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Broiler houses are an important source of particulate matter (PM) in the Netherlands. High concentrations of PM
can threaten the environment and pose health risks to humans and animals. To address these problems, the Dutch
government aims to reduce PM10 emissions originating from broiler houses by 50% between 2020 and 2030. This
paper explored broiler farmers’ investment preferences for different PM10 abatement techniques and how they
relate to socio-economic characteristics and perceived obstacles for business development. The results of our
discrete choice experiment indicate that farmers were reluctant to invest in PM10 abatement techniques. When
they did invest, they had a general preference for techniques with a medium to high (31–52%) rather than a very
high PM10 reduction efficiency (80%). Social factors and perceived obstacles for business development explained
heterogeneity in farmers’ preferences for PM10 abatement techniques and their willingness to invest. When
investing in abatement techniques, farmers attached a higher relative importance to an exemption from future
PM10 legislation than to a subsidy. The findings imply that more policy-related certainty as well as financial
compensation can incentivize farmers to invest in PM10 abatement.
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1. Introduction
Broiler houses are a major source of particulate matter (PM) emis
sions, contributing to around 10% of total PM10 emissions and around
13% of total PM2.5 emissions originating from agriculture in the EU
(European Union) (European Environment Agency, 2020). A high con
centration of PM in a particular broiler house compromises the respi
ratory health not only of the farmer and the broilers reared (Homidan
et al., 2003), but also of the people living nearby. Furthermore, high PM
concentrations can cause vegetation stress and ecosystem alteration
(Grantz et al., 2003). To protect natural ecosystems and the health of its
citizens, the EU has set legal limits for air pollutants such as PM10 and
PM2.5 (Council Directive, 2008). However, as these limits continue to be
exceeded, poor air quality remains a problem (European Environment
Agency, 2021). In 2018, 15% of urban EU citizens were exposed to PM10
concentrations above the limit value, and 48% were exposed to PM10
concentrations above the air quality guidelines of the World Health
Organisation (WHO) (European Environment Agency, 2021). This is
mainly due to emissions arising from the transport and construction
sectors, but also from agriculture and industry (European Environment
Agency, 2021).

To comply with the WHO air quality guidelines, the Dutch govern
ment aims to reduce PM10 emissions originating from poultry houses by
50% between 2020 and 2030 (Dutch Ministry of Infrastructure and
Water Management, 2019). A potential way to achieve this goal is the
implementation of PM10 abatement techniques in poultry houses.
Nowadays, various techniques to reduce PM10 emissions are available,
with varying reduction efficiency, purchase costs and operational costs
(Cambra-López et al., 2010). Some techniques can lower PM10 emissions
from broiler houses by up to 80% (Expertise Centre Infomil, 2019).
Vissers et al. (2021) identified PM10 abatement techniques that are
relatively cost-efficient, pointing out that they can substantially reduce
PM10 emissions from broiler houses with limited financial consequences.
Whether abatement techniques contribute to reduced PM10 emis
sions will ultimately also depend on the farmer’s willingness to adopt
them. Khatibi et al. (2020) highlight the importance of allocating sub
sidies to sustainable sources to effectively reduce air pollution. In recent
years, the Dutch government launched subsidy schemes to stimulate
investments in PM10 abatement techniques in poultry houses
(Netherlands Enterprise Agency, 2020). The most recent subsidy scheme
of 2021 has a budget of 7 million euros. The question is whether farmers
are willing to invest in these techniques and if subsidies affect this
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motivation?
Researchers frequently employ discrete choice experiments (DCE) to
address similar questions (e.g. Blasch et al. (2020)). In a DCE, the in
vestment or technology to be adopted is represented by a combination of
several attributes (Mangham et al., 2008). Using an experimental
design, each respondent is shown a selection of the possible choice
cards, on which two or more investment options are presented which
vary in terms of attributes. An opt-out alternative represents the option
to not invest or adopt. The attributes describe e.g. technical or financial
aspects of the investment or technology but may also capture contextual
aspects of the decision problem, such as the degree of personal advice or
subsidy. DCE surveys usually also contain questions to measure
socio-economic variables which can be related to farmer’s choice
preference.
Earlier studies employed DCEs to elicit farmers’ preferences for in
vestments in various technologies, such as automatic lameness-detection
systems and precision farming technologies (Van de Gucht et al., 2017;
Blasch et al., 2020). These studies, however, did not address several
aspects that are relevant in the context of farmers’ investment decision.
First, they only considered technologies that yield economic benefits (e.
g. lower input costs), such as precision farming technologies. They did
not consider farmers’ willingness to invest in techniques that address
environmental concerns but do not yield economic benefits, such as
PM10 abatement techniques. Therefore, these studies do not provide
insight in the factors that determine farmers’ willingness-to-invest in
these techniques. Although such investments would be costly, farmers
may still be willing to do so to address the environmental concerns and
ensure their license to produce in the long run (Raedts et al., 2017).
Second, existing DCE studies ignored the role of policy uncertainty in the
willingness of farmers to invest in new techniques. Lagerkvist (2005)
found that policy uncertainty is an important driver of farmland in
vestment incentives. To the best of our knowledge, the impact of un
certainty about regulatory outcomes on farmers’ willingness to invest in
new techniques has not been addressed previously. This insight is
particularly relevant in countries where environmental problems are
more prominent, such as the Netherlands (TNO, 2019). To fill this gap in
the literature, we aimed to measure farmers’ preferences for investments
in different PM10 abatement techniques and to explore how these relate
to socio-economic characteristics and perceived obstacles for business

development. The empirical study focuses on investments in PM10
abatement techniques by Dutch broiler farmers. This study contributes
to the existing literature by providing new insights into the willingness
of farmers to invest in these techniques and the factors that explain
heterogeneity in their willingness-to-invest. These insights can aid pol
icy makers in the design of policies that aim to reduce PM10 emissions.
The remainder of this paper is structured as follows. Section 2 pre
sents a framework of the Dutch policy for PM in broiler housing. Section
3 describes the design of the DCE and the data collection. The results are
presented in section 4. Section 5 contains the discussion. The policy
implications and conclusions drawn from the study are provided in
section 6.
2. Framework of the Dutch policy for PM in broiler housing
The DCE was developed to analyze whether the instruments of the
Dutch policy for PM in broiler housing are aligned with farmers’ pref
erences for investments in PM10 abatement techniques. Therefore, these
instruments were used as an input for the design of the DCE (section 3).
The Dutch policy for PM is illustrated in Fig. 1. The EU Air Quality
Directive has been translated into the Dutch Environmental Manage
ment Act, which sets standards for atmospheric pollutants such as PM
(Dutch Ministry of Infrastructure and Water Management, 2022). Spe
cific elements of this act are set out in decrees, including the
Low-Emission Livestock Housing Decree. This decree entered into force
in 2015 and sets maximum emission levels for ammonia (all animal
categories) and PM10 (only poultry) from livestock housing (Dutch
Ministry of Infrastructure and Water Management, 2017). Currently, the
maximum PM10 emission level for broiler housing is 16 g PM10/animal
place/year and applies only to broiler housing build on or after 1 July
2015 (Dutch Ministry of Infrastructure and Water Management, 2017).
This emission level is derived from the reduction efficiency of the best
available techniques laid down in Council Directive 2017/302 (2017).
No maximum emission level is set for PM2.5, due to the high correlation
between PM10 and PM2.5 fractions and because the contribution of
agriculture to primary PM2.5 concentrations in the Netherlands is rela
tively small compared to primary PM10 concentrations (Dutch National
Institute for Public Health and Environment, 2021). Each year, the
Dutch Ministry of Infrastructure and Water Management (2021) updates

Fig. 1. Illustration of the Dutch policy for PM in broiler housing.
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the list of validated housing systems and abatement techniques and their
corresponding emission level. These housing systems and techniques
can be applied by farmers to comply with the maximum levels laid down
in the Low-Emission Livestock Housing Decree. In recent years, farmers
could apply for a refund of their investment in a PM abatement tech
nique. In the most recent subsidy scheme of the Dutch government,
40–60% of the investment was reimbursed, up to a limit of EUR 200,000
per farm (Netherlands Enterprise Agency, 2020).

3. The investment amount per broiler house. The investment
amount refers to the price and installation costs of the PM10 abate
ment technique. It was based on the technique’s market prices and
obtained from Blanken et al. (2020). The investment amount was
calculated for a broiler house with a floor surface of 2100 m2. As the
investment amount varied widely (ranging from EUR 15,750 up to
EUR 191,250), we applied conditional pricing to create realistic in
vestment options. In conditional pricing, the prices are shown for a
specific combination of two attributes (Sawtooth Software, 2021a).
The attribute investment amount per broiler house was set condi
tional on the attribute technique. A range of prices was defined for
each technique, i.e. the ‘default investment amount’ (as obtained
from literature), plus or minus 10%. The choice of 10% was based on
the fact that market prices of PM10 abatement techniques have been
relatively stable, and increasing by a maximum of 10% over the past
5 years (Blanken et al., 2017).
4. The subsidy was expressed as the share of the total investment
amount reimbursed by the government. The levels (40% and 60%)
were based on the most recent PM subsidy scheme of the Dutch
government (Netherlands Enterprise Agency, 2020)
5. The exemption from future legislation describes the number of
years farmers are exempted from future legislation if they invest in a
PM10 abatement technique.
Lagerkvist (2005) and Isik (2004) found that policy uncertainty
strongly affects investment decisions, which is why we included it as
an attribute in the DCE. The levels ‘10 yrs’ and ‘15 yrs’ were based on
the economic lifespan of the selected PM10 abatement techniques
(Blanken et al., 2020).

3. The discrete choice experiment
3.1. Overview
This study conducted a DCE to measure farmer preference for in
vestments in different PM10 abatement techniques. The DCE was
implemented according to the steps described by Mangham et al.
(2008). These steps include: (1) selection of attributes of the investment
options and their associated levels, (2) experimental (choice card)
design, (3) questionnaire design, (4) data collection, and (5) data
analysis.
3.2. Selection of attributes and levels
Attribute selection was based on existing literature, taking into ac
count different types of PM10 abatement techniques and relevant pol
icies. The following attributes and levels were selected (see Table 1 for
overview):
1. The PM10 abatement technique and the corresponding reduction
efficiency. Expertise Centre Infomil (2019) provides a list of both,
validated by the Dutch government. The selected techniques were
included for the following three reasons. Firstly, they are classified as
best available techniques in Council Directive 2017/302 (2017).
Secondly, they comply with the maximum PM10 emission level for
broiler housing laid down in the Low-emission livestock housing
Decree (Dutch Ministry of Infrastructure and Water Management,
2017). Thirdly, the techniques differed in terms of their mitigation
strategy (ionization and ventilation), as well as their application
(indoor and end-of-pipe) and PM10 reduction efficiency (31%, 52%
and 80%).
2. The operating costs per broiler house. The operating costs include
the maintenance and energy costs of the selected PM10 abatement
techniques and were obtained from Blanken et al. (2020). These costs
were calculated for a broiler house with a floor surface of 2100 m2.

3.3. Experimental design
The choice cards consisted of combinations of attributes and levels.
The five attributes and three levels per attribute imply a full factorial
design of 243 (3^5) combinations. As the sample was relatively small
(500 broiler farmers, see section 3.4), the design was not blocked into
different versions. The Sawtooth Software (2021b) environment was
used to design the experiment and create 100 unique versions of the
questionnaire according to the following three principles: 1) no dupli
cate options are permitted within the same choice card, 2) each attribute
level is shown nearly an equal number of times in the experimental
design, 3) the attribute levels are chosen independently. Each respon
dent was offered 10 choice cards - an acceptable cognitive load (Bech
et al., 2011). Each choice card consisted of two different investment
options and a ‘no investment’ option (opt-out), which assumes a
continuation of the current situation (status quo) for the respective
farmer (Fig. 2). Including an opt-out leads to more realistic
decision-making (Campbell and Erdem, 2019). The options were
unlabeled.

Table 1
Overview of the selected choice attributes and attribute levels of the investment
options.
Choice attribute

Levels

Technique (PM10 reduction
efficiency)

Ionization carbon brushes (31%)a
Ionization coronawires (52%)
Conditioned air unit (80%)
EUR 360/yr.a
EUR 1170/yr.
EUR 2250/yr.
10% decrease in investment amount (EUR 14,175;
EUR 20,250; EUR 172,125)
Default investment amounta (EUR 15,750; EUR
22,500; EUR 191,250)
10% increase in investment amount (EUR 17,325;
EUR 24,750; EUR 210,375)
0%a
40%
60%
0 yrs.a
10 yrs.
15 yrs.

Operating costs per broiler
house
Investment amount per
broiler house

Subsidy
Exemption from future
legislation
a

3.4. Questionnaire design
The choice experiment questionnaire consisted of five parts: 1)
questions about the farmers and their farm, 2) an explanation of the
DCE, 3) the choice cards of the DCE, 4) questions about the farmers
current plans, 5) questions about perceived obstacles for business
development. Hansson and Sok (2021) generated a list of obstacles that
may impede farmers from developing their business the way they would
like to. These authors categorized obstacles in terms of financial re
sources, farm layout, competitors, and prospective profitability in farm
operations. Based on their list, the 15 most relevant obstacles for the
context of this study were selected. Farmers were asked to indicate the
extent to which they perceived each suggested obstacle to impede their
possibilities to develop their business the way they would like to. The
statements were measured on a 9-point Likert scale where 1 indicates
‘not at all an obstacle’ and 9 ‘very much an obstacle’.

Base levels.
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Fig. 2. Example of a choice card with two hypothetical investment options and a no investment option (translated from Dutch).

3.5. Data collection

and support from family were perceived as the least constraining
obstacles.

Before distributing the questionnaire, it was announced and pro
moted via agricultural news websites. The sample consisted of 500
broiler farmers who reared more than 10,000 broilers. The question
naire was conducted in May 2021 and distributed via email. Farmers
were incentivized by the chance to win a gift coupon of EUR 20 and the
possibility to request the results of the study. After one week, a reminder
was sent to the respondents. In total, 86 farmers responded (a response
rate of 17%) and 50 gift coupons were randomly assigned. Observations
with missing values were excluded from the analysis, resulting in a
sample size of 63 respondents.
The stated choices differed considerably among the respondents, as
nearly 30% of the respondents always chose the ‘no investment’ option,
whereas 28% always chose one of the investment options. The descrip
tive statistics of the respondents are provided in Supplementary material
1. Most farmers were 50 years or older and reared more than 90.000
broilers. More than 50% of the respondents had an additional income
from non-farm activities. The sample representativeness was checked
against other sources. In 2019, the average broiler farm had 79,000
broilers and the average solvency rate of the farm was 0.61 (Wageningen
Economic Research, 2021). In the Netherlands, around 60–70% of the
total number of broilers are reared in conventional systems, whereas the
remaining 30–40% are reared in more animal welfare friendly produc
tion systems (Stadig, 2019). Our sample size is representative in terms of
animal welfare production systems and the solvency rate, however,
large farms are overrepresented in this study.
Table 2 provides a description of the variables included in the DCE.
The nominal variables were converted into a dummy variable before
entering the choice model. For instance, the variable animal welfare
system was converted into a dummy variable, where 0 indicated the
conventional system and 1 indicated a more animal welfare friendly
system. In case of the dummy variable successor, it was assumed that
farmers that selected ‘unsure’ or ‘I don’t want to say’ did not have a
successor. Table 2 shows that farmers perceived external factors (e.g.
rules and regulations) as more constraining than internal factors (e.g.
knowledge and competences within the farm). Farmers perceived rules and
regulations, foreign competition and profitability of future investments as the
most constraining obstacles for business development. The obstacles
knowledge and competences within the farm, support from business partners

3.6. Data analysis
A conditional logit model specification was used to analyze the DCE
data. This is only justified if the data satisfy the independence of irrel
evant alternatives (IIA) assumption (Mazzanti, 2003). To test for IIA, a
Hausman test was performed that compared the coefficient estimates
before and after removing one of the alternatives. The null hypothesis
could not be rejected (at 5% significance level) indicating that there was
no evidence for violation of the IIA assumption.
The conditional logit models were based on the random utility
framework of McFadden (1974) and Lancaster’s theory consumer of
choice (Lancaster, 1966). The utility derived from the investment option
is the sum of the utility derived from the attributes (Lancaster, 1966). As
shown in equation (1), the utility function can be decomposed into a
deterministic component (Vij ) and a stochastic component (εij )
(McFadden, 1974):
Uij = Vij + εij

(1)

where Uij is the utility derived by decision maker i from alternative j. The
random error term εij captures unobserved heterogeneity across in
dividuals. The error term was assumed to be independently extreme
value distributed.
Four conditional logit models were estimated and compared in terms
of goodness-of-fit. First, a basic conditional logit model was run,
including attributes and an alternative-specific constant (ASC) only. The
ASC reflects the relative utility farmers attach to the ‘no investment’
option compared to the investment option with base levels. The ASC was
coded as a dummy variable in the model, where the value 1 indicates a
preference for the ‘no investment’ option. Equation (2) shows the basic
conditional logit model:
Vij = βs *Xsj

(2)

βs is the parameter to be estimated. Xsj reflects the choice attributes of
investment option j with levels s. Second, a parsimonious model was
estimated that included interaction terms between the attributes, the
ASC and the socio-economic variables. As shown in equation (3), this
4

L.S.M. Vissers et al.

Journal of Cleaner Production 366 (2022) 132910

Table 2
Description of the socio-economic variables and the variables perceived obsta
cles for business development.
Variable name

Description

Mean

S.D.

Age of the farmer in number of years.
Dummy variable, 1 if farmer has a
higher education, 0 otherwise
Non-agricultural
Dummy variable, 1 if farmer has
income
income from non-agricultural
activities, 0 otherwise
Successor
Dummy variable, 1 if farmer has a
successor or is younger than 50 years,
0 otherwise
Farm size
Dummy variable, 1 if farmer has
60,000 broilers or more, 0 otherwise
Animal welfare system
Dummy variable, 1 if farmer has a
more animal welfare friendly system,
0 if conventional
Current PM10
Dummy variable, 1 if farmer applies a
abatement technique
PM10 abatement technique,
0 otherwise
Solvency rate
Dummy variable, 1 if solvency rate of
the farm is 40% or higher, 0 otherwise
Plan expansion
Likelihood that farmer will expand
production capacity in the next 5
years, measured on a 5-point Likert
scale. The variable was mean centered
before entering the model.
Plan system
Likelihood that farmer will shift to a
different animal welfare system in the
next 5 years, measured on a 5-point
Likert scale. The variable was mean
centered before entering the model.
Perceived obstacles for business development
Rules and regulations
Each perceived obstacle was measured
Foreign competition
on a 9-point Likert scale, where 1
Profitability of future
indicates ‘not at all an obstacle’ and 9
investments
‘very much an obstacle’. The obstacles
Availability of own
were mean centered before entering
financial resources
the model.
Getting bank loans
approved
Profitability of current
activities
Ability to fulfill
payment obligations
Availability of farm
successor
Location of the farm
Availability of
production factors
Consumer demand for
my products
Expertise of advisory
services
Support from my family
Support from business
partners
Knowledge and
competences within
the farm

52.16
0.28

10.7
0.45

0.56

0.50

0.22

0.41

0.58

0.49

0.55

0.49

0.66

0.48

0.27

0.44

2.19

1.12

2.48

1.23

7.60
5.89
5.68

2.01
2.58
2.30

5.10

2.34

4.86

2.47

4.95

2.20

4.30

2.20

4.00

2.69

3.63
3.70

2.51
2.26

3.33

2.17

3.28

2.13

3.21
3.12

2.50
2.14

2.19

1.52

Socio-economic variables
Age
Higher education

model takes the form:
∑
Vij = βs *Xsj + ( αsp * zpi )*Xsj

where yli are the perceived obstacles of decision maker i, and subscript l
reflects the number of perceived obstacles. The parameter τsl is esti
mated by the model. Fourth, a rich specification of the model was esti
mated including interaction terms of the socio-economic variables and
the perceived obstacles. This model is shown in equation (5):
∑
∑
Vij = βs *Xsj + ( αsp * zpi +
τsl * yli )*Xsj
(5)
p

l

For each model, backward elimination was applied to remove sta
tistically insignificant (at 10%) interaction terms. In backward elimi
nation, all the interaction variables are entered into the equation first.
Consequently, the insignificant variables (p-value larger than 10%) are
removed one-by-one from the model (Dunkler et al., 2014). The models
were estimated using Stata 16 (StataCorp, 2019). A probability analysis
was conducted to measure the relative importance of each level (Lancsar
et al., 2007).
4. Results
4.1. Fit of the models
Comparing the fit of the four estimated models using the likelihood
ratio test, we found that the rich model fits the data better (p-value
<0.001) than the two parsimonious models. The McFadden’s pseudo R2
of the basic model (0.06) was below the range for a good model fit
(0.20–0.40) (McFadden, 1979), but increased considerably (from 0.06
to 0.23) when including either the interaction terms of the
socio-economic variables or the perceived obstacles. The rich model
fitted the data well (McFadden’s pseudo R2 0.40). The AIC and BIC
values were also lowest for the rich model, followed by the two parsi
monious models and the basic model, indicating that the rich model fits
the data best.
4.2. Main effects
Fig. 3 shows the estimates of the main effects (effect of each attri
bute) in the basic model. An overview of the regression coefficients and
model-fit-statistics of the four models is provided in Supplementary
material 2. In the models, a positive coefficient implies an increase in the
utility, relative to the investment option with base levels, making the
investments in PM10 reducing techniques more likely (and vice versa).
Nearly all coefficients had plausible signs, as expected on the basis of
microeconomic theory. For instance, the coefficient of 40% subsidy was
positive, implying that a 40% subsidy increased the likelihood of
investing in a PM10 abatement technique, compared to the base level of
0% subsidy. Changes in the investment amount and operating costs did not
lead to statistically significant (at 5%) outcomes, indicating that neither
affects farmer preferences for PM10 abatement techniques. Farmers had
a negative general preference towards the conditioned air unit (80% PM10
reduction) relative to the base level of ionization carbon brushes (31%
PM10 reduction). The likelihood of investing in a PM10 abatement tech
nique increased when 10 or 15 yrs exemption from future legislation was
provided, compared to the base level of 0 yrs exemption from future
legislation. The coefficient for no investment shows the relative utility
farmers attached to this option compared to the investment option with
base levels. We found a positive and significant (at 1%) correlation,
indicating that if farmers chose the no investment option, their utility
increased. Hence, on average, farmers place a positive value on main
taining the status quo.
Table 3 provides the results of the probability analysis. The baseline
shows the predicted probabilities of the base case where all levels have
been set to zero. Subsequent rows show how these predicted probabil
ities would change in response to a change in the levels of investment
option 1. The last column shows the relative importance of the levels
with respect to its impact on the probability of choosing a particular

(3)

p

where zpi represents the socio-economic characteristics and subscript p
reflects the number of socio-economic characteristics. αsp is the param
eter to be estimated. Third, another parsimonious model was run that
included interaction terms between the attributes, the ASC, and the
perceived obstacles. This model is written in equation (4):
∑
Vij = βs *Xsj + ( τsl * yli )*Xsj
(4)
l
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Fig. 3. Point estimates (dots) and 95% confidence intervals (horizontal lines) of the main effects in the basic model.
Table 3
Results of the probability analysis.
Attribute

Technique

Operating costs
Investment amount
Subsidy
Exemption from future
legislation
Baseline (ASC only)

Level

Ionization coronawires
(− 52% PM10)
Conditioned air unit
(− 80% PM10)
EUR 1170/yr.
EUR 2250/yr.
10% decrease
10% increase
40%
60%
10 yrs.
15 yrs.

Probability of choice

% change in probability

Order

Investment
option 1

Investment
option 2

No
investment

Investment
option 1

Investment
option 2

No
investment

0.27

0.26

0.47

2.80

0.11

1.61

10

0.16

0.30

0.54

40.30

13.63

14.76

1

0.25
0.22
0.27
0.28
0.30
0.31
0.33
0.35
0.26

0.27
0.28
0.26
0.26
0.25
0.25
0.24
0.24
0.26

0.48
0.50
0.46
0.46
0.44
0.44
0.43
0.42
0.47

6.17
17.32
4.63
8.47
15.29
18.86
25.49
31.45

3.14
6.64
0.43
1.73
4.01
5.13
7.34
9.77

1.68
5.91
2.32
3.72
6.24
7.59
10.05
12.00

8
5
9
7
6
4
3
2

alternative. The table shows that the conditioned air unit had the highest
relative importance, while ionization coronawires had the lowest relative
importance. Furthermore, the table shows that exemption from future
legislation (10 yrs or 15 yrs) had a higher relative importance than a
subsidy (40% or 60%).

PM10 abatement techniques, farmers operating at a large scale had a
stronger preference for the conditioned air unit (80% PM10 emission
reduction) compared to farmers operating at a smaller scale. Farmers
with an income from non-agricultural activities preferred the PM10
abatement technique with the lowest reduction efficiency, i.e. ionization
carbon brushes (31% PM10 emission reduction). There was no significant
(at 10%) relationship between animal welfare system and no investment,
indicating that the animal welfare system did not affect the likelihood
for farmers to invest in PM10 abatement techniques. Similarly, we found
no significant relationship (at 10%) between the solvency rate of the
farm and the investment likelihood.

4.3. Interaction effects with socio-economic variables
Fig. 4 shows the estimates of the main effects and the interaction
effects in the parsimonious model with socio-economic variables. There
was a significant interaction (at 10%) between socio-economic variables
and no investment and technique in the model. The interactions with no
investment show which type of farmers are more willing to invest in PM10
abatement techniques, and thus are more willing to move away from the
status quo. The relationship between successor and no investment was
negative (significant at 1%), indicating that if farmers did have a suc
cessor, they were more likely to invest in PM10 abatement techniques.
There was a significant (at 1%) positive interaction between age and no
investment, and between farm size and no investment. These results indi
cate that farmers operating at a large scale were less likely to invest in
PM10 abatement techniques, as were older farmers. When investing in

4.4. Interaction effects with perceived obstacles for business development
Only the interactions between perceived obstacles and no investment,
and the attributes technique, subsidy and exemption from future legislation
were statistically significant (at 10%) in our models (Fig. 5). Most sig
nificant interaction terms (at 10%) between the perceived obstacles and
no investment were positive, indicating that farmers were less likely to
invest in PM10 abatement techniques when they perceived an obstacle as
constraining. Fig. 5 shows the regression coefficients of the main effects
6
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Fig. 4. Point estimates (dots) and 95% confidence intervals (horizontal lines) of the main effects and interaction effects in the parsimonious model with socioeconomic variables.

and the interaction effects in the parsimonious model with perceived
obstacles. Farmers who perceived profitability of future investments as
constraining were less likely to invest in PM10 abatement techniques.
Furthermore, these farmers disliked the conditioned air unit (80% PM10
emission reduction). Farmers who perceived the location of the farm as
constraining (e.g. near residential area) were more willing to invest in a
PM10 abatement technique. Farmers who perceived the obstacle rules
and regulations as constraining had a greater preference for 10 yrs or 15
yrs exemption from future legislation. The obstacle support from my
family had a significant negative relationship (at 1%) with 10 yrs and 15
yrs exemption from future legislation. This finding indicates that
farmers who perceived family support as constraining, had a lower
preference for future legislation exemptions.

relation with socio-economic characteristics and perceived obstacles for
business development. Our results indicated that on average, farmers
were reluctant to invest in PM10 abatement techniques. These results are
in line with Blasch et al. (2020), who found that farmers are in general
reluctant towards the adoption of precision farming technologies. As the
increased production costs are not compensated by an output price
premium (Blanken et al., 2020), farmers have a financial disincentive to
invest in PM10 abatement techniques. Earlier research by Gocsik et al.
(2015) showed that broiler farmers’ willingness to invest in more animal
welfare friendly production systems crucially depends on financial
feasibility. Furthermore, these same authors found that farmers are
reluctant to convert to systems requiring irreversible changes, as this
limits their flexibility to restore the previous farm situation. The
farmers’ reluctance to invest in PM10 abatement techniques can also be
explained by the ‘endowment effect’. This effect is well known and
documented in the DCE literature and states that participants have a
preference for retaining their current situation (Campbell and Erdem,
2019).

5. Discussion
This paper aimed to measure farmer preference with regard to in
vestments in different PM10 abatement techniques and to explore the
7
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Fig. 5. Point estimates (dots) and 95% confidence intervals (horizontal lines) of the main effects and interaction effects in the parsimonious model with
perceived obstacles.

If farmers were to invest in a PM10 abatement technique, then ioni
zation carbon brushes (31% PM10 emission reduction) and ionization
coronawires (52% PM10 emission reduction) would be the most preferred
options, whereas the interest for the conditioned air unit (80% PM10
emission reduction) appears limited. This finding can be explained by the
relatively large investment required for the latter technique (between
EUR 172,125 and EUR 210,375 per broiler house). Blasch et al. (2020)
and Long et al. (2016) found that a high initial investment is one of the
main barriers for the adoption of new technologies. Our results indicated
that farmers were indifferent between default investment amount, 10%
decrease in investment amount and 10% increase in investment amount. A
possible explanation for this finding might be that the differences were
too small to be considered relevant.
The policy-related attributes subsidy and exemption from future legis
lation were among the most important drivers explaining choice
behavior. This finding confirms that public policy is crucial in incen
tivizing firms to perform environmental investments (Garcia-Quevedo
et al., 2022). In line with our finding, Horbach et al. (2012) found that

firms attach a high importance to expected future regulations when
investing in environmental innovations. The importance assigned to
exemption from future legislation can be explained by our finding that
farmers perceived rules and regulations as the most constraining factor for
business development. Earlier studies found a negative impact of un
certainty on investment decisions in agricultural technologies (Carey
and Zilberman, 2002; Isik, 2004). Exemption from future legislation can
be a solution to alleviate policy uncertainty, and can therefore stimulate
farmers to invest in PM10 abatement techniques.
In our study we found that a subsidy increased the likelihood of
investing in a PM10 abatement technique. This finding is in line with
Horbach et al. (2012) and Garcia-Quevedo et al. (2022), who found that
subsidies have a positive effect on investments in pollution abating
technologies. A drawback of investment subsidies is that only known
technologies are usually eligible and therefore they decrease the use of
private information (Garcia-Quevedo et al., 2022). Veugelers (2012)
found that subsidies and regulations are complementary for the adop
tion of environmental innovations, which is relevant for the design of
8
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policies that aim to reduce air pollution. In our study, we found that
exemption from future legislation also increased the likelihood of investing
in a PM10 abatement technique. This finding suggests that more
policy-related certainty can enhance the effectiveness of subsidy
schemes for PM10 abatement techniques.
The results of our study indicated that farmers who perceived sup
port from my family as constraining, where more likely to invest in the
absence of future legislation exemptions. Furthermore, farmers who
perceived support from business partners as constraining, were more
likely to select non-subsidized investment options. In the literature,
these sources of support are also summarized as social capital (Hansson
and Sok, 2021). Our findings suggest that farmers with less social capital
have a lower trust in the government. The relationship between social
capital and trust in the government is well established in the literature
(Brehm and Rahn, 1997). Farmers who perceived support from business
partners as constraining, were less likely to invest in PM10 abatement
techniques. This is consistent with Blasch et al. (2020), who found that
social networks amongst farmers are essential for the adoption of pre
cision farming technologies.
Our study has several limitations that should be taken into account
when interpreting the results. Although our sample was representative
in terms of animal welfare production systems and the solvency rate, it
was rather small and large farms were overrepresented. A small sample
size is a common drawback in DCE studies targeting farmers (Chèze
et al., 2020), especially when dealing with sensitive issues such as
environmental measures. Based on the rule of thumb proposed by Orme
(1998), the sample size satisfied the minimum required sample size (50)
to analyze the main effects of the attributes in our experimental design.
The response rate of our study (17%) was relatively low, which can be
explained by the survey mode (online survey) selected for this study. An
online survey has various advantages, such as lower survey costs and a
capability of reaching a large sample of respondents, but typically leads
to a lower response rate compared to face-to-face and paper surveys
(Shih and Fan, 2009). Due to the COVID-19 restrictions, face-to-face
surveys were not possible. Zahl-Thanem et al. (2021) analyzed the
non-response bias in paper and email surveys and found very small
differences between the two types. Although the response rate of the
paper survey was twice as high as the email survey, the sampling
approach did not affect the conclusions, mainly because the sampling
approaches had a similar representativeness. Our sample was repre
sentative in terms of the farmers’ socio-economic characteristics (age,
education level, solvency rate) (CBS, 2021). Furthermore, it represented
around 10% of the total number of Dutch broiler farmers, which is
relatively high for agricultural surveys. Another explanation for the low
response rate is that farmers were reluctant to provide information.
Gocsik et al. (2016) surveyed broiler farmers’ preferences for more
welfare friendly production systems. The farmers indicated that they
were reluctant to participate in the survey as they were afraid that the
results would be used against them. It is likely that this reluctance also
applied to our survey.
Another limitation of our study is that the number of techniques
included in the DCE was limited. Only three techniques were included to
ensure that the differences between the techniques and their corre
sponding PM10 reduction efficiency were observed by the farmers. A
sufficiently wide range of levels should be used to avoid that re
spondents ignore the attribute because of little differences in levels
(Lancsar and Louviere, 2008). The selected techniques differed in terms
of their mitigation strategy (ionization and ventilation), as well as their
application (indoor and end-of-pipe) and PM10 reduction efficiency
(31%, 52% and 80%). Furthermore, we selected only three techniques
limited as our sample was relatively small. Based on the rule of thumb
proposed by Orme (1998), adding one more technique in the DCE would
require eighteen more respondents to analyze the main effects. Future
research could investigate farmers preferences for other PM reduction
strategies, such as oil spraying systems or low-dust feed, to improve the
understanding of farmers’ willingness to adopt measures that lower PM

emissions. Furthermore, future research could investigate farmers’ in
vestment preferences for techniques that reduce emissions of other air
pollutants, such as ammonia and odor.
6. Conclusions and policy implications
This study aimed to measure farmer preferences for investments in
different PM10 abatement techniques and to explore how they relate
with socio-economic characteristics and perceived obstacles for business
development. We conclude that farmers’ preferences are mainly deter
mined by technique, subsidy and exemption from future emission legislation.
Heterogeneity in these preferences can be explained in part by social
factors (e.g. age of the farmer) and perceived obstacles for business
development (e.g. foreign competition). In general, farmers that perceived
these obstacles as constraining were less willing to invest in PM10
abatement techniques.
Our study has two implications for policy makers aiming to enhance
the adoption of PM10 reduction strategies. First, policy uncertainty
disincentivizes farmers to invest in PM10 abatement technology.
Particularly farmers who perceived rules and regulations and knowledge
and competences within the farm as obstacles for business development,
were more willing to invest in a PM10 abatement technique when
exemption from future legislation was provided. Second, farmers prefer
ionization techniques (31–52% PM10 emission reduction) over condi
tioned air units (80% PM10 emission reduction). This suggests that in
spite of their lower efficiency, it is worth focusing subsidy schemes on
techniques that have a medium to high PM10 reduction efficiency, to
maximize overall adoption. The high heterogeneity in farmers’ prefer
ences and in their willingness to invest favors differentiated payment
options by farmer type and supports targeted subsidization schemes for
PM10 abatement investments.
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