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Payments for ecosystem services (PES) programs in agriculture are designed to encourage farmers to adopt agroenvironmental practices through financial or non-financial incentives. Using a choice-based conjoint (CBC)
analysis, we measured public preferences regarding different constitutive attributes of PES (e.g., types of agroenvironmental measures, conditions of payment, responsible institutions, intervention sites) that aimed to
reduce pollution from agricultural sources and increase biodiversity in the agricultural landscapes of southern
Quebec. The CBC analysis revealed a strong preference by the respondents for a reduction of pesticide de
pendency in their choice of attributes with regard to the proposed scenarios. By carrying out PES scenario
simulations, this study demonstrates that there is a ten times higher willingness to pay for pesticide reduction
scenarios than for scenarios aiming to restore hydric resources such as wetlands and riparian-zones. In addition,
this study finds a mixed interest in PES programs since ecosystem services generated by agro-environmental
practices seem to be misunderstood by the public. Therefore, pesticide reduction could be used as a strategy
for financing PES initiatives that are socially acceptable while bringing farmers flexibility in their choice of agroenvironmental practices. In this way farmers can achieve pesticide reduction goals while promoting a bundle of
ecosystem services.

1. Introduction
Many economic activities such as fishing, farming, tourism and
forestry are based on the production of goods and services provided by
nature. The ecosystem services (ES) concept seeks to account for this
dependence of human societies on ecosystems, commonly defined as the
contributions of ecosystem structure and function to human well-being
(MA, 2005). Neoclassical economic theory recognizes that those who
manage the production of ES also depend on them, and therefore stip
ulates that the market should protect and support these ES (Beder,
2011). However, we are now witnessing an erosion of many ecological
functions and ES due to the environmental degradation generated by
economic activity (e.g., the effect of pesticides on pollination services)

and the effect this has on exhausting the potential of some services (e.g.,
overgrazing, soil degradation or eutrophication). Beyond the effects of
the erosion of ES due to economic activity, society as a whole suffers
when bundles of ES are irreversibly degraded. The erosion of certain ES
contributes to the more general observation that the economic growth of
societies is increasingly breaching ecological limits (Ripple et al., 2017).
More than ever, the challenges of sustainability and conservation of
biodiversity require solutions that address the negative externalities of
market transactions. Negative externalities arise when an individual, a
firm or a country takes an action but does not bear all the costs, i.e.,
environmental damages or welfare impacts, of the action (The World
Bank, 2000). To reverse this mechanism and reduce the production of
negative externalities, different policy tools have been proposed to
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control and adapt systems, to impose taxes, pay subsidies, or to issue
tradeable permits (Weersink et al., 1998; Tabaichount et al., 2019).
Derived from the second type of economic tools, payments for ecosystem
services (PES) are programs that are designed to respond to market
failures by altering the economic incentive structure in favour of ES
provisioning. PES are defined, in their most common but controversial
definition, as a voluntary transaction in which a well-defined environ
mental service (or a land use likely to secure its provision) is purchased
by at least one buyer from at least one provider “if and only if the
environmental service provider secures provision of the service”
(Wunder, 2005). In other words, PES programs aim to translate the
value of multiple ES into financial incentives to compensate land users
for implementing environmentally friendly practices and, thus, preserve
the ecosystems that furnish these services.
PES implementation often involves engagement with a variety of
actors including public authorities and the private sector; financing with
multiple and combinable sources (e.g., financing by the beneficiaries of
the service or by the public authorities); and a payment, which is either
monetary or in-kind, fixed or negotiated in the form of reverse auctions,
and distributed to service providers, individually or collectively (Etril
lard, 2016). ES targeted by PES programs have so far included carbon
sequestration in biomass or soils, species habitat conservation, protec
tion of landscapes, and the preservation of hydrological functions
related to the quality and quantity of freshwater flows (Gómez-Bagge
thun et al., 2010). Since intensive farming is recognized as one of the
main causes of the erosion of biodiversity and ES, PES is often proposed
in agroecosystems to rebalance the regeneration of ES in the face of
continued production (Philip Robertson et al., 2014).
Coasean theory implies that PES scheme transactions should be
directly conducted between ES producers and ES beneficiaries, mini
mizing the role of intermediaries that exist between them (Diswandi,
2017). In the context of intensive farming, impacts on ES are mainly
local (such as water pollution and landscape homogenization), sug
gesting that citizens living close to intensive farms could be asked to pay.
However, when payment for measures to maintain or restore ES is
involved, PES may imply that only an established contract or formalized
transaction between parties can curtail the erosion of ES. This is often
conceptualized by shifting the responsibility for payment to those who
benefit from ES, particularly to the extent of their capacity to pay for
them. This shift can alter beneficiaries’ willingness to pay (WTP) and be
involved in a PES scheme as they may not feel responsible for the
degradation of ES themselves (Chan et al., 2017). The gap between the
theoretical application of PES and the potential disengagement of the
local population in the PES implementation makes the study of public
opinion in the establishment of a PES scheme a particularly interesting
issue to explore.
The objective of this paper is to analyze the possible social demand
for the implementation of a PES program. This general analysis leads to
more specific questions. From an economic perspective, what are the
preferences and what is the WTP of citizens for maintaining or pro
moting the production of ES via PES mechanisms? From a social
acceptability perspective, in what form should PES be implemented? A
PES scheme could be defined by the following characteristics: by short
or long commitments; by changes in practices aimed at reducing the use
of pesticides on the farm; by green infrastructures; by the setting aside of
land for biodiversity conservation purposes; and by specifying which
institution is responsible for the implementation of the contract. From
an operational perspective, this study analyses the understanding of the
concept of ES in an agricultural context by the population and provides
food for thought for decision makers and managers considering the
implementation of financial compensation mechanisms to promote the
adoption of agri-environmental practices within their farming business.

2. Materials and methods
2.1. The case study area: southern Quebec, Canada
Southern Quebec is located between Montreal and Quebec City. The
study area also includes towns and villages located south of the St.
Lawrence River such as Sherbrooke and Lévis as well as localities along
the north shore of this body of water such as Trois-Rivières. Fig. 1 de
limits the detailed study area.
Since the 1950s, the landscape of southern Quebec has undergone
major transformations due to agricultural modernization (Ruiz and
Domon, 2009). These changes have occurred mainly through mecha
nization and specialization (Morisset, 2010), through the use of syn
thetic inputs (e.g., pesticides, fertilizers and antibiotics), through the
arrival of high-performance seeds as well as due to agricultural drainage
and the modification of natural river patterns (Ruiz and Domon, 2009).
With the liberalization of markets in the 1980s, commercial agreements
favored the development of specialized farms focused on the intensive
production of foodstuffs dedicated to export (Dupont, 2006). This
intensification has created significant environmental repercussions on
natural resources, including the degradation of waterways, fragmenta
tion and loss of natural habitats (Bélanger and Grenier, 2002; Jobin
et al., 2003; Terrado et al., 2015; Goyette et al., 2016; Patoine, 2017).
To reduce the environmental impact of intensive agriculture, various
policies have been put into place to encourage agro-environmental
practices in southern Quebec (Tamini, 2011; Benoit, 2015). As a
result, a range of agro-environmental strategies have been implemented,
including regulatory initiatives and so-called accompanying measures
such as: initiatives intended to improve knowledge, awareness-raising,
training and technology transfer activities aimed at promoting the
adoption of good practices, and the adoption of financial assistance
programs for agricultural businesses, including the PES Prime-Vert
program (Lavallée and Dupras, 2016; Zaga-Mendez et al., 2020).
Historically, decision-making in terms of environmental governance
in agricultural areas (including the PES Prime-Vert program) in Quebec
is mainly done at the provincial level (Zaga-Mendez et al., 2020). When
an issue raises concerns from the stakeholders and the general public,
the provincial government sets up a commission to investigate the issue
both in terms of scientific facts and public opinion. In agriculture, the
Pronovost Commission (2008) drew up an overview of Quebec agri
culture and examined the effectiveness of public intervention. In terms
of diffuse agricultural pollution, the Beauchamp Commission (2000)
looked at Quebec water management, the Harvey Commission (2003)
investigated the place of hog production in sustainable development,
and the Lemay Commission (2020) studied the effect of pesticides on
health and the environment. Although the commissions’ hearings are
open to everyone, the participation of the general public during these
consultations has been rather limited.
2.2. The choice-based conjoint experiment
To analyze general public preference towards different PES scenarios
in southern Quebec, a choice-based conjoint (CBC) analysis was con
ducted. Such a CBC experiment can satisfy the wish to identify indi
vidual preferences through the analysis of the compromises that humans
make in a choice situation (Raghavarao et al., 2011). Widely used in the
field of marketing (Scherer et al., 2018), CBC analysis is gaining popu
larity in preference research over the past decades in many fields
including in health, landscaping and environment (Anabtawi et al.,
2020; Morardet et al., 2015; Schirpke et al., 2019).
A CBC experiment allows individuals to be faced with alternative
scenarios regarding a choice situation. These scenarios are formed by
combining different attributes and levels. Attributes are defined as
qualitative or quantitative criteria to be considered when making a
decision (Raghavarao et al., 2011). The basic presumption of this
approach is that humans gain utility from a specific combination of
2
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Fig. 1. The case study area: southern Quebec, Canada.

attributes, rather than from the individual attributes (Orme, 2014). In
the case of the choice of a bottle of wine for example, someone might
want to consider the vineyard origin, the variety, the blend, the colour,
the presence of organic or fair-trade labels, the sugar, the sulphite
content, the price, etc. In a CBC experiment, these characteristics are
considered as attributes. Each attribute is assigned a set of possible
values called levels. So, in the example of the choice of a bottle of wine,
the attribute “colour” could have four levels: red, white, rosé and or
ange. As for the attribute, the levels have to be representative of real
possibilities which the respondent can recognize when making a
decision.

2.2.2. Attributes selection
To identify the PES attributes and levels, individual interviews and
focus group were conducted with experts in the spring of 2018. Three
scientists specialized in agro-ecosystems and ES assessments, three
representatives from different provincial ministries1 and a representa
tive of the professional farmers’ union were interviewed. Based on the
information gathered from these interviews and from a literature re
view, a list of attributes related to PES was developed. The proposed
attributes and levels aimed to increase ES, mainly in agricultural areas
but also in support and regulatory services. In the context of this study,
we mainly targeted agro-environmental measures capable of maintain
ing good water quality resources. In addition, the choice of attributes
and levels were based on PES structures that had already been estab
lished in Quebec and elsewhere in Canada.
Five attributes were selected. The first one refers to the agroenvironmental measures. The measures presented in the CBC experi
ment are those currently encouraged by various government initiatives
for farmers in the study area. The second attribute refers to the monetary
attribute. It included four levels of monetary contributions ($10, $25,
$50 and $100). With this attribute, we wanted to determine the public’s
preferences for contributing financially to the proposed scenarios and
for calculating their WTP. In this CBC scenario, it was stipulated that the
financial contribution would be taken directly from the participants’
yearly provincial government income tax. The third attribute deter
mined the public’s preference in terms of the duration of the financial
support regarding the PES. Given that the adaptation of farmers to new
agro-environmental measures can take several years, we wanted to
know if the general public preferred a one-, three- or five-year engage
ment. The fourth attribute was related to the management of the fund.
The study wanted to find out which institution, according to the public,
was best suited to take responsibility for the PES program management.
And finally, the last attribute referred to the geographic scale in which
the compensation would be carried out.
Once the selection of attributes and levels were completed, a pre-test
was carried out by five researchers familiar with CBC analysis. In
addition, a pilot test survey among 48 people was conducted before the

2.2.1. Experiment
The questionnaire that was used for the CBC experiment consisted of
three parts. The first part was aimed at drawing a portrait of the par
ticipants’ socio-demographic characteristics. The second part docu
mented the agro-environmental concerns of the respondents. The third
part was the CBC, which is described in the next section. At the end of
the CBC, we wanted to have a better understanding of how participants
made their choices for the different scenarios presented in the CBC
section. We were especially interested in the main attributes taken into
account when making decisions, the order of preference among the at
tributes and participants’ opinions on whether the scenarios were
realistic.
The questionnaire was conducted using Lighthouse Studio version
9.8.0 by Sawtooth Software Inc. The CBC experiment included 12
random choice tasks with two PES scenarios for each task in addition to
an opt-out option. The opt-out option allowed respondents to refuse to
choose between the two proposed scenarios. We prepared a total of 30
sets of choice cards following an orthogonal selection procedure. We
applied the Sawtooth Software balanced overlap design to enable min
imal level overlap within individual tasks and decrease the probability
that an attribute’s level would repeat itself in each choice set (Huber and
Zwerina, 1996).

1
Quebec Ministry of Agriculture, Fisheries and Food; Quebec Ministry of the
Environment and the Fight against Climate Change; Quebec Ministry of Forests,
Wildlife and Parks
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A. Lévesque et al.

Ecological Economics 184 (2021) 106997

multivariate normal distribution while in the lower level, given an in
dividual’s part worth, human probabilities of choosing particular al
ternatives are governed by a multinomial logit model. In this study, the
HB estimate was performed using the Lighthouse Studio 9.8.0 software
based on the Monte Carlo Markov Chain algorithm (Orme and Chrzan,
2017).

beginning of the main survey. After the pre-test, the final monetary
contributions and other attributes and levels were drawn up. For the
attribute on the payment condition, the initial levels were: $10–$25$75-$150-$300. The pre-test with the 48 respondents allowed us to
adjust the final levels ($10–$25-$50-$100), since a high portion of these
respondents, facing the compensation amounts initially proposed, have
chosen the opt-out option making the choice experiment unconstructive.
The resulting set of attributes and levels is illustrated in Table 1. In
addition, Fig. 2 shows an example of a choice set from which re
spondents had to choose.

2.3.2. Latent class analysis
Latent class (LC) analysis allows different segments of a population
to be identified from among a group of respondents in order to identify
precisely their preferences in relation to a subject of study (Boxall and
Adamowicz, 2002). This type of analysis simultaneously groups in
dividuals into homogeneous classes and then estimates the different
parameters of the utility function conditional on their group (or class) of
belonging (Bonnieux and Carpentier, 2007). Due to its structure, LC
analysis is generally considered easier to understand by decision makers
because it identifies different population segments, defined according to
the individuals’ profiles and their respective weights in the population
surveyed (Travers et al., 2018). In this study, the LC analysis was per
formed using Lighthouse Studio 9.8.0.

2.3. Data collection and CBC analysis
Data were collected by LEO, a service provider using an online panel
in April 2019. The study targeted the adult population located in
southern Quebec (70% cities/suburbs and 30% countryside) and fol
lowed Quebec’s demographic profile in terms of age and gender. Once
recruited, respondents were redirected to the online survey question
naire hosted by Sawtooth Software. In total, 2007 respondents
completed the CBC. We eliminated respondents who completed the
survey in under seven minutes or who showed no variance with regard
to their CBC experiment. This led to 1875 responses for analysis. For a
95% confidence level, this sample represents a margin of error of 2%,
because our target population (18+ years old) represents a total of
6,401,720 people (see Table 2), which confirms that our results are
representative of the target population (Orme, 2010). In addition,
Lancsar & Louviere (2008) suggested that a number of 20 responses per
choice card is sufficient to perform efficient estimates. In our choice
experiment, we had a total of 30 sets of choice cards, yielding 62 re
sponses per choice set and confirming the robustness of our analysis.
Before proceeding with the CBC, a contextualization of the study was
presented. It explained the PES concept and the SE generated by agroenvironmental measures. For each of the choice sets, the respondents
were invited to compare each scenario according to the attributes and
levels presented, and to choose the one that they preferred or the opt-out
option. The data derived from the CBC experiment was then analyzed
using the Hierarchical Bayesian approach and a latent class model. The
following section will briefly describe these two analyses.

2.3.3. Scenario simulation
By identifying preferences occurring at the individual level, simu
lation can support decision makers in identifying indicators of public
acceptance (Orme, 2010). There are a multitude of tools for performing
preference simulations (Train and Weeks, 2005). In this study, we used
the Choice Simulator® developed by Sawtooth Software. Based on the
respondent-level CBC’s results, this simulator allows the defining of
hypothetical scenarios, which then compete against each other (Orme,
2010). The simulator estimates choice shares by means of the Ran
domized First Choice (RFC) method, which allows the incorporation of
heterogeneity among segments. By doing simulations, we aimed to
quantify and weigh the decision criteria and preferences of PES sce
narios to derive implications for a socially acceptable PES mechanism.
3. Results
3.1. Respondents profile
Table 2 provides a portrait of the socio-economic profile of the
selected respondents. Our sample is fairly well representative of the
population of Quebec but we note an over-representation of higher ed
ucation graduates and participants with a low household annual gross
income, quite a common phenomenon observed in on-line surveys
conducted in Quebec (He et al., 2017).
Table 3 provides a portrait of the respondents’ degree of belonging to
the agricultural sector. It is interesting to note that few respondents
regularly visit farms or the countryside, despite their proximity to the
cities under study. However, 47% of respondents have been to a farm in
the past year and most of them go to the countryside at least one or two
times each year. This is very plausible given that rural areas are omni
present between the main urban centres of southern Quebec. The study
also wanted to investigate respondents’ concerns about agroenvironmental issues. The survey shows that 90% of respondents were
concerned by both the water quality and the loss of biodiversity (polli
nators, trees, birds, wetlands, etc.) in agricultural areas.
The study also analyzed the environmental concerns of respondents
in the agricultural sector. Fig. 3 summarizes which water quality issues
were of most concern among respondents. The latter had to prioritize
three of the seven concerns presented. The study was thus able to
evaluate public perception of water quality. Pesticides (glyphosate,
neonicotinoids, atrazine, etc.), emerging contaminants (drug residues,
hormones, micro-plastics, etc.), fertilizers (nitrates, nitrites, phosphorus,
etc.) and blue-green algae (cyanobacteria) are the water quality issues
considered to be the most significant among the population surveyed. It
is interesting to note that the respondents did not seem concerned about

2.3.1. Hierarchical Bayesian approach
Hierarchical Bayesian (HB) is a statistical estimation method suited
to highlight the heterogeneity of preferences by estimating individuallevel utilities (Orme, 2000). It is hierarchical because it has two levels.
The higher level assumes that individuals’ part worth is described by a
Table 1
PES attributes and levels of the CBC experiment.
Attribute

Levels

Agro-environmental measures

Decreased dependence on pesticides
Establishment of riparian buffer zones
Adoption of soil conservation practices
Planting of trees in agricultural environments
Restoration of wetlands in agricultural areas
$10
$25
$50
$100
1
3
5
Provincial government
Farmers’ association
Municipality
Environmental organization
City
Region
Province
Refusal option

Payment conditions

Duration of engagement (years)
PES program manager

Geographic scale
Opt-out option
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Fig. 2. Example of a choice set.
Table 2
Socio-demographic structure of the respondents.
Sample Characteristics
Gender
Age*

Total household annual ($) gross
income***

Education****

Female
Male
Not answered
18–29
30–39
40–49
50–59
60 +
Not answered
1–24,999
25 k - 49,999
50 k - 69,999
70 k - 99,999
100 k +
Not answered
Elementary diploma
High school diploma
Vocational studies
diploma
College diploma
University diploma
Not answered

Respondents (n ¼
1875)

Proportion
(%)

Population of Québec* (n ¼
8,164,360)

Proportion
(%)

857
1013
5
372
356
426
321
399
1
241
402
328
401
347
156
11
399
508

46
54
–
20
19
23
17
21
–
13
21
17
21
19
9
1
21
27

4,016,760
4,147,605
–
995,950
1,066,045
1,025,950
1,255,910
2,057,865
–
583,610
873,885
587,220
626,915
860,030
–
1,323,070
1,426,980
1,120,730

49
51
–
16
17
16
19
32
–
17
25
16
18
24
–
20
21
17

284
668
5

15
36
–

1,165,515
1,597,985
–

18
24
–

*2016 Canadian census *n = 6401720**n = 3,531,665; ***n = 6,634,280.

the quality of their drinking water, from the aqueducts and surface
wells. The question arises as to whether the respondents make the
connection between the water quality issues, the quality of the water
they drink daily and the agricultural practices carried out on the St.
Lawrence plain. Respondents’ confidence in their drinking water treat
ment system could be a plausible explanation for this low concern for
their tap water.

the average root likelihood (RHL) and the average percent certainty,
which scored 0.687 and 0.659 respectively. This table presents the
utility value (UV) of each level and the overall importance of the attri
butes. For the average utility value, the results generated by the HB
analysis have been rescaled to zero-centred differences for better
comparability. A negative UV indicates that this level is generally less
attractive than other levels relating to the same attribute.
As indicated in Table 4, the importance attribute of agroenvironmental measures is the most critical factor for the choice de
cisions (45.89%); it is followed by the payment conditions (29.58%), the
PES program manager (9.54%), the duration of engagement (8.20%),
and lastly by the geographic scale (6.78%).

3.2. HB analysis
The findings for this CBC experiment as analyzed with the HB are
presented in Table 4. The indicators of goodness used in the study were
5
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the duration of engagement, a one-year financial commitment gained
positive values, whereas the three-year or a five-year engagement
showed a significant negative UV. The two latter results indicate that, on
average in our sample, individuals prefer short engagement with a
minimal contribution. This is very normal; people always want to have
more by paying less. For the PES program manager, an environmental
organization was slightly favored over the municipality, followed by a
farmer’s association. A program managed by the provincial government
was less favored. For the geographic scale, people preferred more city or
regional level management, and large-scale management carried out by
the provincial government is less preferred.

Table 3
Farming experience of the respondents.

Last visit to a farm

Frequency of visits to
the countryside

Level of concern | loss
of biodiversity in
agricultural areas
Level of concern |
water quality in
agricultural areas
Knowledge of an
organization that
works on water
management

Sample
Characteristics

Respondents
(n ¼ 1875)

Proportion
(%)

Less than a month
Less than a year
Between 2 and 4
years
Over 5 years
Never
Everyday
2–5 days a week
1–2 times a
month
8–10 times a year
1–2 times a year
Never
Very concerned
Moderately
concerned
Little concerned
Very concerned
Moderately
concerned
Little concerned
Yes
No

132
798
427

7
43
23

361
153
247
57
219

19
8
13
3
12

475
694
172
976
709

25
37
9
52
38

178
985
738

9
53
39

145
300
1537

8
16
82

3.3. LC analysis
The LC analysis was also performed with the Lighthouse Studio 9.8.0
software. The solution was calculated for a range of at least two and a
maximum of five segments. The class choice was made according to the
indicators log likelihood, percent certainty, consistent Akaike informa
tion criterion (CAIC), Bayesian information criterion (BIC) and relative
chi-square, all presented in Table 5. Based on the results of Table 5, we
use the qualitative data gathered during the choice experiment to choose
the solution.
Table 6 shows the part-worth utilities of each class and the relative
importance of attributes of our solution. Attribute importance describes
the importance of each attribute when making a decision (Orme and
Chrzan, 2017). To calculate the importance of attributes per class, the
attribute importance of each respondent was estimated individually.
This was done by “percentaging” the ranges of attributes within each
respondent that fit into each class (Orme and Chrzan, 2017). To estab
lish the overall importance of attributes per class, each respondent’s
relative importance was summed with that of all the respondents present
in the class and then divided by the number of respondents (Orme,
2010). Based on our results, the four classes are “the anti-pesticides”
(35.8%, n = 672), “the protester” (13.3%, n = 249), “the thrifty” (19.6%,
n = 367) and “the aqua-lovers” (31.3%, n = 587).
Results in Table 6 show that for all four classes, the preferences for
the cheaper projects and a short length of financial support are relatively
common. For the attributes other than duration and amount to pay, the
differences in the levels seem to be more varied among the four classes.

The opt-out option produced a negative utility value (UV = -171.78),
which indicates that respondents mainly want to change the current
situation. Regarding the levels, the highest UV is associated with the
decreased dependence on pesticides followed by the restoration of
wetlands in agricultural areas. It is an interesting result, as these levels
are the most different in terms of land use applications, i.e., the
decreased dependence on pesticides consists of reducing a polluting
practice whereas restoration of wetlands in agricultural areas consists of
the abandonment of land for biodiversity conservation purposes.
The payment conditions is the second most important factor that
people consider while making their choices. Regarding the levels, re
spondents clearly rejected the $50 and $100 contributions whereas both
$10 and 25$ showed a significant positive UV. Concerning the levels of

Fig. 3. Water quality issues that were of most concern among respondents.
6
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contribution (UV = -46.61) payment condition. However, it has a very
low score for the 50$ contribution (UV = -0.81) and the lowest positive
scores for the 10$ and 25$ contributions. This is plausible given that the
payment conditions attribute was not a priority when deciding between
the different PES scenarios presented. Concerning the duration of
engagement, we note a very low importance for this attribute, with the
one-year option being preferred over the three- or five-year financial
commitment, as is the case in the three other classes. As for the PES
project manager suited to take care of the PES scenarios, environmental

Table 4
Average utility values (zero-centred diffs) and average importance attribute of a
PES program.
Attribute Level

Agro-environmental
measures
Decreased
dependence on
pesticides
Establishment of
riparian buffer zone
Adoption of soil
conservation practices
Planting of trees in
agricultural
environments
Restoration of
wetlands in
agricultural areas
Payment conditions
$10
$25
$50
$100
Duration of engagement
1 year
3 years
5 years
PES program manager
Provincial
government
Farmers’ association
Municipality
Environmental
organization
Geographic scale
City
Region
Province
Opt-out option

Utility
Value
(UV)

Std
Deviation

Lower
95% CI

Upper
95% CI

56.66

109.83

51.69

61.63

− 5.60

60.10

− 8.32

− 2.88

− 24.93

64.51

− 27.85

− 22.01

− 35.06

78.95

− 38.64

− 31.49

8.93

96.42

4.57

13.30

57.58
27.65
− 13.82
− 71.41

55.76
24.90
22.46
57.73

55.06
26.53
− 14.84
− 74.03

60.11
28.78
− 12.80
− 68.80

11.12
− 2.86
− 8.26

21.46
12.57
18.83

10.15
− 3.42
− 9.11

12.09
− 2.29
− 7.41

− 8.33

22.11

− 9.33

− 7.32

0.43
3.25
4.64

20.44
17.66
22.81

− 0.49
2.46
3.60

1.36
4.05
5.67

1.15
2.16
− 3.32
− 171.78

16.79
14.19
20.71
404.15

0.39
1.52
− 4.25
− 190.07

1.91
2.80
− 2.38
− 153.48

Attribute

Importance
(%)

Std
Deviation

Lower
95% CI

Upper
95% CI

Agro-environmental
measures
Payment conditions
Duration of
engagement
PES program
manager
Geographic scale

45.89

19.23

45.02

46.76

29.58
8.20

17.86
4.33

28.77
8.00

30.39
8.40

9.54

5.69

9.29

9.80

6.78

4.67

6.57

6.99

Table 6
Part-worth utilities and importance of attributes (zero-centred diffs) per class.
Class Size

Attribute level
Agro-environmental
measures
Decreased
dependence on
pesticides
Establishment of
riparian buffer zones
Planting of trees in
agricultural
environments
Adoption of soil
conservation practices
Restoration of
wetlands in
agricultural areas
Payment conditions
10 $
25 $
50 $
100 $
Duration of engagement
1 year
3 years
5 years
PES program manager
Provincial
government
Farmers association
Municipality
Environmental
organization
Geographic scale
City
Region
Province
Opt-out option
Attribute importance
per class (%)
Agro-environmental
measures
Payment conditions
Duration of
engagement
PES program manager
Geographic scale

3.3.1. Class 1 - the anti-pesticides
One characteristic feature for class 1 is the importance of the agroenvironmental measures (75.60%) attribute. Additionally, this class
shows the lowest importance for the payment conditions (15.99%) and
the geographic scale (0.57%) compared to the other three classes. When
analyzing the part worth utilities of the different measures, this class
presents the highest UV of all classes for decreasing dependence on
pesticides (UV = 250.83) and a negative score for all the other measures.
As is the case for the other classes, class 1 is not attracted to the 100$

Class 1 The
antipesticides

Class 2
The
protester

Class 3
The
thrifty

Class 4 The
aqualovers

35.8%

13.3%

19.6%

31.3%

Utility value (UV) per class
250.93

31.32

62.14

− 108.56

− 67.83

− 17.85

− 11.56

86.96

− 127.06

8.01

− 35.20

4.29

− 10.37

− 35.01

− 46.47

− 92.04

− 45.67

13.52

31.09

109.35

31.36
18.13
− 0.88
− 48.61

141.68
36.93
− 76.17
− 102.44

151.01
59.98
− 50.80
− 160.19

102.67
63.47
− 36.41
− 129.73

10.24
− 3.97
− 6.26

46.11
− 2.64
− 43.47

27.89
− 12.67
− 15.21

3.01
− 2.73
− 0.29

− 10.88

− 34.40

− 5.87

− 3.83

− 7.89
6.95
11.82

11.21
37.18
− 13.98

1.83
0.59
3.45

19.70
− 13.55
− 2.33

1.17
− 1.69
0.52
− 438.31

16.92
− 5.45
− 11.46
553.82

− 1.19
14.48
− 13.29
71.32

− 3.47
7.09
− 3.61
− 882.01

75.60

13.27

21.72

43.58

15.99
3.30

48.83
17.92

62.24
8.62

46.48
1.15

4.54
0.57

14.32
5.68

1.86
5.56

6.65
2.14

Table 5
Model selection for latent class segmentation.
Groups

Log-likelihood

2
3
4
5

−
−
−
−

18,406.76
17,534.49
17,126.02
16,881.96

Pct Cert

CAIC

BIC

Relative Chi-Square

Average max. Membership

25.54
29.06
30.72
31.70

37,155.19
35,586.97
34,946.37
34,634.60

37,124.19
35,539.97
34,883.37
34,555.60

407.23
305.71
241.04
198.40

0.98
0.97
0.91
0.88

Legend: Pct Cert: percent certainty; CAIC: consistent Akaike Information Criterion; BIC: Bayesian Information Criterion.
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organizations and municipalities were the preferred options. For the
geographic scale, class 1 is the only class with a positive score for the
provincial scale where the PES could be implemented. Due to their
strong positive evaluation for pesticide reduction in the agroenvironmental measures, we called this class “the anti-pesticides”.

who listed algal blooms as a preoccupation for water quality are more
likely to be members of class 4. Due to their positive evaluation of
riparian-zones and wetlands restoration, we called this class “the aqualovers”.
3.4. Simulating PES scenarios to socio-finance on-farm pesticide
reduction strategies

3.3.2. Class 2 – The protester
Members of class 2 represent 13% of the entire sample. A very high
UV for the opt-out option (UV = 553.82) suggests that members of this
class are not really interested in the type of PES scenario presented. In
fact, members of class 2 have all chosen the opt-out option over the
proposed scenarios at least seven times out of twelve, and 81% have
selected this option twelve times out of twelve. In addition, 68% of the
respondents justified their choice of the opt-out option. Members of class
2 exhibit a high level of protest responses, such as “I pay enough taxes”
(17%), “I have no interest in this issue” (8%), “The funds should be
allocated more efficiently” (6%), and “This issue is not my re
sponsibility” (10%). In addition, 17% indicated that their current in
come does not allow them to contribute. As a result of the part-utility
values for the opt-out option and the low UV attached to the agroenvironmental measures, we named this class “the protesters”.

In this simulation, the attributes and levels related to PES scenarios
were the same as those used in the CBC experiment. In the scenario
simulation, we kept the agro-environmental measures constant while
varying the levels of the other attributes: payment condition, duration of
engagement, PES program manager and geographic scale. The sensi
tivity analysis was done using the Randomized First Choice (RFC)
model. RFC calculates preference shares, which is the percent of re
spondents in the sample that preferred each alternative (Orme, 2010).
Results are shown in Fig. 4.
These results demonstrate that the predominant determinant of
policy preference is the type of agro-environmental measure. Since the
biggest difference in terms of preference is given by the measure, the
other variations between levels are relatively much smaller. Pesticide
reduction is the preferred level among the five levels related to the agroenvironmental measures. This level is followed by wetland restoration
and riparian-zone restoration, which matches the results of the HB
analysis.
For the payment conditions, the pesticide reduction level remains
stable up to $25. Thereafter, the share of preferences for this level de
creases drastically. The share of preference option assumes that people
do not always choose the option with the highest utility (Orme, 2010).
Instead, it calculates the probability of a respondent selecting one sce
nario over others available to them simultaneously. For the other four
agro-environmental measures, the share of preferences starts decreasing
at $10, indicating that the public is less interested in paying beyond that
amount. For the duration of engagement, the sensitivity analysis reveals
that the respondents are open to financing agro-environmental measures
for more than just one year. A 3-year or even a 5-year commitment does
not seem to affect the utility level for the respondents. For the PES
program manager, a common trend between the 5 agro-environmental
measures points towards an environmental organization, followed by
a municipality and then a farmers’ association. For the geographic scale,
sensitivity analysis reveals that the benefits of such a program should be
managed at the city or regional level, rather than at the provincial level.
Based on the results of the sensitivity analyses, we have developed
three PES scenarios (Table 7). To build these scenarios, we used the
attribute levels for which the respondents obtained the greatest satis
faction through optimization simulations. For the pesticide reduction
scenario, the choice of attribute levels was made in the same way as for
the other two scenarios but the monetary attribute was simulated for
each level ($10, $25, $50, and $100) through four simulations. There
fore, the first simulation consisted of comparing the pesticide reduction
scenario (payment condition set at $10) with the two other scenarios
shown in Table 7. The second simulation was carried out the same way
as the first simulation but the payment condition for the pesticide
reduction measure was increased to $25. In the third simulation, the
payment condition of the pesticide reduction scenario went to $50 while
for the fourth one, it increased to $100. By carrying out these four
simulations, it was possible to compare the change in share of prefer
ences among the three scenarios according to the different amounts of
money associated with the pesticide reduction scenario. The purpose of
the simulations was to see how the share of preferences behaved when
an increase in the annual payment occurred only for the pesticide
reduction scenario.
Fig. 5 shows the results of the four simulations with a payment
condition that varies for the pesticide reduction scenario ($10, $25, $50,
and $100). The simulations show that despite an increase in the pay
ment conditions, the share of preferences for the pesticide reduction

3.3.3. Class 3 – The thrifty
Characteristic features for class 3 are the importance of attributes
related to the payment conditions (62.24%) as compared to the other
three classes, followed by the agro-environmental measures attribute
(21.72%). Class 3 is distinguished by having the highest UV of all classes
for the 10 $ (UV = 151.01) payment attribute. Members of class 3
represent 20% of the sample, and 26% (n = 95) chose the opt-out option
over the proposed scenarios at least seven times out of twelve. To justify
their choice, 71% of respondents provided statements. The importance
of the monetary attribute was mentioned in 16% of the statements and
the incapacity of respondents to pay some of the amounts was
mentioned in 9% of the statements. The following response statements
illustrate the issues that make up 20% of the statements: “I pay enough
(taxes)”, “I don’t want to contribute”, “I am not interested in this issue”,
“This issue is unimportant”, “I shouldn’t have to pay for this”. Some
members of this class also mention that they feel this issue is not their
responsibility (14%), but mainly the responsibility of farmers. Due to
their strong positive evaluation towards the payment conditions attri
bute, we called this class “the thrifty”.
3.3.4. Class 4 – The aqua-lovers
Class 4 shows the second-highest importance for the agroenvironmental measures attribute (43.58%) and the payment condi
tions (48.48%). As in class 2, the duration of engagement and the
geographic scale are not important attributes. However, in keeping with
the positive UV, class 4 is the only one of the classes without a negative
score for establishing riparian buffers as an agro-environmental mea
sure. In contrast to the three other classes, the five-year engagement
(UV = -0.29) score is second for the payment duration attribute. As for
classes 2 and 3, this class of the population has a preference for wetland
restoration in agricultural areas, resulting in the highest UV (109.35). It
is the only class that rejects PES scenarios aiming to decrease the
dependence on pesticides (UV = -108.56). As for classes 2 and 3, this
class has a strong preference for the 10$ financial contribution (UV =
102.67) as well as for 25$ (UV = 63.47). Class 4 has a tendency to
exclusively prefer farmers’ associations among the four classes for the
PES project manager. Class 4 has the lowest UV for the opt-out option
(− 882.01), suggesting that members of this class agree with the sce
narios that they chose in the CBC experiment. Members of class 4 did not
select the opt-out option in seven out of twelve choice experiments, but
six (1%) chose the opt-out option three times out of twelve. In these
cases, members justified their choices by referring to their interest in the
options, in the management of the funds or in the recipient of the funds.
For interest in water-related issues such as algal blooms, respondents
8
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Fig. 4. Sensitivity analysis with constant agro-environmental measure levels (n = 1875).
Table 7
PES scenarios used in the market simulator.
Scenarios

Agro-environmental measures

Payment conditions

Duration of engagement

PES program manager

Geographic scale

#1
#2
#3

Decreased dependence on pesticides
Restoration of wetlands in agricultural areas
Establishment of riparian buffer zones

$10, $25, $50, $100
$10
$10

3 years
3 years
3 years

Environmental organization
Environmental organization
Environmental organization

Region
Region
Region

scenario remains the preferred option for the first three payment levels
($10, $25, and $50). The pesticide reduction scenario decreases to the
level of the wetland restoration scenario only at the fourth simulation
when the payment condition for the pesticide reduction scenario reaches
$100 while the wetland restoration scenario remains at $10. This result
is a good indication that the overall willingness of respondents to pay for

pesticide reduction is 10 times higher than for scenarios aiming to
restore hydric resources such as wetlands and riparian-zones.
4. Discussion
4.1. Pesticide reduction as the winning solution
The results of this study show a high preference for pesticide
reduction. We provide two interpretations of these results. First, the
respondents are highly focused on the pesticide issue as it shows in the
qualitative analysis (Fig. 2). This may be explained by the fact that
pesticide residue in food and water is a well-known public health
concern (Reeves et al., 2019; Giroux, 2019). This hypothesis leads us to
assume that the food safety issue is perhaps an important motivation in
the choices of respondents (Baker, 1999; Florax et al., 2005). Thus,
people tend to prefer attributes that have a direct impact on their daily
life (Chaikaew et al., 2017).
Another important factor related to pesticides in Quebec is the
dismissal of an agronomist, Louis Robert, working for the provincial
agriculture ministry, in the winter of 2019. The agronomist was dis
missed after publicly disclosing the interference of pro-pesticide lob
byists in research carried out by a publicly funded organization. This
whistle-blower was the subject of a lot of media coverage in the spring

Share of preferences

45%
40%
35%
30%
25%
20%
15%
10%
5%
0%

$10

$25

$50

$100

Payment conditions
Scenario #1

Scenario #2

Scenario #3

None

Fig. 5. Payment conditions sensitivity analysis of three PES scenarios.
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of 2019, which may have influenced the attitudes of the general public
and the choices of the respondents (McCluskey et al., 2016).
In addition to the extensive media coverage around pesticides, the
second hypothesis to explain the high preference rate for pesticide
reduction could be linked to the public’s lack of understanding of the
other agro-environmental measures presented in the choice sets. Data
from Table 3 shows that about 50% of the population only visit farms at
least once a year or less, which suggests their understanding of the
agricultural realities is limited. Soil conservation practices for example
is perhaps an abstract agro-environmental measure and linking this
practice to the concept of ES is not always easy for ordinary people
(Brevik et al., 2018).

really shows that a proportion of the population surveyed are against
taking part in a PES schemes in the form presented here. Other reasons
for the refusal to fund PES also include a belief that the environmental
issue presented in the survey is unimportant, that they would rather
fund other priorities, that they do not understand why the funds
currently allocated cannot resolve the issue, and that they do not un
derstand how the proposed measures would be useful. These reasons can
be an indicator that there is a misunderstanding of the reality in which
farmers operate and/or that there is mistrust towards the way public
funding is allocated.
The lack of trust in the “authorities” to implement change could also
contribute to reducing the willingness of the respondents to participate
(Morardet et al., 2015; L’Ecuyer-Sauvageau et al., 2019). Even the
enthusiasm of environmentalists could be reduced in terms of money
and time commitment if they are not sure that their money is well spent.
Positive respondents might very well be willing to commit for larger
sums and longer periods if they are convinced that the system works and
that their trust in the program is justified. One can also presume that
some of the naysayers would change sides once they see a real impact
from the PES taking shape. This timing issue would suggest that an
initial implementation of such a PES would be critical in the first years in
order to demonstrate its efficiency and garner acceptance. This aspect
could certainly be explored further in later CBC experiments.

4.2. Hydric resource restoration as a double function
It is important to note that almost a third (31.3%) of respondents had
a marked preference for the restoration of water environments. The
“aqua-lovers” in particular wish the restoration of wetlands in agricul
tural areas as a PES program. It is an economically expensive measure,
restricting for the farmer but with a significant gain in biodiversity and
ES (Brinson and Eckles, 2011). The “aqua-lovers” have also a strong
preference for the restoration of riparian-zones, which also requires
action to abandon agricultural land.
The first hypothesis that could explain this strong preference for
hydric resource restoration could be due to the fact that the province of
Quebec has had mechanisms to implement watershed-level manage
ment for the last two decades. Therefore, the presence of watershed
organizations in the study area (Rathwell and Peterson, 2012) could
explain why these two agro-environmental measures were prioritized by
“the aqua-lovers” class. The respondents’ awareness of issues related to
water quality, such as algal bloom events that are obvious in the land
scape, could also explain the preference for hydric resource restoration,
especially fot the “the aqua-lovers”. (class 4).
A large part of the population of southern Quebec is surrounded by
water, as they live in the Great Lakes and the St. Lawrence River
watershed. A second hypothesis could be that the population of southern
Quebec is more and more aware of the function of wetlands in retaining
water and preventing flooding (Quesnel., 2017; Lévesque et al., 2020).
This awareness could also be influenced by the time when the survey
was conducted (April 2019) that coincided with unusual flooding. In the
spring of 2019, flooding in southern Quebec was extreme, unheard of in
over 100 years. This extreme event followed another extreme flooding
event that occurred in 2017 and generated a lot of media coverage, and
socio-economic repercussion that may have affected the public’s
perception at that time on wetlands and water resources (Quesnel and
Ajami, 2017).

4.4. Pesticide reduction and ecological services: what are the possibilities?
One of the most important elements to emerge from the results of this
study is the strong preference of the general public for the PES scenario
that aimed at reducing pesticide use. During the simulations, the pesti
cide reduction scenario maintained its large share of preferences up to
payment levels of $ 100. This result indicates that some respondents are
willing to pay 10 times as much for this scenario as for those intended to
restore water environments.
Pesticide reduction is a theme that encompasses many agricultural
practices. It could therefore offer flexibility to farmers in agroenvironmental practices that can be implemented to reduce on-farm
pesticide use. For example, pesticide reduction can be accomplished
by the implementation of integrated management practices within the
agricultural enterprise such as crop rotation and monitoring, inter
cropping, biocontrol of pathogens and insects, precision agriculture,
cultivar selection and natural habitat restoration or conservation
(Brévault and Clouvel, 2019; Harms et al., 2020; Hatt et al., 2018;
Nazarko et al., 2005).
Furthermore, increasing a farmer’s literacy about different ecolog
ical concepts can help to decrease pesticide use on farms (Wyckhuys
et al., 2019). In parallel, a deeper understanding of local agroecosystems
is essential for reducing pesticide use. In this sense, it has recently been
documented that, in Quebec, the use of neonicotinoid seed treatments
for corn and soybeans is not justified in approximately 95% of field crops
(Labrie et al., 2020). And yet, this pesticide has a negative impact on
insect pollinators (Rundlöf et al., 2015; Singla et al., 2020).

4.3. Who has to pay?
By paying for measures to maintain or restore ecosystems, PES may
suggest that only an established contract or formalized transaction be
tween parties can curtail the erosion of ES. This is often conceptualized
by shifting the responsibility to those who benefit from ES, particularly
to the extent of their capacity to pay for them. This shift can alter the
beneficiaries’ willingness to pay and to be involved in a PES scheme, as
they may not feel responsible for the degradation of ES themselves
(Chan et al., 2017).
In our study, an indirect analysis of this issue can be conducted
through the interpretation of protest responses, involving the selection
of a preference for the opt-out option, which does not actually justify a
respondent’s genuine preference (Jorgensen and Syme, 2000; Meyerhoff
and Liebe, 2008). The fact that 18% of respondents who took part in this
survey chose the opt-out option over scenarios in seven out of twelve
choice sets, that 81% of members of “the protesters” class chose the optout option in all instances, and that most provided protest responses (e.
g., not my responsibility, I pay enough already) to justify their choice

5. Conclusion
This study has provided a snapshot in time of public preferences
regarding the establishment of hypothetical PES programs in the agri
cultural areas of southern Quebec, Canada. The results suggest that
pesticide reduction could be a strategic medium for reaching the general
public while providing of a bundle of on-farm ES. Furthermore, public
opinion may provide a ‘permissive consensus’ to the stakeholders
involved in environmental governance, including private ones (Neuner,
2019). Decision makers in Quebec and around the world are confronted
with the consequences for ecosystems due to the use of pesticides. Such
consequences include loss of biodiversity of insects and environmental
contamination, but also a general public concern related to pesticide
exposure (Sánchez-Bayo and Wyckhuys, 2019; Jamieson et al., 2017;
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Goddard et al., 2018; Reeves et al., 2019). However, agro-environmental
practices seem to be misunderstood by the general public. A better un
derstanding of these concepts could not only raise public awareness of
farming practices, but also make the general public aware of the
disservice resulting from their lifestyle as far as their food is concerned
(Søgaard Jørgensen et al., 2020). A “potentially powerful role of policy is
to provide reasons for people to change their expectations”; therefore, a
policy such as a PES initiative can act as a “behavioural tipping point”
towards sustainability (Nyborg et al., 2016). The findings of the study
can then be used as an avenue to tackle the underlying problems related
to pesticide use under the lens of on-farm ES, public opinion and PES
mechanisms.
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(1).
Florax, R.J.G.M., Travisi, C.M., Nijkamp, P., 2005. A meta-analysis of the willingness to
pay for reductions in pesticide risk exposure. Eur. Rev. Agric. Econ. 32 (4), 441–467.
https://doi.org/10.1093/erae/jbi025.
Giroux, I., 2019. Présence de Pesticides dans L’eau au Québec: Portrait et Tendances dans
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The authors (Ann Lévesque, Charlène Kermagoret, Thomas Poder,
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Landsc. Ecol. 24 (3), 419–432.
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