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Abstract: Ecosystem-based agricultural practices that utilize ecosystem processes aim to either reduce
the negative externalities of agricultural production or increase the production of ecosystem services
other than food provision. We examined consumer interest in buying and paying for food produced
using ecosystem-based agricultural practices. According to the results, the most preferred practices
were the more efficient use of livestock manure, the use of nitrogen-fixing crops, biological pest
control, and the addition of soil carbon. Having these practices as an attribute of a food product
increased the interest in buying the product for 43% of consumers. Their median willingness to pay
(WTP) was 20% higher than for conventional products. Using socioeconomic and attitudinal variables,
a hurdle model revealed the characteristics of a consumer segment interested in ecosystem-based
agricultural practices.

Keywords: ecosystem services; contingent behavior methods; contingent valuation; consumer
characteristics; organic production

1. Introduction

Two options to enhance agriculture that take into account the wide range of ecosystem
services beyond just food are (1) the design of agri-environmental policies [1] (2) to leave the
responsibility for the supply of these ecosystem services to the markets, where consumer
choices reveal the demand for these services to producers [2]. These two options can also
complement each other; part of the environmental concern is passed to producers via policy
and part of it is passed through the demand for credence goods, such as organic foods. In
this study, we focused on the possibilities of the latter option and analyzed the demand
among Finnish consumers for cultivation practices that enhance ecosystem functions and
reduce the negative externalities from agriculture.

The externalities of agricultural production affect the state of agricultural ecosystems
and other ecosystems, such as water bodies, that, depending on their state, provide ecosys-
tem services for humans [3,4]. Agricultural intensification may also lead to reductions in
biodiversity and, consequently, negatively affect pollination by insects or biological pest
control [5,6]. Enhancing ecosystem functions with ecosystem-based agricultural practices
could solve some of these externalities, increase the supply of ecosystem services, and ben-
efit crop production, for example by allowing a reduction in the use of synthetic fertilizers
and pesticides [7].

Understanding consumer preferences for agricultural practices is important because
they can provide possibilities to apply market-based approaches to solve the environmental
challenges of production. Information on consumer preferences could influence agricultural
practices directly or the ensemble of practices included in organic production [8,9].

In this study, we were interested in the consumer demand for agricultural practices
that either reduce the external costs of agricultural production or increase the production
of other ecosystem services than food. We went beyond the organic production label
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to consider actual agricultural practices. The practices we were interested in rely on
enhancing ecosystem functions in crop production. We defined the characteristics for the
consumer segments interested in each practice. Furthermore, we measured consumer
willingness to purchase food products produced with these practices and willingness to
pay for these products.

2. Previous Literature

It is generally foreseen that future growth in population and consumption, but also
the rising role of bioenergy crops, will increase the global demand for agricultural products
over the next decade [10]. Future production increases will have to come to a large extent
from intensifying agriculture on existing agricultural lands [11]. The intensification is likely
to cause reductions in biodiversity and a negative impact on natural resources on long run
such as undesirable effects on pollination or biological pest control [12]. Understanding
the dependences in the complex agricultural food systems is a necessity for the design of
sustainable alternatives [13]. For example, to maintain functioning agricultural production
systems, apt soil management measures are required to prevent soil degradation that could
harm future agricultural production [10].

There are several terms and frameworks in literature to structure the discussion of
the challenges of and solutions for producing more food at the same time as protecting
natural resource base and environment. The concept of sustainable intensification (SI)
recognizes the need for a productive and remunerative agriculture that also preserves and
enhances ecosystem service provision [14-16]. SI for crop production has been discussed in
several reviews e.g., [17-21]. According to FAO [22], SI in crop production can be achieved
through good farming practices where farmers utilize knowledge of biological processes
and manage ecosystems to improve productivity and sustainability of production systems.
These ecosystem-based practices, refined on a local level, aim at meeting consumer needs
for products that are of high quality, safe and produced in responsible way. Examples of
ecosystem-based practices include conservation agriculture relying on the natural biological
processes above and below the ground e.g., minimum mechanical soil disturbance and
direct seeding, permanent organic soil cover, diversified crop rotations, crop-livestock
systems, integrated pest management, integrated plant nutrient management, agricultural
water management and pollination management.

From the point of view of consumer studies these ecosystem-based practices can be
seen to produce credence goods. Credence goods [23] are most often private goods that
sometimes have public good characteristics [24]. According to previous studies, consumers
care about credence attributes with regards to environmental reasons as a primary driver of
food purchase decisions [25-28]. However, in the previous literature, agricultural practices
that enhance ecosystem functions by increasing ecosystem services and reducing negative
externalities have seldom been used as a quality argument for credence goods as such.
Typically, these characteristics are hidden behind labels, such as organic production.

Organic food has gained popularity and experienced steady growth over recent
decades [29]. Organic crop production has clear criteria, but the combination of agricultural
practices behind organic production has seldom been opened up in consumer studies. There
has been criticism towards the content of organic production from the environmental point
of view, as the environmental impacts per unit of production have been higher in organic
than in conventional production [30-32]. As it is expensive for producers to follow all
the criteria of organic production, it has been suggested that the agricultural practices of
organic production could be selectively implemented and the products promoted as grown
using ecological practices rather than being certified as organic [33].

Previous studies have demonstrated that if the demand for individual agricultural
practices is examined separately, they are valued differently compared to the combination
of practices labeled as organic [34]. For example, ‘organic’ production is more far-reaching
than the pesticide-free attribute, since, among other restrictions, no synthetic pesticides
can be used in organic production. However, the organic attribute has been found to be
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less significant in the buying decision [34]. Previous literature on organic production has
defined a segment of consumers that is interested in purchasing as well as a segment that
is willing to pay for organic goods. The demand for organic foods has been examined and
summarized in a meta-analysis of 33 studies [35] focusing on willingness to pay (WTP) for
the organic attribute of a good. The analysis revealed that WTP is below 20% for half of
consumers but female gender and household size are positively related to the demand for
organic goods. The association with age has been described as an inverse U-shape.

The separate agricultural practices comprising organic production or environmentally
friendly production have been tested from the viewpoint of consumer preferences in a
small number of studies [26,33,36-39]. Typically, such studies have only focused on a single
practice, which in most cases has been that related to pest management.

Khachatryan and Rihn [38] demonstrated that the plant type under cultivation in-
fluences the perceived importance of agricultural practices regarding pollination. For
food crop plants, the practice ‘grown without pesticides” was perceived as the best one
for pollinator health, whereas the practice ‘grown outside’ was ranked the highest for
landscape plants. The ‘grown using synthetic pesticides” practice was ranked the least
beneficial method by consumers, regardless of the plant type. Maples et al. [33] included
a wider selection of agricultural practices in their evaluation as credence attributes for
tomatoes. They found that consumers were willing to pay more for tomatoes grown using
less water, containing lower levels of pesticide residues, grown with organic fertilizers, or
transported over shorter distances to the final point of sale. Moser, Raffaelli and Thilmany-
McFadden [34] reviewed previous results concerning fruits and vegetables produced with
integrated pest management, showing that consumers who have previous knowledge of
this topic are willing to pay a premium of six percent or higher [36,40].

In the following, we focus on the consumer preferences for ecosystem-based crop
production practices. Our study questions are: (1) what are the practices that interest
consumers, (2) how many consumers are interested to buy food produced with these
practices and (3) how much they are willing to pay for it. Furthermore, (4) we are interested
to reveal those socio-demographic variables that significantly associate with willingness to
buy and pay for food produced with ecosystem-based practices.

Finnish consumers are well suited to examine these study questions as approximately
80% of the food consumed in Finland is also produced there. The share of domestic products
is especially high in grain products, as on a typical year, the national production covers the
consumption [41]. In addition, there is a need to develop organic production in Finland [42]
with a potential to increase the share of consumed organic products (€50/person compared
to €60/ person average in Europe [43] while the share of active users of organic foods was
32% [44]. Understanding consumers’ preferences towards different agricultural practices
facilitates developing an organic label and helps to improve the desirability of organic food.

3. Data and Methods
3.1. Applied Methods

To identify the consumer preferences for agricultural practices that reduce negative
externalities or produce more ecosystem services, we applied three methods (Figure 1).

First, we identified a selection of ecosystem-based agricultural practices that target
externalities and ecosystem service provision. These practices needed to be well known
and understandable for a layperson, and also feasible from the farmers’ point of view. The
nine selected practices were tested in stakeholder discussion with participants from the ad-
ministration and NGOs (N = 6). The practices were further tested in a pilot survey (N = 202)
and accepted for the final survey. In the final survey, we used the self-explicated approach
(SEA) to define preferences for these ecosystem-based agricultural practices. SEA refers to
a class of preference measurement approaches in which respondents directly evaluate the
desirability of each attribute level, as well as the importance of the attributes [45,46]. In our
case, the SEA consisted of one task where the respondents selected two to five attributes,
i.e., agricultural practices, that they would like to have implemented for a food product.
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With this approach, we avoided difficulty in ranking all the attributes and problems related
to rating, i.e., the typical phenomenon of finding all the attributes to be important.

Choice process in the survey

Survey method Statistical
method
SEA: b1 be o Logistic

preferences for

P2 P3P PS5 P6  P7
practices \‘\ /
A product

regression

CBM:

No buying Hurdle model:
. intention Step 1
intentions .
Same priceas  cheaper
CVM: conventional

= Even if more
willingness to expensive

pay

Step 2

Figure 1. The correspondence between survey methods, the respondent’s choice process and the
statistical methods.

Since the possibilities to buy food products that limit externalities from agriculture
and enhance ecosystem functions in Finland are restricted to organic products, purchasing
behavior could not be examined in actual markets. Therefore, we secondly focused on
consumers’ buying intentions, which can be examined with the contingent behavior method
(CBM). In the CBM, people are asked how they would behave in a particular new situation,
for example if food products that enhance ecosystem functions were available. The method
has earlier been used in the context of food purchasing. Previous examples of surveying
buying intentions have included products such as organic, ethnic, or genetically modified
food, agricultural genetic resources, and food labeling [47-50].

Third, the value of goods that are not available on the market can be examined with
stated preference methods, such as the contingent valuation method (CVM) or a choice
experiment [51]. Here, we selected the CVM, as for the number of attributes we included,
a choice experiment would have been demanding to implement. A choice experiment
was also impossible because of the respondent burden, as the survey already included an
agri-environmental policy-related choice experiment [48]. In the CVM, which is typically
applied in the environmental valuation of non-market goods, respondents are asked about
their willingness to pay (WTP) for a specific good or service. Common elicitation formats
include, for example, open ended question, payment card and single or double bounded
dichotomous choice [52]. The effect of various factors on WTP can also be modeled. Ap-
plications related to agricultural products are less common in the literature [53]. Recently,
however, the contingent valuation method has been more frequently used to measure con-
sumer preferences for new products [54] and to determine the factors influencing the WTP
for food products [50,55]. A discrepancy between hypothetical and actual payments, i.e.,
the hypothetical bias, is possible in WTP. The premiums elicited in an actual buying context
have been found to be significantly lower than hypothetical premiums [56]. However, in
the case of a new product that does not exist on the market, the hypothetical setting is the
only feasible option to examine the demand. Beyond the average willingness to pay for a
product, it is important to identify the consumer segments that are interested in the prod-
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uct and to define how different variables, such as consumer attitudes or socio-economic
characteristics, influence the willingness to pay.

3.2. Data Collection

Survey data on ecosystem services from agricultural environments were collected us-
ing an Internet survey during the spring of 2016. The sample was drawn from the Internet
panel of a private survey company, Taloustutkimus, which comprised 30,000 respondents
who had been recruited to the panel using random sampling to represent the popula-
tion [57]. After a pilot survey of 202 people, a random sample of 8391 respondents was
selected, of whom 2066 completed the survey. This corresponds to a response rate of 25%.
Based on the socio-demographic variables, the sample represented the Finnish population
rather well.

3.3. Survey Questions

The survey first introduced the respondents to some basic facts concerning agriculture
and related environmental issues. After questions concerning the perceived importance
of ecosystem services and perceptions concerning the possibilities to provide them with
agri-environmental policies, the survey contained a set of questions about using ecosystem
processes to reduce externalities and enhance ecosystem services. The presented agricul-
tural practices (9) were targeted at the following externalities and ecosystem services: soil
fertility, pest and weed control, clean water/water purification, climate regulation, and
maintaining natural diversity. The items included in the list are presented in Table 1. Three
of these practices are required in the current conditions for organic production. Four of the
practices are not required in organic production, but two of these are regularly applied and
two occasionally in the present cultivation practices for organic production.

The next part of the survey focused on taking ecosystem functions into account in
agricultural practices. First, respondents were presented with the following information:
“There are several alternative ways to produce food. One of these alternatives is to enhance
nature’s own functions on fields to reduce the environmental effects of agriculture. En-
hancing natural functions could provide benefits, for example, by allowing a reduction in
synthetic fertilization and the use of pesticides.” The respondents were then presented a
list of agricultural practices of this kind in food production (Table 1).

Respondents were asked to select from two to five agricultural practices they would
like to see implemented in food production (Figure 1). Thus, the selected practices defined
the characteristics of food production in the CB and CV questions. In the CB question,
the selected agricultural practices were defined as follows: “If the agricultural practices
were used in food production as certified and this type of food was available, I would buy
it: (a) only if it was cheaper than conventional food; (b) if the price was same as that of
conventional food; (c) even if it was more expensive than conventional food; or (d) I would
not choose this type of food.”

Contingent valuation was implemented to include both positive and negative direc-
tions and a payment card approach was used as an elicitation format. If alternative A was
chosen in the CB question, a respondent was asked how much cheaper this type of food
should be compared to conventional food so that the respondent would buy it. The scale
ranged from 10% to 70%, with 10% increments, also including the “I don’t know” response.
If alternative C was chosen, the respondent was asked how much more expensive this type
of food could be at maximum compared to conventional food. Again, the scale ranged
from 10% to 70%, with 10% increments, and the “I don’t know” response was included.
Percentages were used instead of euros as the product type was not specified.

After the CV questions, respondents were asked to provide background information.
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Table 1. The agricultural practices from which respondents were asked to select two to five options
they would prefer to be implemented in food production.

Relation to Organic

Agricultural Practices in the Survey Variable Production

More efficient use of livestock
manure instead of synthetic fertilizers Livestock manure In present conditions
in order to maintain land fertility

Use of nitrogen-fixing crops, such as
clover and peas, as a complement to Nitrogen-fixers In present conditions
synthetic fertilization

Cultivation of mixtures of cereal
crops to reduce the risk of pests and

diseases and achieve a higher Mixtures of cereal Used regularly
crop yield
Use of ground preparation to reduce Less herbicides Used regularly

the use of herbicides

Use of biological control (e.g., insects,
birds) for pests instead of Bio-control Used regularly
chemical control

Sowing without ploughing (direct
sowing) to reduce nutrient emissions Direct sowing Used occasionally
and maintain soil fertility

Site-adapted use of fertilizers to

enhance the protection of waters Adapt fertilizer Used regularly
Addition of plant-based
(carbon-containing) material to soil to Soil carbon add Used occasionally
mitigate climate change
Uncultivated diversity strips on the
edges of the fields to diversify natural Diversity strips In present conditions

habitats (plants, birds, insects,
small mammals)

3.4. Statistical Analyses

We assumed that consumers have preferences for agricultural practices. These prac-
tices can be expected to increase consumer interest in buying the product and also increased
the WTP for it. We assumed that consumers simultaneously make the buying decision and
the willingness to pay decision for the product that complies with their preferred agricul-
tural practices. We also assumed that the socioeconomic background, such as income, and
attitudes of consumers influence their preferences for practices, as well as their willingness
to buy and WTP. Furthermore, we analyzed whether the choice of agricultural practices is
associated with interest in buying and WTP.

After descriptive analysis of the three dependent variables, statistical models were
constructed. The modelling approach is presented in Figure 1. The selection of agricultural
practices was explained with a logistic regression model. The responses for practices were
classified as “Yes” for a person if any of the choices (2 to 5 choices) included the specific
agricultural practice. Otherwise, the response was defined as “No”. This logic was applied
to each of the nine agricultural practices. Each practice response was modeled separately.
We used 10-fold cross-validation to find the predictor set with the best prediction accuracy.
For each model, we calculated prediction accuracies for each predictor combination. When
the predictor set with the maximum accuracy was identified, the model was fitted using
this final predictor set for the whole data.

The purchase decision and the WTP decision were modeled with a two-tier hurdle
model [58]. As a first step (Hurdle 1), the overall willingness to buy measured with the
CB question was modeled, and as a second step (Hurdle 2), the willingness to pay derived
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from the CV question was modeled. For Hurdle 1, the response was classified as “Yes” if
a person was interested in buying food “even with a higher price” in the chosen basket
consisting of 2-5 agricultural practices. Otherwise, the response was defined as “No”. We
applied a logistic regression model to the whole set of potential predictors in Hurdle 1. In
interval regression of Hurdle 2, we applied a parametric survival model of the form T ~ g7
+ o¢, where € ~ N (0,1) and o denotes the scale. T takes values of (0, 00), and its distribution
is specified by a cumulative distribution function (in our case normal). The best set of
predictors was found by separately maximizing the prediction accuracy for Hurdle 1 and
Hurdle 2. Descriptive information on the predictors is presented in Table 2.

Table 2. Independent variables in the models.

Variable Distribution (Categoricals)

Importance: biodiversity 0.49
(ref. average or low) ’

Importance: landscape 0.37
Importance: climate 0.49
Importance: waters 0.68
Education (ref. elementary) 0.09
Vocational 0.22
High school 0.10
College 0.20
University (applied sciences) 0.11
University 0.27
Farmer 0.02
Farmland owner 0.15
Gender female (ref. male) 0.45
Age <34 years 0.13
Lives in rural area 0.25
East or north Finland 0.23
Nature conservationist 0.11
Monthly income: no income (ref. no income) 0.03
under €500 0.02
€500-999 0.07
€1000-1499 0.10
€1500-1999 0.13
€2000-2999 0.28
€3000-3999 0.19
€4000—4999 0.08
€5000-6999 0.06
over €7000 0.02

First, the hurdle model was fitted as a general model without adding information on
the selected agricultural practices. Second, each practice was modeled separately with its
own two-tier hurdle model. A model was separately fitted for each practice by adding a
dummy variable (1) if a specific ecosystem service was chosen as a predictor (0 otherwise).
In total, 9 models were fitted for the hurdle model.

4. Results

The descriptive results from the data indicate the preferences for various agricultural
practices to enhance ecosystem services and reduce negative externalities. Table 3 presents
the most frequently selected practices. These were related to the more efficient use of
livestock manure instead of synthetic fertilizers, the use of nitrogen-fixing plants, the
addition of soil carbon, and biological pest control (see Table 1 for detailed practices). The
most preferred practices were thus associated with many ecosystem services, including
water quality control, biodiversity, and climate regulation. No single ecosystem service
had a dominant status among the preferred practices of the respondents.
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Table 3. Proportion of respondents who selected each agricultural practice.

Variable % of Sample
Soil carbon add 58
Livestock manure 57
Nitrogen fixers 55
Bio-control 50
Diversity strips 42
Less herbicides 33
Direct sowing 24
Adapt fertilizer 24
Mixture of cereals 17

Table 4 reveals the willingness to buy and pay figures for a product in which the
agricultural practices enhance natural functions on fields to reduce the environmental
effects of agriculture. Altogether, 43% of the respondents were interested in buying the
product, even if it was more expensive than a conventional product. According to the WTP
distribution, the median WTP was 20% higher than for conventional food. Bids of over
40% were made by less than one-tenth of all the respondents.

Table 4. Willingness to buy and pay for a product produced with selected agricultural practices.

Proportion of Respondents, %

Willingness to buy
Only if cheaper 2
If the same price 54
Even if more expensive 43

Willingness to pay more

10% 34
20% 43
30% 16
40% 2
50% 2
60% 1
70% 1
80% 0
90% 0
100% 1

The logistic regression models for selecting each agricultural practice are presented
in Table 5. The environmental attitudes show consistency in how various practices are
associated with attitudes towards the externalities of agriculture: biodiversity, landscape,
climate regulation, and water quality. Agricultural practices that were selected by those
who perceived biodiversity as an important target were nitrogen fixers, using mechanical
management instead of herbicides, biological pest control, direct sowing, and diversity
strips. Landscape targets were associated with a preference for the application of livestock
manure. This is understandable, as seeing livestock in the landscape has been one of
the most important landscape attributes in previous studies [59]. The importance of
climate targets was associated with selection of the soil carbon amendment practice. Those
who considered water quality important also preferred biological pest control and the
site-adapted use of fertilizers.
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Table 5. Preference for agricultural practices (*** p < 0.01, ** p < 0.05, * p < 0.1).
. . Preparation, . . . i .
LI\I/‘[]:;:’;I( Nitrogen Fixers Mg::;gel:f LowerII:IISe:bicide Blol((z)grl‘c;‘l)ll’ est Direct Sowing UsSeltgfq;S:tIi)ltiiirs Addlg;g:i Soil Diversity Trips
Intercept 0.741 ** —0.202 * —1.755 ¥ —1.346 i 0.089 —1.599 ot 0.456 ** —1.952 i —0.757 ot
Importance: biodiversity 0.331 * 0.007 0.2580 ** 0.469 ok 0.267 o —0.384 ok 0.122 0.940 ok
Importance: landscape 0.515 e —0.086 —0.242 ** —0.229 * —0.065
Importance: climate 0.285 * 0.073 0.024 0.509 xxx
Importance: waters —0.125 —0422 = 0.442 ek 0.549 ok
Education (ref. elementary)
Vocational —0.261 —0.033 0.701 e —0.336 * 0.296 0.005 0.331
High school —0.370 * —0.028 0.635 ** —0.353 0.264 —0.002 0.373
College —0.297 0.111 0.410 —0.474 ek 0.150 0.107 0.458 *
University ~0.309 0.071 0.488 —0746 0.339 —0373 * 0.401
(applied sciences)
University —0.598 i 0.386 ** 0.447 * —0.657 i 0.231 0.291 0.264
Farmer —0.037 —0.728 * —0.436 0.789 **
Farmland owner —0.097 0.245 * 0.241 —0.195 0.252 —0.611 o
Gender female (ref. male) 0.028 0.143 0.215 ** 0.104 —0.244 **
Age < 34 years 0.849 ek 0.002 —0.327 w* —0.329 *
Lives in a rural area 0.031 0.464 i —0.291 * —0.231 ** 0.466 et —0.124
East or north Finland 0.275 ** —0.004 0.358 *EE —0.460 xEE 0.049 0.198 —-0.173
Nature conservationist 0.168 —0.265 0.141 0.469 o —0.476 *HE 0.163 0.522 xxx
Monthly income: (ref. no)
under €500 —0.413 0.532 —0.840 ** —0.394 0.725
500-999 0.009 —0.044 —0.392 0.160 0.480
€1000-1499 —0.273 —0.092 —0.786 ** 0.336 0.382
€1500-1999 —0.265 —0.537 —0.362 0.358 0.508
€2000-2999 —0.182 —0.207 —0.575 *>* 0.288 0.382
€3000-3999 —0.437 —0.079 —0.612 ** —0.119 0.423
€4000-4999 —-0.217 —0.337 —1.044 i 0.251 0.524
€5000-6999 —0.615 0.408 —0.803 ** 0.359 0.695 *
over €7000 —0.180 0.131 —0.748 * 0.521 1.032 **
No information rate 0.572 0.560 0.826 0.667 0.505 0.763 0.585 0.770 0.572
Cross-validation accuracy 0.592 0.590 0.826 0.673 0.610 0.764 0.605 0.771 0.627
LR test p-value <0.01 <0.01 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nagelkerke R? 0.045 0.033 0.032 0.047 0.077 0.042 0.047 0.044 0.083
Hosmer-Lemeshow GOF test >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 > 0.05
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The choices of farmers and farmland owners differed significantly from those of
the other respondents regarding certain practices. Farmers particularly supported the
addition of soil carbon, whereas farmland owners supported plants that contribute to
nitrogen fixation. Female and younger respondents especially preferred soil preparation to
avoid the use of herbicides. Residence in a rural area was associated with the agricultural
practices of cultivating nitrogen fixers and direct sowing. Regional differences were also
found, as respondents from the eastern and northern parts of Finland supported livestock
manure and the reduced use of herbicides. These preferences were associated with animal
husbandry in these areas. A small group of respondents belonging to nature conservation
organizations had some special characteristics in their preferences, as they supported
biological pest control and biodiversity strips, agricultural practices that are especially
related to biodiversity. The preference for biological pest control was stronger among those
with the lowest income level.

To summarize the results for interest in buying and WTP, we first present the hurdle
models without defining the chosen agricultural practices (Table 6). Second, we summarize
how the nine practices affected the two steps of the hurdle model (Table 7) if included
in the model one by one. The interest in buying a food product produced with the
selected practices was significantly and positively associated with environmental attitudes,
especially those towards biodiversity and water quality. From the socio-demographic
background variables, a university degree, being a farmer, living in the east or north of
Finland, and belonging to a nature conservation organization increased the interest in
buying. A higher WTP was only significantly associated with nature conservationists
and farmers.

Table 6. Hurdle model for the interest in buying and WTP with no agricultural practices included in
the model (*** p < 0.01, ** p < 0.05).

Step 1 Step 2
Logistic Regression Interval Regression
Constant —1.106 xEx 1.503 i
Importance of biodiversity 0.565 ok 0.053
Importance of water effects 0.334 il —0.024
Education
Vocational school 0.068 0.040
High school —0.026 0.206
College 0.113 —0.252
University (applied sciences) 0.431 o —-0.102
University 0.419 * 0.053
Farmer 0.631 i 0.945 i
East or north Finland 0.273 ** —0.070
Nature conservationist 0.696 wohx 0.443 wxE
Log (scale) 0.236
No information rate 0.561 0.430
Cross-validation accuracy 0.611 0.431
LR test p-value <0.01 <0.01
Concordance index 0.638
Nagelkerke R? 0.078
Hosmer-Lemeshow GOF test >0.05

Table 7 reveals those agricultural practices that, if included in the hurdle model,
increase the interest in buying and WTP. The effect on buying interest was highest for
biological pest control, but the use of livestock manure, nitrogen fixers, and diversity strips
also increased the interest in buying. WTP only significantly increased in the models for
nitrogen fixers and the site-adapted use of fertilizers.
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Table 7. Effects of agricultural practices in hurdle models if included one by one.

Step 1 Step 2
Logistic Regression Interval Regression
B Sig B Sig
Livestock 0.237 -
manure
Nitrogen fixers 0.213 ** 0.197 **
Bio-control 0.408 o
Adapt fertilizer 0.164 *
Diversity strips 0.240 **

(" p <0.01, % p < 0.05, * p < 0.1).

5. Discussion and Conclusions

The results of this study can be concluded as follows. Consumers are interested in
agricultural production practices that reduce negative externalities and increase the provi-
sion of ecosystem services. The respondents were especially interested in soil management
practices and practices improving biodiversity. The agricultural practices increased the
willingness to buy, as 43% of respondents were interested in buying the product if produced
by applying their selected practices, even if it was more expensive than conventional food
products, and the median WTP was 20% higher than for conventional food.

Compared to the majority of previous studies that have focused on organic production
practices as an entity, the strength of our analysis is that we allowed consumers to evaluate
the ecosystem based practices separately instead of clustering the practices together under
the organic label. Thus, our results are comparable to those few previous studies on
consumer preferences that have differentiated agricultural practices, and some similarities
were found. In a study by Maples et al. [33], soil-related practices, especially organic
fertilizers, were emphasized. In our case, from among the agricultural practices, the use of
nitrogen fixers especially increased the willingness to pay. Similarly to our results of high
preferences for biological pest control, Maples et al. [33] observed that products containing
lower levels of pesticide residues were preferred. In our results, the agricultural practice
that increased the buying intention the most was the use of biological pest control.

The WTP for foods produced with the favored agricultural practices was on the level
of the price premium for organic products if compared to previous international studies. In
the meta-analysis of Xia and Zeng [35], the WTP for the organic attribute of a food product
was around 20%. Compared to consumers’ interest in buying organic products in Finland,
the results here indicated slightly lower interest (luomu.fi). The median price premium of
20% was also lower than the actual price premium of organic grain products in Finland.
However, compared to the price premium of 6% for a single agricultural practice reported
in Moser, Raffaelli, and Thilmany-McFadden [34], the combination of two to five practices
that consumers selected had a higher price premium, as could be expected.

In our study, we aimed at expressing the agricultural practices in such a way that a
layperson could understand them. Nevertheless, with our survey-based method, we could
not be sure whether the respondents were familiar with all the practices we introduced or
guarantee that the respondents would be fully aware of the meaning and the impacts of
all the proposed agricultural practices. Awareness of the methods most probably relates
to the higher interest among nature conservationists and farmers in buying the products
and paying for them. This is in line with the finding of Govindasamy and Italia [36]
and Cranfield and Magnusson [40] that previous knowledge of the topic increases the
price premium.

We defined the characteristics of the segment of consumers interested in practices
enhancing ecosystem functioning. Having a high intention to buy was more easily profiled
than having a high willingness to pay. Unlike studies on organic production, we did
not find a positive relationship between a respondent’s female gender or age and buying
intentions [35]. In our case, a high level of education, residence in the east or north of
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Finland, and being a farmer or nature conservationist increased the demand. Furthermore,
positive attitudes toward ecosystem services and low externalities from agricultural lands
increased the demand. These results provide some information for producers to assist them
in finding the segment of interested consumers, as well as an opportunity to differentiate
their products from other products based on the production methods used. As no ready
label exists for these production methods, local markets that facilitate close communication
between consumers and producers are possible alternatives to reach interested consumers.

One possible weakness of our study was that mimicking the consumer decision
process in a survey was rather inflexible. In our approach, three decisions were made by
the consumers, one after another, concerning the choice of preferred practices, interest in
buying, and WTP. We assumed that the choice of the practices was made separately but, in
reality, all the three choices would most probably be made simultaneously. Integrating the
decision would, however, considerably complicate the statistical analysis. Therefore, in our
case only two of the decisions, buying and paying, were integrated in modelling, and the
choice of practices was analyzed separately.

As our focus went beyond the organic production label to actual agricultural practices,
our results are applicable in the development of organic production if there is interest
in revising the conditions of organic production. According to the results, three out of
the five agricultural practices most preferred by the consumers are currently part of the
requirements in organic production. However, the results demonstrated how organic
conditions may be extended to better correspond to consumer expectations: soil carbon
amendment, which is not part of the current requirements, was a practice that interested
consumers. In addition, the use of biological pest control was appealing to consumers, and
even though it is used in vegetable production, it could also have a stronger role in other
organic plant production.

From the agricultural practices regularly or occasionally used in organic production,
ground preparation reducing the use of herbicides and direct sowing are practices that
cause especially high expenses for farmers and thus partly limit their shift to organic
production. However, according to the results of this study, they may not be particularly
important to consumers. It would be very interesting in future research to focus on some
of the agricultural practices and compare in more detail the results for consumer demand
with information on the production costs for farmers.

These empirical results of consumer preferences for various production methods also
has importance for international processes of developing criteria for organic production,
although more empirical studies on consumer preferences are needed from other countries.
Following the approach of our study, but focusing on regionally relevant agricultural
practices, would widen the knowledge base of defining organic practices. Together with
information on the environmental effects of various production methods, this would lead
to more science-based development of the content of organic production.

The study generated ideas to continue research in the future. New empirical studies
from different regions and other management practices are needed. The focus of this
study was on plant production. However, revealing the preferences for environmentally
friendly animal production and measuring consumer interest in buying and willingness
to pay would be an interesting topic for future studies. Furthermore, more studies are
needed concerning consumers’ awareness of management practices. In a survey research
the assumption is that consumers can process very concise information on production
methods. Involving consumers more in depth in planning the management practices in
real life food production processes would reveal new aspects concerning their knowledge
and preferences.
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