=0.73)
Intention
Attitude
0.51
7.81 * **
0.38–0.64
Injunctive social norms
0.11
1.84(*)
-0.01–0.23
Descriptive social norms
0.06
0.93
-0.06–0.17
Perceived behavioural
0.06
1.01
-0.06–0.18
control
Subjective knowledge
-0.02
-0.52
-0.10–0.06
Intrinsic motivation
0.18
2.88 * *
0.06–0.30
0.35
Extrinsic motivation
0.18
3.26 * *
0.08–0.30
0.10
Perceived risk and
-0.04
-0.91
-0.12–0.04
-0.22
uncertainty
Behavioural beliefs
0.33
R2adj
0.57
0.67
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z

95% confidence
interval

Relative number of CA measures

19.18 * **

* **p < 0.001; * *p < 0.01; *p < 0.05; (*)p < 0.10

B

0.74–0.91

8.86 * **
2.49 *
-7.77 * **

0.27–0.43
0.02–0.18
-0.27—0.16

6.91 * **

0.23–0.42

0.02

3.16 * *

0.01–0.03

0.04

3.56 * **

0.02–0.05

0.02

3.29 * *

0.01–0.03

0.03

2.73 * *

0.01–0.05

0.02

3.07 * *

0.01–0.03

0.07

0.10
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Table 4
Descriptive statistics and Pearson correlations of constructs, *p < 0.05; * *p < 0.01; * **p < 0.001.
Constructs

Mean
(sd)

1

1

0.7
(0.2)
4.1
(1.6)
3.9
(1.3)
3.9
(1.0)
3.8
(1.2)
3.6
(1.0)
4.1
(1.4)
4.3
(1.6)
4.1
(1.3)
4.3
(1.5)
4.2
(1.1)

1

2

Relative no. of
measures
Intention

3

Attitude

4

Injunctive social norms

5

7

Descriptive social
norms
Perceived behavioural
control
Subjective knowledge

8

Intrinsic motivation

9

Extrinsic motivation

10

Perceived risk and
uncertainty
Behavioural beliefs

6

11

2

3

4

5

6

7

8

9

10

.23 * **

1

.28 * **

.71 * **

1

.10 *

.45 * **

.44 * **

1

.19 * *

.49 * **

.50 * **

.51 * **

1

.24 * **

.39 * **

.45 * **

.28 * **

.38 * **

1

.20 * **

.10 *

.14 * *

.06

.05

.24 * **

1

.27 * **

.67 * **

.74 * **

.47 * **

.62 * **

.45 * **

.18 * *

1

.11 *

.56 * **

.53 * **

.48 * **

.50 * **

.30 * **

.07

.68 * **

1

-0.19 * *

-0.36 * **

-0.50 * **

-0.18 * *

-0.27 * **

-0.31 * **

-0.10 *

-0.35 * **

-0.12 *

1

.23 * *

.61 * **

.68 * **

.44 * **

.43 * **

.35 * **

.14 * *

.67 * **

.47 * **

-0.37 * **

in the survey did not have organic or biodynamic farms, these other
farmers were still in the majority in the CA-high group (78.9% versus
14.8% organic and 6.3% biodynamic farmers). This also applied to the
CA-medium group, of which 4.5% were organic farmers, 0.8% were
biodynamic farmers, and 94.7% were other farmers; for the CA-low
group, 7.1% were organic farmers, 0.7% were biodynamic farmers
and 92.2% were other farmers. Looking at different sector shows that
most dairy farmers were in the CA-low and CA-medium group, most pig
farmers were in the CA-low group, and most arable farmers were in the
CA-high group. The CA-high group also had the most farmers with a
higher vocational education or university background. The CA-high
farmers’ farms also seem to be bigger than the farms of the CA-low
and CA-medium farmers, although standard deviations were rather
high.

11

1

explains 57% of the variation in intention, 67% of the variation in
attitude and 10% of the variation in relative number of measures taken.
However, the new constructs in the extended TPB seem to interfere with
the constructs in the original TPB as the constructs descriptive social
norms are not significant in the extended TPB model and the construct
injunctive social norm is not significant (p < 0.10 instead of p < 0.01).
This seems to be caused by intrinsic and extrinsic motivation. If the
extended model is executed without intrinsic and extrinsic motivation,
all constructs that were significant in the original TPB model are sig
nificant again and perceived risk and uncertainty is a significant pre
dictor of attitude and subjective knowledge is a significant predictor of
the relative number of measures taken by the farmers. However, the
model fit indices show an insufficient fit with the data again
(RMSEA=0.142; CFI=0.890; SRMR=0.052; overall R2adj=0.60). If only
intrinsic motivation is excluded from the model, p < 0.10 for descriptive
and injunctive social norms. Model indices improve in that case but are
still not sufficient yet (RMSEA=0.103; CFI=0.940; SRMR=0.033;
overall R2adj=0.67). The extended TPB model with perceived risk and
uncertainty, intrinsic and extrinsic motivation and subjective knowledge
therefore seems to be a better model to predict farmers’ intentions to
take measures that contribute to CA than the original TPB model. Some
basic descriptive statistics and correlations between the constructs are
given in Table 4. The moderately strong correlations between most
constructs shows that the extended TPB model was appropriate.

3.4. Multivariate analysis - predictors of farmers’ intention and attitude
to participate in CA
Structural Equation modelling was applied to find out which con
structs best predicted attitude, intention and the relative number of
measures taken to contribute to CA. We started with the original TPB
model with behavioural beliefs as predictors of attitude, attitude, social
norms and perceived behavioural control as predictors of intention, and
intention and perceived behavioural control as predictors of the relative
number of measures taken. According to this model, attitude and
injunctive and descriptive social norms are significant predictors of
intention; intention and perceived behavioural control are significant
predictors of the relative number of measures taken by farmers, and
behavioural beliefs are significant predictors of attitude. The overall R2adj
of this model is 0.53. TPB thus seems to be a useful model for under
standing farmers’ intentions to contribute to CA. However, following
RMSAE, CFI and SRMR, this model has an insufficient fit with the data
(RMSEA=0.168; CFI=0.866; SRMR=0.073;). An acceptable model fit
was found by extending the TPB with the additional constructs
perceived risk and uncertainty, intrinsic and extrinsic motivation and
subjective knowledge (RMSEA=0.074; CFI=0.969 SRMR=0.024; over
all R2adj=0.73). This model shows that behavioural beliefs, perceived risk
and uncertainty, and intrinsic and extrinsic motivation are significant
predictors of attitude, that attitude and intrinsic and extrinsic motiva
tion are significant predictors of intention, and that intention, perceived
behavioural control and subjective knowledge are significant predictors
of the relative number of CA measures taken (Table 3). The model

3.5. Univariate analysis: differences between CA-low, CA-medium and
CA-high farmers
The univariate analysis and the separate propositions of the con
structs are helpful for explaining what is behind the constructs in the
statistical model.
3.5.1. Behavioural beliefs
CA-high farmers are more convinced than CA-low and CA-medium
farmers that CA benefits animal welfare, animal health, plant health,
the climate and societal appreciation, that CA increases work pleasure
and that CA contributes to the reduction of antibiotics and pesticide use.
CA-low farmers and CA-medium farmers are more convinced that CA
affects farm results negatively (behavioural beliefs; Appendix I. C).
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Appendix I
Mean scores and standard deviations of CA-low, CA-medium and CA-high farmers for all constructs and separate propositions on which the questionnaire was based;
Cronbach’s Alpha (CB) and results of the Kruskall-Wallis tests are mentioned as well; most propositions are measured on a 7 point scale, with 1 being the most negative
answer and 7 being the most positive answer.
CA-low farmers
(n = 155)

CA-medium
farmers
(n = 132)

Constructs with separate propositions

Mean

Std.

Mean

A. Intention to take (more) measures to contribute to CA; CB= 0.96 totally disagree - totally agree
I am planning to take (more) measures that contribute to CA within the coming five years
I will take (more) measures that contribute to CA within the coming five years
B. Attitude: taking (more) measures to contribute to CA is. CB= 0.90
Totally unfeasible – very feasible
Totally unprofitable – very profitable
Very unfavourable – very favourable
Very unimportant – very important
C. Behavioural beliefs: circular agriculture. CB= 0.85 very unlikely - very likely
benefits animal welfare
affects the farm results negatively
benefits animal health
benefits plant health
increases work pleasure
contributes to the reduction of antibiotics use in livestock farming
contributes to the reduction of the use of pesticides
benefits the climate
benefits societal appreciation of agriculture
asks for more cooperation
increases mutual dependency
D. Injunctive social norms: which parties want you to take (more) measures to contribute to
CA? CB= 0.83 totally disagree - totally agree
Other farmers
Other farmers I know well
Farmers interest organisations
Citizens/ consumers
Farm advisors (e.g. veterinarians, feed and seed suppliers, independent advisors)
The government
Buyers
accountants
E. Descriptive social norms: to what extent do you think that other farmers contribute to CA?
CB= 0.86 Never - very often
Other farmers
Other farmers I know well
F. Perceived behavioural control: to be able to take (more) measures at my farm that
contribute to CA. CB= 0.70 totally disagree - totally agree
I have sufficient knowledge
I have sufficient time
I have sufficient money
I have sufficient support from my near surroundings
I have sufficient land
I have too many animals
The size of my farm is sufficient
G. Perceived risk and uncertainty* ; CB= 0.78 totally disagree - totally agree

3.7a
3.8a
3.6a
3.6a
4.0a
3.2a
3.4a
3.8a
3.9a
3.3a
4.7b
3.5a
4.1a
3.7a
3.0a
3.4a
4.3a
4.7a
5.1
5.1
3.9

1.7
1.7
1.7
1.3
1.6
1.4
1.4
1.4
1.1
1.8
1.7
1.8
1.7
1.6
1.8
1.7
1.8
1.8
1.4
1.5
1.1

2.8
2.8a
3.9
4.5
3.2
6.0
3.9a
3.7
3.6a

I feel uncertain whether I will succeed to take (more) measures that contribute to CA at my farm
within 5 years
I have the feeling that it is quite risky if I take (more) measures that contribute to CA at my farm
within 5 years
I have the feeling that I become too dependent of others if I start taking (more) measures that
contribute to CA at my farm
H. Subjective knowledge; CB= 0.87 totally agree - totally disagree
I know a lot about CA
I feel very well informed about CA
Compared to most other farmers, I know a lot about CA
I. Intrinsic motivation: what would motivate you to start taking (more) measures that
contribute to CA? CB= 0.94 totally disagree - totally agree
Because I can contribute to something worthwile.
Because I think it is important.
Because I feel responsible for it.
Because I want to do something good.
J. Extrinsic motivation: what would motivate you to start taking (more) measures that
contribute to CA? CB= 0.77 totally disagree - totally agree
Because I am rewarded for it
Because it is socially accepted.
Because I want to be seen as a good agricultural entrepreneur
Because it is expected of me.

CA-high farmers
(n = 142)

Kruskal-Wallis
equality of
populations rank
test

Std.

Mean

Std.

Chi2

P

4.0a
4.0a
3.9a
3.8a
4.1a
3.6b
3.6a
3.9a
4.0a
3.5a
4.6b
3.7a
4.0a
4.0a
3.1a
3.6a
4.2a
4.6a
5.0
4.9
3.9

1.4
1.5
1.5
1.2
1.5
1.4
1.3
1.4
1.0
1.7
1.6
1.6
1.6
1.6
1.7
1.8
1.8
1.8
1.4
1.6
1.0

4.5b
4.6b
4.5b
4.4b
4.8b
4.0b
4.1b
4.7b
4.5b
4.2b
4.1a
4.4b
4.7b
4.4b
4.0b
4.4b
4.8b
5.1b
5.2
4.8
4.0

1.6
1.6
1.6
1.3
1.6
1.5
1.4
1.4
1.1
1.6
1.7
1.6
1.6
1.7
1.8
1.8
1.7
1.6
1.3
1.5
0.9

20.36
16.29
23.56
26.13
22.05
16.07
17.91
31.71
21.76
20.81
9.26
22.12
15.57
14.22
23.10
21.93
9.93
8.22
1.04
5.07
2.26

0.0001
0.0003
0.0001
0.0001
0.0001
0.0003
0.0001
0.0001
0.0001
0.0001
0.0098
0.0001
0.0004
0.0008
0.0001
0.0001
0.0070
0.0164
0.5960
0.0794
0.3227

1.3
1.5
1.4
1.8
1.4
1.3
1.8
1.6
1.1

2.9
2.9a
4.0
4.3
3.3
5.9
4.1a
3.5
3.8b

1.4
1.4
1.5
1.8
1.4
1.5
1.7
1.6
1.2

3.1
3.4b
3.9
4.7
3.4
5.8
4.4b
3.7
4.0b

1.4
1.5
1.5
1.7
1.4
1.5
1.7
1.5
1.1

3.86
10.33
0.51
3.85
1.26
1.72
6.11
1.76
11.81

0.1454
0.0076
0.7761
0.1459
0.5333
0.4231
0.0472
0.4154
0.0027

3.7
3.4a
3.3a

1.1
1.3
1.0

3.8
3.8b
3.6b

1.2
1.4
1.0

3.8
4.1c
3.8b

1.0
1.3
1.0

2.20
18.98
17.93

0.3331
0.0001
0.0001

4.0a
3.4
2.9
3.6a
3.3a
2.4
3.8a
4.7c
(n = 152)
4.4

1.5
1.6
1.8
1.6
2.0
1.7
1.6
1.5

4.5b
3.6
2.9
4.0b
3.5a
2.4
4.1a
4.3b
(n = 128)
3.8

1.5
1.6
1.6
1.5
2.0
1.6
1.7
1.4

4.5b
3.7
3.3
4.1b
4.3b
2.2
4.5b
3.9a
(n = 142)
3.9

1.5
1.7
1.8
1.5
1.8
1.6
1.7
1.5

12.05
2.79
4.29
8.38
20.83
1.32
14.31
17.31

0.0024
0.2475
0.1171
0.0151
0.0001
0.5180
0.0008
0.0002

b

4.7

1.9
1.7

b

4.5

b

1.8
1.8

1.7

5.20

0.0743

a

1.8

16.29

0.0003

a

3.8

c

4.8

1.6

4.4

1.7

4.0

1.7

14.77

0.0006

3.8a
3.8a
3.7a
3.9a
3.9a

1.2
1.4
1.4
1.4
1.7

4.1ab
4.1a
4.0ab
4.1a
4.1a

1.3
1.5
1.6
1.4
1.5

4.3b
4.4b
4.2b
4.5b
4.8b

1.5
1.7
1.8
1.6
1.3

8.69
9.88
7.49
8.38
25.67

0.013
0.0072
0.0236
0.0151
0.0001

3.9a
3.9a
4.0a
3.8a
4.0

1.8
1.8
1.8
1.8
1.5

4.1a
4.1a
4.2a
4.0a
4.0

1.6
1.6
1.6
1.6
1.3

5.0b
4.9b
4.8b
4.7b
4.3

1.4
1.5
1.5
1.6
1.1

28.66
23.45
19.76
17.75
1.89

0.0001
0.0001
0.0001
0.0001
0.3885

4.5
3.7
3.9
3.7

2.0
1.7
1.8
1.7

4.5
3.9
3.9
3.8

1.9
1.6
1.7
1.7

4.6
4.1
4.3
4.0

1.9
1.5
1.7
1.6

0.17
2.02
4.65
3.18

0.9199
0.3648
0.0980
0.2179

(continued on next page)
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Appendix I (continued )

Constructs with separate propositions
K. Perceived obstacles* *: to what extent would the following possible aspects of CA withhold
you to take (more) measures that contribute to CA? CB=N/A Very certainly – certainly not
If I have to wait a year before I see the results
If I have to wait 10 years before I see the results
If it lasts until the next generation before I see the results
If it is necessary to cooperate more
If it makes me more dependent of others
L. Prioritised goals of farmers; CB=N/A Farmers were asked to divide 20 points over these 11
goals
Expansion
Passing the land in a good condition to the next generation
Work pleasure
Maintain tradition
Working with animals, plants and nature
Being financially successful
Taking good care of the environment, biodiversity and the surroundings
Being a good employer
Working with machinery and technology
Being independent/ autonomy
Producing good and safe food

CA-low farmers
(n = 155)

CA-medium
farmers
(n = 132)

CA-high farmers
(n = 142)

Kruskal-Wallis
equality of
populations rank
test

Mean

Std.

Mean

Std.

Mean

Std.

Chi2

4.7
4.0
3.9
4.5
4.1

1.7
2.1
2.2
1.6
1.9

4.4
3.9
3.9
4.0
3.8

1.8
2.0
2.1
1.8
1.7

4.8
4.2
4.2
4.4
4.0

2.0
2.0
2.1
1.9
1.9

4.03
1.44
2.62
5.06
1.38

0.1331
0.4876
0.2698
0.0796
0.5018

0.4
1.9a
4.2c
0.3
2.2
3.4b
1.5a
0.7
0.8a
1.6
3.1

0.9
1.9
1.9
0.7
1.9
2.6
1.7
1.2
1.3
1.9
2.2

0.3
2.5b
3.9b
0.6
2.1
2.6a
1.7a
0.5
0.9ab
1.5
3.2

0.9
2.0
2.1
1.4
1.9
2.7
1.6
1.0
1.2
1.8
2.1

0.3
2.7b
3.5a
0.4
2.1
2.4a
2.4b
0.7
1.0b
1.5
3.1

0.8
2.2
2.5
1.0
1.9
2.3
1.7
1.0
1.3
1.8
1.9

0.25
10.97
18.66
5.38
0.11
14.82
22.30
3.19
6.65
0.16
0.66

0.8820
0.0041
0.0001
0.0678
0.9461
0.0006
0.0001
0.2030
0.0360
0.9217
0.7188

P

abc

different characters in a row indicate a significant difference
*because of an omission in the questionnaire, the farmers could also answer ‘don’t know/not applicable’ in these questions (they could not in the others). These
answers were included as missing values in the analysis
* * a high score for this construct means that an obstacle withholds a farmer to a lesser extent to take (more) measures that contribute to CA

Appendix II
Mean scores and standard deviations of organic, biodynamic and other farmers for all constructs; the propositions are measured on a 7 point scale with 1 being the most
negative answer and 7 being the most positive answer.

Intention
Attitude
Behavioural beliefs
Injunctive social norms
Descriptive social norms
Perceived behavioural control
Perceived risk and uncertainty*
Subjective knowledge
Intrinsic motivation
Extrinsic motivation

Farmers who do not have an organic or bio
dynamic farm (n = 380)

Organic farmers
(n = 38)

Bio dynamic farmers
(n = 11)

Kruskal-Wallis equality of
populations rank test

Mean

Mean

Mean

Std.

Chi2

P

1.9
0.7
0.6
0.8
1.0
0.8
1.5

35.86
64.32
66.17
0.81
10.68
15.15
37.16

0.0001
0.0001
0.0001
0.6670
0.0048
0.0005
0.0001

1.7
0.8
1.0

11.26
53.18
3.873

0.0036
0.0001
0.1442

a

3.9
3.7a
4.0a
3.9
3.7a
3.5a
4.5b
(n = 374)
4.0a
4.1a
4.1

Std.
1.5
1.2
1.0
1.1
1.1
1.0
1.4
1.3
1.5
1.3

b

5.3
5.1b
5.2b
4.0
4.2b
4.0b
3.2a
(n = 37)
3.9a
5.4b
4.1

Std.
1.4
1.3
1.0
0.8
1.1
1.1
1.3
1.8
1.5
1.3

b

5.6
6.3c
6.2c
4.1
4.5b
4.3b
2.5a
(n = 11)
2.2b
6.5c
4.9

abc

different characters in a row indicate a significant difference
*because of an omission in the questionnaire, the farmers could also answer ‘don’t know/not applicable’ in these questions (they could not in the others). These
answers were included as missing values in the analysis

3.5.2. Attitude, injunctive and descriptive social norms and perceived
behavioural control
CA-high farmers have a more positive attitude towards CA than CAmedium and CA-low farmers. They think that taking measures that
contribute to CA is feasible, favourable and important to a greater extent
than the other farmers. CA-high and CA-medium farmers think that
taking CA-measures is profitable to a greater extent. Looking at
injunctive and descriptive norms revealed that mean scores for
descriptive social norms were higher for CA-medium and CA-high
farmers than for CA-low farmers. Farmers who take more measures
that contribute to CA had higher scores for the proposition ‘farmers I
know well contribute to CA’ (Appendix I. E). Mean scores for injunctive
norms did not differ between CA-low, CA-medium and CA-high farmers,
but looking at separate propositions of this construct revealed that CAhigh farmers had higher scores for the propositions ‘farmers I know
well expect me to contribute to CA’ and ‘buyers expect me to contribute
to CA’ (Appendix I. D). Looking at perceived behavioural control

revealed that CA-high farmers and CA-medium farmers had higher
scores for perceived behavioural control than CA-low farmers. Having
sufficient time and money are particularly important obstacles for the
surveyed farmers in taking (more) measures that contribute to CA. None
of the farmers seemed to think that they had too many animals to
contribute to CA. However, CA-low farmers thought that they had
enough knowledge and support from their surroundings to contribute to
CA to a lesser extent than CA-medium and CA-high farmers, and CA-low
and CA-medium farmers thought that they had sufficient land and a big
enough farm to take (more) measures that contribute to CA to a lesser
extent (Appendix I. F).
3.5.3. Perceived risk and uncertainty, subjective knowledge, intrinsic and
extrinsic motivation and values
In the extended TPB model, perceived risk and uncertainty, intrinsic
and extrinsic motivation, and subjective knowledge are included. CAhigh farmers appeared to be less concerned than CA-medium and CA10
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with other farmers; this was not the goal of our study. However, most of
the organic and biodynamic farmers participating in the survey were in
the CA-high group, and univariate analyses aimed at finding the dif
ferences between organic, biodynamic and other farmers pointed to
similar conclusions as found when comparing CA-low, CA-medium and
CA-high farmers (Appendix II).
We also hypothesised that farmers who are more engaged in CA,
have a more positive attitude towards and more positive beliefs about
CA, perceive more control and less risk and uncertainty about CA and
think that they have more knowledge about CA than farmers who are
less engaged in CA. Our study confirmed this. Perceived risk and un
certainty and beliefs appeared to predict attitude, attitude appeared to
predict intention and intention and subjective knowledge appeared to
predict the relative number of CA-measures taken. The importance of
attitude, group norm, perceived behavioural control, risk perception
and knowledge is mentioned in many other studies concerning behav
ioural change of farmers in different agricultural sectors (Staats et al.,
2011; Power et al., 2013; Lokhorst et al., 2014; Sok et al., 2016; van Dijk
et al., 2016; de Lauwere et al., 2020; Yanakittkul and Aungvaravong,
2020).

low farmers that it is risky to take (more) CA-measures, or that they risk
becoming too dependent on others if they do so (perceived risk and
uncertainty; Appendix I. G). Looking at subjective knowledge revealed
that CA-high farmers perceived to have more knowledge about CA than
CA-low farmers (Appendix I. I). Furthermore, CA-high farmers appeared
more intrinsically motivated to contribute to CA than CA-medium and
CA-low farmers (Appendix I. I). Scores for extrinsic motivation did not
differ between the farmers (Appendix I. J). To learn more about the
farmers’ embeddedness in nature and why they were intrinsically or
extrinsically motivated to contribute to CA, the surveyed farmers were
asked to divide 20 points over 11 goals. CA-high and CA-medium
farmers on average assigned more points to ‘passing the land in a
good condition to the next generation’ than CA-low farmers and CA-high
farmers assigned on average more points to ‘taking good care of the
environment, biodiversity and the surroundings’ than the other farmers.
On average, CA-low farmers assigned more points to ‘work pleasure’ and
‘being financially successful’ than CA-medium and CA-high farmers
(Appendix I. L).
3.5.4. Perceived obstacles and time-varying discount rates
In the survey, we looked at possible obstacles for the participating
farmers through perceived behavioural control (see 3.5.2) and the
perceived obstacles mentioned in Appendix I.K. The possibility that the
surveyed farmers have to wait one year, ten years or until the next
generation before they see the results of the measures they take to
contribute to CA, but it does not prevent them to do so (time-varying
discount rates; Appendix I. K). The same is true of the possibility that
more cooperation is needed. More mutual dependency also exists be
tween parties involved in CA (last two propositions of perceived ob
stacles; Appendix I. K). On the other hand, CA-low farmers had higher
scores for the proposition ‘CA makes me too dependent of others’ than
the other farmers and CA-medium farmers had higher scores for this
proposition than CA-high farmers (proposition 3 of perceived risk and
uncertainty, Appendix I. G).

4.2. External conditions
The starting point of our study was that the intention to change
behaviour depends on behavioural factors as well as external conditions
that influence the step from intention to action (see introduction).
Therefore, we also hypothesised that external conditions play a role in
the transition towards CA.
In the in-depth interviews, knowledge, resistance from the environ
ment and unsuitable legislation were the barriers mentioned most often.
The interviewed farmers who attempted to contribute to CA by taking
measures like closing nutrient cycles on farm level, not importing
concentrate from abroad anymore and not keeping more animals than
could be fed from the own land were eager to share their knowledge –
some of them even called themselves evangelical. The importance of
knowledge in agricultural practices is emphasised by different authors
(Meijer et al., 2015; European Commission, 2019; Siebrecht, 2020).
However, it is questionable whether farmers who do not feel addressed
by CA want to hear about or are sensitive to this knowledge, or as one of
our interviewed farmers said: ‘Most people only read what they want to
read without looking what is really written.’ (cpi-low farmer 5). Siebrecht
(2020) mentions that some of the debates about sustainable agriculture
can be understood as “personal criticism, or an attack, on conventional
agriculture” and that this can lead to situations where farmers can
become defensive. This was also mentioned by some of the interviewed
farmers (see 3.2.1). They also mentioned the resistance that they expe
rienced from the environment. This is also found by Läpple and Kelley
(2013) in the context of organic farming. In our interviews, it appeared
that some of the farmers confronted with it were hampered by it, while it
made others more combative. In that sense, we may speak of a negative
social norm for farmers engaged in circular initiatives, and the ability to
resist that seems to be important. Unsuitable legislation was another
complaint among the interviewed farmers. They stated that their ini
tiatives did not fit in with legislation designed for conventional farming.
This caused a lot of trouble. Hoes et al. (2020) also mention that farmers
engaged in CA sometimes kept their initiatives small on purpose – on a
hobby level – in order to prevent them from being confronted with this
unsuitable legislation and the administrative burden it entails.
In the survey, propositions were included (in the perceived behav
ioural control construct) about having enough time, money and
knowledge, having a suitable barn and farm size and having sufficient
support from the near surroundings. All surveyed farmers perceived
having enough time and money as an obstacle. CA-low farmers in
particular perceived knowledge and having enough support from the
near surroundings as an obstacle, and both CA-low and CA-medium
farmers perceived not having sufficient land and a suitable farm size

4. Discussion
4.1. Behavioural factors influencing Dutch farmers’ decision making in
circular agriculture
This paper focused on behavioural factors and external conditions
that play a role in the transition towards CA. We hypothesised, based on
Raworth’s five shifts (2017), that social norms and cooperation are more
important as farmers are more engaged in CA, that farmers who
contribute to CA are more intrinsically motivated and are motivated
more by social and environmental and less by economic values, and that
farmers who are more engaged in CA are less affected by time-varying
discount rates. The study confirmed part of this hypothesis. Of the
behavioural factors that we assumed to be important in CA, injunctive
and – from the original TPB model – descriptive social norms (what
others expect and do) and intrinsic motivation seem to play a particu
larly important role. However, we did not find indications that coop
eration was more important in CA or that farmers engaged in CA were
less sensitive to time-varying discount rates.
Dessart et al. (2019) mentioned different examples of descriptive and
injunctive social norms positively affecting farmers’ adoption of sus
tainable practices in their review paper (see 1.2.1). Differences
regarding intrinsic motivation and values found between CA-high
farmers and other farmers in the survey and in the findings of the
in-depth interviews correspond with findings of other authors who
compared behavioural factors of organic and other farmers. Examples
are more ideological motivations (Canavari et al., 2008), more often
following an eco-centric approach towards agri-environmental issues
(Kings and Ilbery, 2012), showing more environmentally orientated
behaviours (Kings and Ilbery, 2012; Power et al., 2013; Dessart et al.,
2019). In our survey, we did not compare organic or biodynamic farmers
11
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as obstacles.
Complex and overlapping regulations and the lack of governmental
support, lack of knowledge and information, lack of social support and
economic factors also are mentioned by other authors (Lewandowski,
2016; Tura et al., 2019). These authors do not write specifically about
circular agriculture but about circular businesses in general. Lew
andowski (2016) distinguishes the so-called ‘PEST-factors’ for the
adoption of circular businesses, referring to Political, Economic, Social
and Technological factors. Tura et al. (2019) also mention these factors,
in addition to institutional, informational, supply chain-related and
organisational barriers that can hamper the development of circular
business models.

because people will not be motivated to start changing their behaviour
yet (Niedderer et al., 2014).
For farmers already engaged in circular initiatives, interventions
aiming at raising awareness and motivation are not necessary, but in
terventions enabling them to maintain and manage their circular
initiative can be helpful, for example, by regulation that fits their special
way of farming or less bureaucratic procedures concerning certification
(Canavari et al., 2008). According to Läpple and Kelly (2013), policy
incentives in terms of support payments are not sufficient to increase the
size of the organic sector, since social and technical barriers seem to
outweigh financial incentives. However, once these obstacles are over
come, economic incentives seem to be important. This was also
mentioned by several interviewed farmers engaged in circular
initiatives.

4.3. Implications of the study

4.4. Limitations

The aim of our study was to get a better understanding of behav
ioural factors and external conditions that influence Dutch farmers’
decision making in the transition towards CA. These can be important
for policymakers as well as for other advisors who influence farmers’
decision making regarding CA (see introduction). According to Greiner
et al. (2009), the design of conservation policies and programmes at the
regional level ought to be guided by a better understanding of the mo
tivations and risk attitudes of farmers so incentives can be tailored and
bundled for maximum effectiveness and efficiency; the authors state that
“If a high rate of adoption of conservation practices is critical to
achieving region-scale improvements in environmental condition, in
centives need to appeal to the range of motivational profiles and risk
perceptions of farmers, which may vary between industries and re
gions”. Our study showed that attitude, intrinsic and extrinsic motiva
tion, injunctive norms, behavioural beliefs and perceived risk and
uncertainty and subjective knowledge seem to be particularly important
behavioural factors in CA.
A behaviour change method that may prove suitable for influencing
motivations and beliefs – and thus attitude – is persuasive communica
tion (Kok et al., 2015; Muranko et al., 2018). This means guiding in
dividuals and environmental agents towards the adoption of ideas,
attitudes or actions by using arguments or other means (Kok et al.,
2015). Framing context is a powerful and well-established persuasive
technique (Jackson, 2005, p.67; Raworth, 2017; p. 109) and is helpful to
encourage widespread (unsubsidised) uptake of environmental man
agement practices (Mills et al., 2018).
In our study, subjective knowledge appeared to be a significant
predictor of the relative number of CA measures taken. According to
Lam et al. (2017) education is a very strong method for increasing in
ternal motivation. Siebrecht (2020) mentions that different formats and
methods of knowledge communication are necessary for the imple
mentation of sustainable agriculture, and that new knowledge and how
it is brought to farmers has to be adapted to individual situations.
Providing information can also be useful for decreasing farmers’
perception of risk and uncertainty. For example, Trujillo-Barrera et al.
(2016) found that it is important to provide farmers with more content
knowledge about the risk and uncertainty of an investment if the
perceived financial risk is a barrier to the adoption of sustainable
practices.
According to our interviews, still a lot of resistance seems to exist in
the case of CA. This is to be expected because, according to the Stages of
Change model (SoC) or Transtheoretical model (TTM) of Prochaska et al.
(2015), behaviour change comes in stages. The model assumes five
stages of motivation and readiness for change making: (1)
pre-contemplation, (2) contemplation, (3) preparation, (4) action and
(5) maintenance. Individuals in different stages of the behaviour change
process need different interventions (Ludden and Hekkert, 2014). In the
pre-contemplation and contemplation stage, people are not aware of the
need to change and are not yet ready to change. In these stages, in
terventions should be directed towards raising awareness, probably in a
general publicly available intervention rather than a personal one,

In our study, we applied the original TPB model and an extended TPB
model to explore the behavioural factors important in the transition
towards CA. According to the original TPB, behavioural beliefs predict
attitude, injunctive and descriptive social norms predict intention, and
intention and perceived behavioural control predict the relative number
of measures taken by the farmers. However, model fit indices of this
model showed an insufficient fit with the data. Extending the model
with perceived risk and uncertainty, intrinsic and extrinsic motivation
and subjective knowledge substantially improved these model indices.
Accordingly, perceived risk and uncertainty and subjective knowledge
did not interfere with the other factors in the model. These two factors
thus seem to be valuable additions in our model. Intrinsic and (to a lesser
extent) extrinsic motivation (see 3.4) seem to interfere with social
norms. A possible explanation for this is that descriptive and injunctive
norms are about what important others do and what they expect (Nolan
et al., 2008), and are therefore important for guiding one’s own
behaviour (Schultz et al., 2007; Keizer et al., 2008). Intrinsic and
extrinsic motivation also are related to what people find important and
value (Greiner and Gregg, 2011). More research is necessary to get a
better understanding of the relationship between intrinsic and extrinsic
motivation and social norms.
In our study, we applied a mixed method approach. The in-depth
interviews were helpful to get a better understanding of what moti
vated the surveyed farmers’ answers. However, the in-depth interviews
mainly included ‘special farms’. For example, four farmers had biody
namic farms, one farmer had an organic farm, three farmers said to fulfil
the conditions for organic or biodynamic farming but did not want to
certify, and one other farmer applied special technology to reduce
greenhouse gasses. Comparatively, most surveyed farmers (380 of 429)
were farmers who did not have an organic or biodynamic farm and
contributed to CA to varying degrees (referred to as CA-high, CA-me
dium and CA-low farmers). As such, it is important to be careful when
comparing the results of the interviews and the survey. On the other
hand, comparing organic, biodynamic and other farmers in the survey
instead of CA-low, CA-medium and CA-high farmers gave results that
pointed to similar conclusions (Appendix II). The in-depth interviews
were also important for gaining further insight into the external condi
tions that play a role in the transition towards CA, and they illustrate
how intrinsically motivated farmers engaged in CA can be.
5. Conclusions
In this paper, we have shown that attitude, intrinsic and extrinsic
motivation, injunctive norms, behavioural beliefs and perceived risk and
uncertainty, and subjective knowledge are important behavioural fac
tors that influence farmers’ decision making in the transition towards
CA. We also saw that CA-high farmers are triggered more by social and
environmental values, which can be expected if farmers are more
intrinsically motivated (Muranko et al., 2018).
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The insights presented in this paper can be helpful for targeted in
terventions aimed at stimulating farmers to undertake actions that
contribute to CA. Persuasive communication can be helpful to influence
motivations and beliefs, and thus attitude (Kok et al., 2015). Framing
directed towards increasing pro-environmental and social values and
education can be helpful for increasing intrinsic motivation (Jackson,
2005; Mills et al., 2016; Raworth, 2017; Lam et al., 2017), economic
incentives can be helpful to increase extrinsic motivation; and providing
information can be useful for decreasing farmers’ perceptions of risk and
uncertainty (Trujillo-Barrera et al., 2016; Kok et al., 2015), and
increasing farmers’ knowledge, provided the way information is offered
is adapted to individual situations (Siebrecht, 2020).
We do not expect that social pressure will be helpful at this stage of
the transition towards CA, as many conventional farmers still seem to
resist CA. As such, interventions to stimulate the adoption of CA mea
sures should be directed at first raising awareness among those farmers
who are negative about CA.
The intention to change behaviour depends on behavioural factors as
well as external conditions that influence the step from intention to
action (Wilson and Dowlatabadi, 2007; Ellis-Iversen et al., 2010; Nied
derer et al., 2014; Meijer et al., 2015). Finding ways to overcome in
ternal barriers (i.e. a lack of intrinsic motivation, negative attitudes,
beliefs and perceptions) and external barriers (i.e. legislation, lack of
knowledge and negative social pressure) is necessary to enable the
transition towards CA.
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