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Abstract

In recent years, studies have identified the determining factors for participation in voluntary agri-
environmental measures (AEMSs) by farmers who support sustainable agricultural production
practices. Although the previous implementation of AEMSs is an important determinant of
sustainable behaviour, attempts to investigate the forces driving this long-term behaviour are
scarce. This study aims to provide empirical insights into which determinants of probability of
sustainable behaviour are associated with AEM participation by Slovenian farmers. Particular
attention is given to the drivers of farm and farmland use characteristics. The data used are taken
from the Farm Accountancy Data Network for the 2004-2010 period. Logit regressions for Markov
transition probability models and a long-term sustainable participation behaviour model are used
to explore the existence of distinct characteristics of AEM participation for different sub-periods.
The empirical results confirmed that different drivers are associated with sustainable behaviour
across time periods and farm types. Land productivity, capital intensity and farm size have
significant effects on the probability that a farmer will consistently participate in the AEM
programme for at least 5 year period. These findings suggest that farm-specific characteristics are
the primary drivers of sustainable behaviour associated with AEM participation.

Keywords: agri-environmental measures, sustainable participation behaviour, Markov transition
probability model, logit regression, Farm Accountancy Data Network (FADN) dataset, Slovenia.
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1. Introduction

Voluntary based agri-environment measures (AEMs) were developed in the Common Agricultural
Policy (CAP) of the European Union (EU) to provide incentives for environmental protection and
to ensure sustainable agricultural production practices. This policy initiative aims to change the
behaviour of farmers in ways consistent with environmental concerns in rural areas. The level of
participation in and success rates of this initiative vary between EU Member States, giving rise to
the question of whether AEMs are truly an effective policy instrument for the promotion of
consistent sustainable behaviour for the long-term period. To answer this question, a reliable
analysis of the policy’s implementation and its ability to foster sustainable behaviour through AEM
participation is essential.

Many studies have investigated the determining factors that result in participation in AEMs by
previously experienced farmers by reviewing how consistent those farmers were in their execution
of sustainable behaviours. Although having previous experience with AEMs is an important
determinant of sustainable behaviour, the results from past studies vary according to the region
studied and the type of measure being implemented. Wynn et al. (2001) found that being a farmer
with prior experience in AEMs (among conventional farmers) had a positive influence on the speed
of participation in other AEMs. A study conducted by Vanslembrouck et al. (2002) showed that
although previous experiences had a significant influence on whether farmers participated in the
“extensification of field margins” measure, prior experience did not explain participation in the
“plantation in yard” measure. The research by Defrancesco et al. (2008) showed that previous
experience in environmental farming practices was a significant determinant of farmers’
participation in additional AEMs in the same parcel. The literature also considers the fact that
being an early adopter of environmentally farming practices positively influences a farmer’s
likelihood to adopt additional AEMs (Unay Gailhard et al., 2015).

Engaging farmers in the consistent implementation of AEMs over time is a challenge for the
sustainable management of AEM contracts, particularly with regard to inspiring the required
changes in farmers’ behaviours. The entry of a farmer into an AEM agreement requires a
commitment to operate a particular parcel according to the rules for the applicable measures over

a specific time period (typically a minimum of five years). However, if the farmer is no longer



interested in maintaining the commitment made in the contract within that time period, he may

have the right to abandon the contract.

This paper focuses on Slovenia, where a decreasing trend in the number of farms enrolled in AEMs
was observed for the 2007-2014 period as their number decreased from 26,852 in 2007 to 15,906
in 2014 (MAFF, 2015). This suggests that it might be difficult to ensure consistent long-term
participation in the AEM programme, which is arranged through single contracts. AEM
programmes could consider this fact by ensuring consistent and sustainable timelines for AEM
schemes. In the meantime, sustained participation in the AEM programme remains of concern to
policymakers who aim to achieve consistency over the long-term. Consistent sustainable
behaviour might be influenced by the complexity of a farmer’s behavioural choices. This question
has not been investigated in the literature. This paper aims to fill that gap by contributing to a better
understanding of the drivers of sustainable behaviours performed by farmers through their
participation in the AEM programme. Particular attention is given to the drivers of farm and
farmland use characteristics and to the participation of farmers in other voluntary Rural

Development (RD) measures.

Arguably, the differences in sustainable AEM participation can be related to time, which one
would expect in turn to be influenced by AEM scheme design and implementation, programme
rules, and the goals of policymakers and farmers. These factors may affect the strategic behaviour
of farmers in relation to AEM implementation (Taylor and Grieken, 2015). Hence, rather than
investigate drivers of participation for a static time period, a dynamic analysis over time is
important to the understanding of sustainable behaviour. This paper explores the existence of
distinct dimensions within AEM participation by assuming that drivers may influence farmers'

behaviour differently at different times.

Based on previous studies, we define a sustainable behaviour as an individual action that has a
“long period of time” focus (Milfont and Gouveia, 2006; Rabinovich et al., 2010). We investigate
the role of drivers on AEM participation over three time periods: (i) AEM participation probability
for two consecutive years during the 2004-2010 period; (ii) AEM participation probability at the
end of the RDP period from 2003-2006 and just prior to the start of the new RDP period (2007-



2013); and (iii) sustainable AEM participation over at least five consecutive years in the 2004-
2010 period. In the first two time periods, represented by transition Markov probability models,
sustainable behaviour is investigated in terms of the probability of transitions between two AEM
participation statuses: AEM participation and non-participation. For the third time period, the
model aims to investigate farmers’ sustainable behaviour in terms of consistent and inconsistent

AEM implementation.

In this study, the features of sustainable behaviour are assumed to be specific to the type of farming
that is performed and should reflect different environmental goods and services (e.g., the behaviour
should prevent, reduce or eliminate pollution and any other form of environmental degradation)
that arise from the ecological functions of farms. Therefore, sustainable behaviour models are
investigated across farm types, with special focus given to field crops, dairy and other grazing

farms.

The rest of the paper is structured as follows: Section 2 introduces a review of theories of the
sustainable behaviours related to AEM participation. Section 3 describes the structure of the
Slovenian Agri-Environmental Programme (SAEP) and provides participation trends in the SEAP
according to year. Section 4 explains the dataset and methods. Section 5 describes three applied
models. Section 6 presents the econometric results of the sustainable behaviour models. Finally,
section 7 discusses the results, provides details for future research and concludes.

2. Previous literature on sustainable behaviours related to AEM participation

In reviewing the theoretical foundation for sustainable (pro-environmental) behaviour, one can
observe two main distinctions in literature. On the one hand, there are studies that model the
reasons for sustainable behaviour based on an explanation of values, attitudes, and intentions.
Some of these studies investigate the role of education (Zsoka et al., 2013; Cincera and Krajhanzl,
2013), institutional context (Velasco and Harder, 2014; Fudge and Peters, 2011), environmental
communication (Bremmers et al., 2009) and knowledge (Redman and Redman, 2013) in
sustainable practices. On the other hand, there are studies that focus on how to shift behaviours



towards more desired activities, such as helping an individual think in “long period of time” focus.
This second set of studies draws on behavioural models in sustainable consumption (Tanner and
Kast, 2003; Wang et al., 2014), sustainable use of natural resources (for water use, see Marinho et
al., 2014, for energy use, see Frederiks et al., 2015; Spence et al., 2014), sustainable practices in
the industry (for the land remediation industry, see Hou et al., 2014); in tourism, (see loppolo et
al., 2013; Font et al., 2015), or sustainable land management activities (for soil conservation
practices, see Ingram and Moris, 2007; Prager and Posthumus, 2010). In practice, both types of
studies aim to help identify initiatives that influence individuals to make profound behavioural

changes.

In studying sustainable participation in AEMs, there is an increasing body of research which
examines the influence factors in participation behaviour with different theoretical frameworks.
Theory of diffusion and adoption of innovation (Rogers, 1983) one of the primarily used theories
by Morris and Potter (1995) for analysis on United Kingdom AEM programmes. This study
utilised quasi-market incentives to encourage farmers adoption of innovations, where innovation
was defined as “an idea, practice, or object perceived as new” (Rogers, 2003, p.12). The
application of the theory in this context primarily answers the question of how new implemented
AEMs are adopted by farmers and highlights differences in the factors that influence adopters and
non-adopters (or early and late adopters). Arguments related to the knowledge and persuasion
stages of behavioural change have gained prominence by studies of Crabtree et al. (1998), Deffuant
et al. (2008) and Mathijs (2003) where they show the importance of social factors in the decision

making.

The social network approach is another widely applied theory to analyse the importance of socio-
informational networks of farmers (Deffuant et al., 2001; Barreiro-Hurle et al., 2010, Frondel et
al., 2012). These studies attempt to explain farmers’ decisions using the opinions of informal and
formal information sources, including extensions, farm advisory services and mass media. Skerratt
(1998) found that a farmer’s likelihood of participating is influenced in principle by other farmers.
In addition to the source of social networks, persuasiveness of the arguments provided by network
actors is important to AEM participation (Juntti and Potter, 2002). Frondel et al. (2012) found that

utilised information measures may affect AEM participation either positively or negatively;



however, such information allowed for a more informed selection of the programme. Recently,
results of Fleury et al. (2015) highlight that the intensity and quality of relationships between
farmers and other local and upper level stakeholders play a vital role in AEM participation.

Beedell and Rehman (2000), Grammatikopoulou et al. (2012) and Mettepenningen et al. (2013)
structure their analysis with the basis of the theory of planned behaviour, which developed from
the reasoned action theory (Fishbein and Ajzen, 1975; Ajzen and Fishbein, 2005). The theory
assumes that farmers' behavioural intentions are directly related to their attitudes and has allowed
researchers to gain insight into the perceptions on AEM participation. A flexible approach in the
AEM design, from which farmers could perceive the freedom to decide on contract terms and
payments (Mettepenningen et al., 2013) and farmers’ perception of the control and application
difficulty of the scheme (Wauters et al., 2010) are the highlighted results. Recently, Dijk et al.
(2015) demonstrated that in addition to attitude and perceived personal ability to implement
AEMs, factors such as social pressure, self-identity and facilitation by the European Commission

(EC) have a strong positive influence on the intention of farmers to participate in the programme.

Contract theory is another applied approach that is often used to investigate contractual
arrangements in the presence of asymmetric information (Moxey et al., 1999) and moral hazards
(Ozanne et al., 2001). The implementation of AEMs leads to the existence of asymmetric
information because implementation authorities do not have perfect information on the
technological profile, which creates an informational advantage for farmers and may lead them to
behave in such a way that they receive additional compensation. Furthermore, moral hazards arise
from the monitoring process, which cannot detect all farmers who fail to comply with measure
obligations. The findings of Polman and Slanger (2008) and Pascuci et al. (2013) identified the
need to view the AEM participation decision as a typical principal-agent relationship: the authority
that designs the contractual mechanisms (the principal) and the farmer (agent) who needs to

provide environmental public goods.

Studies such as those performed by Vanslembrouck et al. (2002), Dupraz (2003) and Espinosa-
Goded (2013) utilised micro-economic modelling theory that profit maximisation and utility

function applied in AEM participation behaviour. Vanslembrouck et al. (2002) found that besides



the technical aspects of the environmental benefits, participation will also be influenced by the
utility of the measure to the farmer himself. This is shown by the positive influence of previous
participation. The results of Espinosa-Goded et al. (2013) gives that there are two participation
barriers derived from the lack of know-how related to how to manage a new crop and contract

transaction costs associated with information transfer, processing and administrative work.

Overall, the literature suggests that sustainable participation in AEMs will appeal most strongly
to those farmers who are satisfactorily within the confirmation stage of the innovation diffusion as
relates to the results of implemented practices. As argued by Burton et al. (2008) and Burton and
Paragahawewa (2011), to ensure long-term behavioural change in environmental orientation,
AEMs need to allow farmers to display skills that are associated with producing environmental
goods and services. Conversely, non-sustainable participation in AEMs can be attractive
principally because of the less profound cost-benefit financial incentives. However, in this case,
the confirmation of the results of environmental friendly farming practices is not satisfactory from
either the perspective of economic costs (as specified in micro-economic modelling theory, e.g.,
farm productivity) or social costs (as specified in the social network approach, e.g., socialised
standards with networks and social relations). Differences in sustainable and non-sustainable
participation behaviours associated with AEM participation can be expected. Questions regarding
such differences must be extended beyond the long-term sustainable behaviour model. Bearing the
foregoing in mind, this study aims to contribute to filling this research gap in terms of the
probability of transitions between AEM participation and non-participation and between

sustainable and non-sustainable participation behaviour by focusing on AEMs in Slovenia.

3. Slovenian agri-environmental programme (SAEP) and participation in AEMs
3.1. The structure of the SAEP

The Slovenian AEM programme, commonly referred to as the SAEP, was first implemented in
2001 with 10 policy measures that were financed by the national budget2. In 2004, the consent of
the EU and a new legal framework, together with the experiences and insights gained from

previous implementations of the SAEP from 2001-2003, led to a newly designed programme that

2 The first measures supporting environmentally friendly farming methods were implemented in 1999. However,
implementation on a large scale began after the adoption of the SAEP in 2001.
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included 21 measures that were implemented under the 2004-2006 RDP (EC Regulation
1257/1999 and 817004). For the 2007-2013 RDP, which included 26 measures, Slovenia complied
with EC Regulation 1698/2005, which outlined support for Slovenian rural development and was
financed by the European Agricultural Fund for Rural Development (EAFRD). Although the
seven-year period ended in 2013, the EC agreed to extend the programme through 2014 to ensure
that there was no gap prior the start of the 2015-2020 RDP. The 2015 SAEP has been approved by
the EC (February 2015), and procedures for its implementation have begun at the local level.

The SAEP measures are divided into three groups. Group 1: Reduction of negative impacts of
agriculture on the environment, with sub-measures for the preservation of crop rotation, greening
of arable land, integrated production (crop, fruit, viticulture and horticulture) and organic farming?.
Group 2: Conservation of natural conditions, biodiversity, soil fertility and traditional cultural
landscapes, with sub-measures for mountain pastures, mowing steep slopes, humpy meadow
mowing, meadow orchards, steep vineyards, production of autochthonous and traditional
agricultural plant varieties, sustainable rearing of domestic animals, extensive grassland
maintenance, and preservation of extensive karst pastures. Group 3: Conservation of biodiversity
and specific countryside values, with sub-measures for animal husbandry in hotspots associated
with large carnivores, preservation of special grassland habitats, preservation of grassland habitats
of butterflies, preservation of litter meadows, conservation of bird habitats in humid extensive

meadows in Natura 2000 sites, and permanent green cover in water protection areas.

The RDP’s budget for AEMSs during the 2007-2013 period represents the largest share of public
spending in Europe, as well as in Slovenia. Based on the Slovenian mid-term evaluation, 50.89%
of the total EAFRDs were intended for Axis 2 (Mid-term evaluation, 2010). The payments for
arable land (mostly in Group 1) varied from 91 euros/hectare (ha) for the preservation of crop
rotation to 381 euros/ha for integrated viticulture or wine production. The maximum payment rose
to up to 578 euros/ha for organic farming, and the payments made for that measure varied
according to the production technology used (e.g., produce on the field at 298 euros/ha,
horticulture from 487 to 551 euros/ha and orchards at 554 euros/ha) (MAFF, 2007).

3 In the 2015-2020 SAEP, organic farming differs from previous years. Unlike the previous programmes, it is no
longer implemented as in the payment context of AEM.



3.2. Participation in the SAEP

Participation in AEM payment scheme is voluntary for farmers, and the minimum duration of
contracts offered is five years. However, during the contract period, if a farmer is no longer
interested in maintaining their commitment, he or she may break the contract by rejecting support
for the future contract years and returning the grant money received for the implemented years.
AEM payments are made only for actions that go beyond the defined minimum requirements of
measures. This includes cross-compliance requirements and record-keeping (i.e., crop rotation
plans and records on work tasks). Farmers need to submit a single application for all measures and
enter their data following administrative procedures each year. Data entry includes the electronic
submission of information by farmers themselves or with the help of a farm adviser in farm
advisory services. The administrative procedures for participating in the AEM programme are

illustrated in Figure 1.

Application submission by internet

!

Verification of application (e.g. completeness, timeless)

v

| Administrative checks by AAMRD |

J|, Spot checks results

entered in specific
Evaluation of administrative and spot checks results

i ) . database by controllers
(e.g. sanctions and cross-compliance requirements) and transferred to

,L claim database

Record of decision by AAMRD

v

Booking and payment distribution

AAMRD: Agency of the Republicof Sloveniafor Agricultural Markets and Rural Development

Fig. 1.

Administrative procedure for participating in the Slovenian AEM programme: from data entry to
payment

Source: MAFF, 2015

During the 2007-2014 period, there was a decrease in the number of farms participating in AEMs.

However, this was partly due to structural changes in agriculture, which resulted in a decrease in
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the number of farms and an increase in the amount of rented land. According to the Slovenian
Farm Accountancy Data Network (FADN) dataset, the share of rented land as a % of the total
UAA increased from 33% in 2004 to 36% in 2010. This trend is especially significant for field
crop farms (from 27% to 55%) and dairy farms (from 37% to 43%).

A farmer’s participation level in the AEM programme is often measured by the size of utilised
agricultural area (UAA), which is the total area taken up by arable land, permanent pasture and
meadow, land used for permanent crops and Kitchen gardens. Data on the evolution and
development of the UAA enrolled in AEMs have to be taken with caution because farmers are
allowed to undertake a commitment for more than one AEM on the same parcel. Total area covered
by different types of AEMs does not equal the physical area under AEM commitments as the same
area can be counted multiple times if different AEM commitments are applied on the same land.
Figure 2 gives agricultural area (in ha) that participated in the AEM programme for the eleven
important measures identified for the 2004-2014 period. The consistency of farmers’ participation
in the same measures varies considerably across the years. The area under AEM decreased for
mountain pasture, mowing steep slopes, sustainable rearing of domestic animals and extensive
grassland maintenance, whereas the area under AEM increased slightly for integrated crop rotation
and organic farming. In 2004, the area enrolled in sustainable rearing of domestic animals was
approximately 107,000 ha, which decreased by 49% by 2014. A similar decrease is observed in
the majority of the SAEP, the sub-measures in Group 2 (e.g., mountain pastures and mowing steep
slopes), and the sub-measures in Group 1 (e.g., preservation of crop rotation and integrated wine

production).

10
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Fig. 2.Trends in agricultural area (in ha) enrolled in agri-environmental measures (2006-2014)
Source: author’s calculation from data provided by MAFF, 2015.

4. Data and Methods

4.1. Farm Accountancy Data Network (FADN) dataset

The data used throughout the analysis are taken from the Slovenian FADN. The aim of the FADN
IS to gather accountancy information from farms to determine the incomes of agricultural holdings
and perform business analyses. The FADN collects data on farms that exceed a certain country-
specific size threshold. This threshold value is defined in terms of economic size by the European
Size Unit (ESU). The ESU of an agricultural holding is measured as the total standard gross margin
(SGM) expressed in Euros (1 ESU represents 1,200 euro of SGM). In Slovenia, those farms which
exceed a certain economic size are defined as “commercial” and can fall under the observation of
FADN within the applied threshold of 4,000 euros (FADN, 2010).

Our analysis uses the FADN dataset for the 2004-2010 period. In 2010, 956 sample FADN farms
were used to represent 74,646 Slovenian farms (SORS, 2013). For the previous years we observe
the following trend in the FADN sample size: NJ4DN = 494, NJADN = 658, NISDN = 723,

NIADN = 747, NEADN = 821, and NF4RN = 856.
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To accomplish the study objectives, logit regressions for Markov transition probability models and
for a long-term sustainable participation model are used. FADN observations include unbalanced
panel data that farms can “enter” and “exit” into the FADN sample arbitrarily. However, the
dataset represents a unique and valuable source of information for the calculation of future
developments in the distribution of farms using the Markov transition probability approach
(Zimmermann and Heckelei, 2012; Piet, 2011) and in the analyses of factors influencing the
probability of a farm’s transition between defined states over time (Storm et al., 2011).

4.2. Methods

Markov transition probability models and logistic regressions are applied to analyse the complex
context of sustainable participation behaviour in AEMs. This approach is valuable because it

combines evidence from different years with various units of sampling from the FADN dataset.

Markov Process

Applications of Markov decision models can be found in different disciplines such as the
investment sector (Nair, 1995), service sector (Morales-Pinzdna et al., 2015), and sustainable
manufacturing sector (Sloan, 2011; Li and Sun, 2014). These models can also be used in the
agricultural sector to project a farm’s population structure (Zepeda, 1995; Fall et al., 2011), assess
decisions on farm management (Rahelizatovo and Gillespie, 1999) and model agricultural
production (Castellazzi et al., 2008; Dzotsi et al., 2015).

By analysing early studies that used Markov transition probability models in agricultural
economics, it is evident that a decision to continuously participate in AEMs may be considered a
Markov chain that is represented by a stochastic matrix (Cox and Miller, 1965; Puterman, 2005).
It is possible to represent most AEM participation decisions as a set of rules in which the practical
knowledge of AEM farming practices in a current year is determined by the experience gained

from the previous year’s practices. Therefore, this study aims to address the question of the

12



decision to change AEM participation by using a logistic regression on Markov chains for

sustainable participation modelling.

We model AEM participation as a continuous-time Markov chain. Continuous-time Markov
decision processes are widely applied in the modelling of practical situations that evolve
continuously over time with changes at specific intervals (Xianping and Hernandez-Lerma, 2009).
In continuous-time Markov decision processes, the decision maker is allowed to take actions
whenever the system state changes (Alagoz and Ayvaci, 2011). If the transition probability rates
are identical for each state, the decision maker’s behaviour can be assessed by an equivalent

discrete-time Markov decision process. A symbolic representation of the study model is shown in

Figure 3.
1-mf==1)
N /_\ n(s=1)
m(==0)
Fig. 3.

Continuous-time Markov decision process model for sustainable behaviours associated with
AEM participation

Note: Whereas S represents two AEM participation states, sustainable participation behaviour
models (m()) give the calculations on the probability of states of the farmer for the next time
period.

We consider a farmer with two potential states, S = {AEM participant, AEM non-participant}
where participants are denoted as 1 and non-participant are denoted as 0. We assume that both
states are valid in any situation, and one can observe that there are transition probabilities from a
state to itself in this model. The transition probabilities in the Markov chain depend on the practical
knowledge gained during the previous year’s AEM farming practices because the decision to
participate in AEMs may change in the current year. To observe sustainable participation
behaviour, we only model the FADN farms that chose to participate in the previous year (S, =

1). We denote this by

13



() = P(S;t1=51S¢=1) (1)

s € {0,1}, where S;,,is the current year’s AEM participation decision and S; is the positive

decision to participate in AEMs the previous year t.

The probability that a farmer will remain in that state or move to a non-participation state by the
next observation time t+1 is described by the probability transition matrix. To develop the
dependent binary variables of the two state transition probabilities for the Markov chain model,
we consider the parameters Py Py1 P1o, and P;; and the four transition probabilities 0 — 0; 0— 1;
1 — 0; and 1 — 1, respectively. To identify the effect of being in state 1 (S= {1} at time t on the
changes in transition probabilities, the parameters P;; and P, are estimated. Diagonal transition

probabilities for the FADN dataset are then calculated using two transition probabilities:

Py; = (1 — 1): sustainable participation behaviour in terms of the probability of transitions
between AEM participation (in the previous year) and AEM participation (in the current year).
P, = (1 - 0): non-sustainable participation behaviour in terms of probability of transitions

between AEM participation (in the previous year) to AEM non-participation (in the current year).
Logistic regressions

The study hypothesises that the various associations between transition probability rates are due
to differences in farm characteristics (farm size, farm types, family labour and off-farm income),
farmland use characteristics (farm inputs such as capital intensity measured as total assets per ha
of land, land productivity, and share of land use for agricultural production such as cereals and
forage crops), as well as participation behaviour of farmers to other voluntary RD measures. To
assess the effects of these factors, we estimate a logit model of the transition probability rates. A

logistic regression model for 75, has been formulated as follows:

eﬁo*'x By

LOgit (TI.'(S)) = —1+eﬁo+xﬁy(2)

14



where S, and B, are the parameters of the model that can have an impact on transition probability

rates over time. The general logit regression model is

Loglt (T[(s)) = ﬁo + lel + ﬁzXz + "'ByXy + ¢ ) t = 1, ,n(3)

where () is the dependent variable, 5, is the regression coefficient, X,, provides column vectors

for the independent variables and t is the years studied.

The literature demonstrates that farm type is a significant factor that influences decision making
behaviours related to participation in AEMs (Pascucci et al., 2013; Unay Gailhard and Bojnec,
2015). Our analysis of the Slovenian FADN dataset confirmed that there are differences in the
share of AEM participants (%) and average AEM subsidies received by farm type. Based on these
results, we explored eight farm types and the differences among determinants of sustained
participation in AEMs. Three sample farm types from FADN dataset were then pooled and
estimated using the Markov transition probability models. This selection resulted in two sample t-
test results for the AEM participation and AEM non-participation sub-samples. We found that
means between these two sub-samples were significantly different from each other for the four
farm type variables of “field crop”, “horticulture”, “dairy farm” and “other grazing livestock™ at
the level greater than 5% significance. Due to the low number of samples in the “horticulture”
category, we retained three farm types for the Markov transition probability logistic regression
models. FADN (2007) defines agricultural specialisation typology on the basis of the types of
farming. “Dairy farm” is a specialist in dairying, “other grazing livestock” farms include three
main categories: specialist cattle-rearing and fattening; specialist cattle-dairying, rearing and

fattening combined; sheep, goats and other grazing livestock.

5. Sustainable participation behaviour models

The study develops models to improve the understanding of sustainable participation behaviour.
Three logistic regression models of sustainable AEM participation behaviour are developed for
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the analysis of three different periods. Table 1 summarises the three models according to their

methods, study years, and the purpose of each model.

Table 1
The application of the three models to examine sustainable participation behaviour in AEMs
Method and study year Purpose

Model 1 Logit regression with  Markov’s To  estimate  Markov  transition
assumption:  Analyses of Markov probability rates in AEM participation
transition probability rates are conducted over the analysed years.
between the two consecutive Yyears
within the 2004-2010 period (t =2004,...,

2010).

Model 2 Logit regression with  Markov’s To  estimate  Markov transition
assumption:  Analyses of Markov probability rates for the two years (2006
transition probability rates are conducted and 2007) between the two RDPs, the
between the years 2006 and 2007 2003-2006 RDP period and the 2007-
(t =2006 and 2007). 2014 RDP period.

Model 3  Logit regression is examined for FADN To estimate consistent and inconsistent

farms that were surveyed continuously
for 5 or more years in the 2004-2010

AEM participation behaviour for the 5
year minimum period.

period.

The three different models contribute to better understanding the potential effects of the studied
explanatory factors on the level of AEMs adoption for the two different RDP periods, and the two
different sub-samples for the ending and the beginning years between the two RDP periods. More
specifically, these three models test whether farmers’ efforts towards sustainability with farm’s
AEMs adoption management differs regardless of the implemented AEMs in different RDP
periods. Compared to Model 1, which investigates year-to-year continuous AEMs adoption across
RDP periods, Model 2 investigates in more detail the factors of continuous AEM adoption
behaviour from the last year of the former RDP to the first implementation year of the new RDP.
Furthermore, as opposed to the former two models, Model 3 is applied to panel data to observe the
sustainable AEMs adoption behaviour of farms that have been continuously surveyed for 5 or more
years. Model 3 contributes results on this specific group of sustainable AEMs adoption behaviour

of farms across RDP periods.
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5.1. Markov transition probability model 1

Table 2 presents the characteristics of the Markov transition probability model 1 for the sample of
FADN farms.
Table 2

Markov transition probability model 1: sustainable behaviour in AEM participation, for two
consecutive years between 2004 and 2010.

t+1 AEM participation AEM non-participation Total

t (P11) (Plo)

AEM participation

Number (#) (%) Number (#) of (%)  Number (#)

of farm farm of farm
observations observations observations
All FADN samples 3,488 73.26 1,273 26.74 4,761
Farm types
Field crop farms 291  79.29 76 20.71 367
Horticulture 43 71.67 17 28.33 60
Viticulture 157  83.07 32 16.93 189
Other permanent crops 206  88.03 28 11.97 234
Dairy farms 967 60.48 632 39.52 1,599
Other grazing livestock 1,120  80.75 267 19.25 1,387
Granivores 29  49.15 30 50.85 59
Mixed 675 77.94 191 22.06 866

Source: Slovenian FADN dataset (2004-2010).
Note: % of farms in transition to (out of) AEM participation with respect to total number of farms by type
of farming.

For the average of all FADN sample sizes calculated over the 2004-2010 period, a relatively high
numbers of farms (73.26%) transitioned into AEM participation. Here, 26.74% of the farms
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undergoing transitions were observed transitioning to non-participation. There was a high share of

farms moving from AEM participation to AEM non-participation, particularly for the granivore
(50.85%), dairy (39.52%), horticulture (28.33%), and field crop (20.71%) farm types.

5.2. Markov transition probability model 2

Table 3 presents characteristics of the second Markov transition probability model for the sample

of FADN farms.

Table 3

Markov transition probability model 2: sustainable behaviour in AEM participation between the

years 2006 and 2007.

t+1=2007 AEM participation AEM non- Total
Pir) participation
t=2006 (Pro)
AEM participation
Number (#) (%)  Number (#) (%)  Number (#)
of farm of farm of farm
observations observations observations
All FADN samples 1,010 68.71 460 31.29 1,470
Farm types:
Field crop farms 96 67.61 46 32.39 142
Horticulture 14 77.78 4 22.22 18
Viticulture 43 76.79 13 23.21 56
Other permanent crops 68 90.67 7 9.33 75
Dairy farms 289 57.46 214 42.54 503
Other grazing livestock 311 77.17 92 22.83 403
Granivores 0 0 8 100 8
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Mixed 189 71.32 76 28.68 265

Source: Slovenian FADN dataset (2004-2010).
Note: % of farms in transition to (out of) AEM participation with respect to total number of farms by farm

type.

Here, 31.29% of the farms reported a transition from participants to non-participants in the first
year of the 2007-2014 RDP period. We observed a relatively high share of farms that switched
from AEM participation in 2006 to AEM non-participation in 2007 for dairy farms (42.54%) and
field crop farms (32.39%).

5.3. Long-term sustainable behaviour model 3

The similarity between the previously presented Markov transition probability models (model 1
and 2), and long-term sustainable behaviour model (model 3) is that both have analysed in
continuous time period. In these previous two models, the transition probability matrix is the m x
m matrix, where S at time t is a continuous time Markov transition probability process with m
discrete states. However, the third model differs from the two previous models in that m (number
of discrete states) is controlled by creating panel data from the unbalanced FADN dataset. To
observe sustainable behaviour over the long term, we first filtered out the farms that were not
continuously surveyed for 5 or more years. Second, we considered two distinct participation
attributes: one where farmers tended to act consistently and one where they acted inconsistently.
S = {consistent AEM participation behaviour, inconsistent AEM participation behaviour} and is
denoted as

S, = 1: sustainable behaviour in terms of consistent participation in AEM by farmers for the
minimum 5-year period.
S§1 = 0: non-sustainable participation in terms of inconsistent participation in AEM by farmers for

the minimum 5-year period. In this period, farms shift in and out of AEM participation.

This allowed us to use data sub-sample structures in our logistic models. We assumed that U,, was
the utility that farmers gained from consistent or inconsistent AEM participation. The utility of the

farmer from acting consistently or inconsistently depended on farm type and farmland use
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characteristics. We followed the following procedure for the entire FADN sample and all farm

types, which were used as control explanatory dummy variables:
Si =By + B X1+ B,X + -~-,8yXy +¢&, m=5(4)

where S; is the dependent variable and i is the number of observations of the dependent variable
(i=1,...,n). The study includes observations where m is greater than or equal to 5 years of
continuous reporting®. The choice of farms is S;= 1, if U,> 0. In this model, the unobserved error
term & is assumed to have a logistic distribution. We used Stata for the statistical analyses
(StataCorp, 2013).

In the long-term sustainable participation behaviour model, the FADN farm sample consisted of
603 observations (N=603) for the 2004-2010 period, where consistent AEM participants
represented 80% of the sample and inconsistent AEM participants made up the remainder (20%).
Table 4 presents data from the long-term sustainable participation behaviour model for FADN
farms with two-independent sub-sample t-test results. Means that were significantly different from
each other for percent woodland areas, percent forage crop, land productivity, capital intensity and
total RD payments are shown.

4 During the 2004-2010 period, a farm could have participated in AEMs that were implemented by two RDPs: the
2004-2006 RDP and the 2007-2014 RDP.
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Table 4.
Long-term sustainable participation behaviour model 3: consistent and inconsistent AEM
participation in the 2004-2010 period, two-independent sub-sample t-test results.

Consistent Inconsistent

AEM AEM

participation participation

(n=481, 80%) (=122, 20%)
Mean Mean p-value
Farm size (ha) 22.081 25.304 0.146
% of woodland areas 58.577 86.002 0.010**
% of cereals 12.704 14.708 0.371
% of forage crop 80.626 73.916 0.032**
% of rented land 39.930 37.465 0.390
Land productivity (euros/ha) 3707.904 2321.640 0.050**
Capital intensity (euros/ha) 21615.040 15661.690 0.000**
% of family labour 97.356 96.024 0.263
off-farm income (euros) 1732.436 8108.113 0.497
% of LFA measure participants 63.9 82.5 0.000**
% of other RD measure participants 0 12 0.000**

Description of variables:

Farm size: Total UAA in hectares (ha)

% of woodland areas: Share of woodland area per UAA of farm, unit: percentage

% of cereals: Share of cereals per UAA of farm, unit: percentage

% of forage crop: Share of forage crops per UAA of farm, unit: percentage

% of rented land: Share of rented areas per the total UAA of farm, unit: percentage

Land productivity: Total output to total land, unit: ratio (euros in 2005 prices/ha)

Capital intensity: Total assets to land unit: ratio (euros in 2005 prices/ha)

% of family labour: Share of unpaid family labour input (family work unit, FWU) to total labour input,

unit: percentage (annual work unit, AWU, 1 AWU corresponds to 1800 h of full time equivalent labour

per year.)

off-farm income: off-farm income in euros in 2005 prices

% of LFA measure participants: Share of Less Favoured Area (LFA) measure participants in the

current year, unit: percentage

Other RD measure participants: Share of participants in other RD measures for the current year, unit:

percentage. (These measures cover payments such as supports to help farmers adapt to standards, to

use farm advisory services, to improve the quality of agricultural products, training, afforestation and

ecological stability of forests.)
Source: Slovenian FADN (2004-2010) and Statistical Office of the Republic of Slovenia for price indices.
Note: All nominal aggregates have been deflated by statistical price indices to obtain their real values in
2005 prices over time. Total output in the land productivity ratio was deflated by the producer price index
for agricultural products. Total assets were deflated by the agricultural input price index for goods and
services contributing to agricultural investment. Off-farm income was deflated using the harmonised
consumer price index. The p-values are given with p>|t| test significance levels of ** p<.05 (Ha: diff 1=0;
Pr(t| > [t])).
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6. Econometric results

Table 5 presents the logit regression results for the Markov transition probability models (models
1 and 2 for field crop farms, dairy farms, and other grazing livestock farms) and the long-term
sustainable participation behaviour model (model 3 for the FADN dataset of all farm types as a

whole).
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Table 5.
Empirical results from the logit analysis related to sustainable participation behaviour in AEM

Markov transition probability model 1,
two consecutive years between 2004 and 2010

Markov transition probability model 2,
between 2006 and 2007

Long-term sustainable
behaviour model 3, at

least five consecutive
years from 2004-2010

Field Crops Dairy Farms Other Grazing Field crops Dairy Farms Other Grazing All FADN Farms
n= 367 n=1599 Livestock n= 142 n=503 Livestock n=542

n= 1387 n=403
Farm size 042%** 012** 037*** 071*** .020** 059*** .020*
(.014) (.004) (.008) (.026) (.009) (.019) (.011)
% of woodland areas -.000 .002*** .003*** -.002 .006*** .005%** .008***
(.002) (.000) (.000) (.003) (.001) (.001) (.002)
% of cereals -.012 -.018 -.030 -.024** -.073 -.044 -.078**
(.008) (.020) (.020) (.011) (.045) (.034) (.019)
% of forage crop -.017* -.042** -.027 -.015 -.073* -.041 -.092%**
(.009) (.018) (.019) (.014) (.038) (.031) (.021)
% of rented land -.011* -.000 .001 -.010 -.003 .001 -.002
(.006) (.003) (.003) (.009) (.006) (.006) (.007)
Land productivity 133 -.850*** - 573*** -.086 - 542%** -.301 -.659***
(.146) (.071) (.108) (.207) (.124) (.200) (.110)
Capital intensity 024 -.029** .000 .039 -.083*** -.037* -.093***
(.023) (.011) (.000) (.031) (.023) (.020) (.017)
% of family labour -.002 .018** .022 -.018 .019 -.006 -.018
(.013) (.008) (.014) (.031) (.0173) (.032) (.018)
Off-farm income A17* 103*** .058*** 112 .084** 041 .065*
(.065) (.016) (.019) (.140) (.030) (.033) (.029)
LFA measure participation 302 1.187*** .485* .258 1.608*** 1.133** 1.088**
(.325) (.186) (.253) (.491) (.428) (.490) (.388)
Other RD measure participation 484 1.125*** .682** .956 3.363*** 1.353*** -

(.677) (.349) (.203) (.864) (1.100) (.378)
Constant 1.584 3.452* 1.133 2.894 5.806 4.049 9.617**
(1.545) (2.001) (1.133) (2.894) (5.806) (4.049) (2.899)
Prob> chi? .000 .000 .000 .00 .00 .000 .00
Pseudo R? 103 211 117 171 248 192 332

Source: Slovenian FADN dataset (2004-2010).

Note: Standard errors for estimates are provided in brackets. The coefficient values are given with p>|z| test significance levels of “***p=<.0.001;** p=<0.05; *p=<0.1. In model 3, farm types were used as dummy variables, with horticulture, mixed,

other grazing livestock, field crop, and dairy farm types resulting in positive signs with 5% level of significance.
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6.1. Markov transition probability models (models 1 and 2)

Table 5, models 1 and 2, shows the results of the logit model estimations for the sustainable
participation model in terms of the probability of transition in the AEM participation status of
farmers. The explanatory power (adjusted R? is between 10.3% and 24.8%) of the logistic
regression models for the Markov transition probability models was relatively low (Table 5). This
is often found when panel data are used. Previous studies have indicated that it is common to have
a low adjusted R? for logistic regression models in unbalanced panel data, and interpreting this

statistic requires caution (Baltagi, 2013).

We observed that the Markov transition probability models (with respect to the period and sub-
period analysed) provide similar significant results for tested farm and farmland use variables in
dairy farms. Identical results for two dairy farm models could be explained by the consistent
influence of variables on sustainable participation behaviour regardless of time variations.
However, the estimations for the explanatory variables differed slightly among the field crop farms
and other grazing livestock farms in two different time period probability models. This difference
could be explained by two facts: (i) heterogeneity in the sustainable participation behaviour of
farmers in terms of a composition of diverse stochastic decisions under different time periods and
(i) changes in policies and AEMs that support environmental goods and services in these type of
farms between the programming period that in 2006 and the one that started in 2007, which led to

a change in AEM participation behaviour.

Field crop farms

In field crop farms, an increase in farm size increased the probability that a farmer would continue
as an AEM participant (P;; ) both for two consecutive years in the 2004-2010 period (model 1)
and during the 2006-2007 sub-period (model 2).

In addition to farm size, the probability that a farmer would continue as an AEM participant in the
2004-2010 period (model 1) was significantly influenced by the percent of forage crop area, share

of rented land and off-farm income.
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The negative signs in the estimates for the percent of forage crop area variable confirm that the
probability of a farmer remaining an AEM participant in the next year decreases with the
increasing share of area available for forage crops on farms. With respect to the share of rented
land, the probability of continuing to be an AEM participant decreased slightly for every 1%
increase in the share of rented land on farms. Farmers with higher off-farm incomes were found to
be significantly more likely to remain AEM participants in the next year period than were those

with lower off-farm incomes.

The probability that a farmer would remain an AEM participant between the two RDP periods
(model 2) was significantly influenced by the share of cereal areas in total farm UAA. Agricultural
land use variables (e.g., share of cereal and forage crop areas) were associated with negative signs
in both models 1 and 2; though the magnitude of these values varied between the models, they had
a consistent effect on sustainable behaviour in terms of the probability that a farmer would
transition from AEM participation to non-participation. In addition, the effect of farm size on
transition probability flows (P;; and P, ) was identical and positive for two consecutive years of
behaviour in the 2004-2010 period as well as between the two RDP periods (2006-2007).

Dairy farms

A similar picture was found for dairy farms with respect to the probability that a farmer would
continue as an AEM participant (P;; ) both for two consecutive years in the 2004-2010 period
(model 1) and in the 2006-2007 sub-period (model 2). Eight explanatory variables were
statistically significant, and each of them had a relationship with transition probability flows with

the expected sign ().

Farm size, share of woodland area, share of forage crop area, land productivity, capital intensity,
share of family labour, off-farm income and participation behaviour towards other RD payments
were found to be significant determinants in the two Markov transition probability models for
dairy farms. The estimates of farm size had the expected positive relationship, confirming that the
largest dairy farms were significantly more likely to stay on as AEM participants (P;; ) in the next

year. The probability that a farm would continue on as an AEM participant decreased as the share
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of woodland area increased. With respect to the share of forage crop area, similar to field crop
farms results, farms with a higher share of forage crop areas were found to be significantly less
likely to remain AEM participants for the next year than the farms with the lower share of forage
crop areas. Both land productivity and capital intensity were found to be significant negative
determinants of farmers’ sustainable participation behaviour in terms of transition probability
flow. This means that dairy farms with lower values of land productivity and capital intensity were
more likely to end their participation in the AEM programme (P;, ) and display behavioural
change in AEM participation. The estimates of labour characteristics (off-farm income and share
of family labour) were positive correlated with participation regardless of time variations. An
increase in off-farm income and a high share of family labour positively influenced the probability
that a dairy farmer would continue as an AEM participant(P;; ). The FADN dataset shows that
the majority of dairy farm management in Slovenia is handled through family labour
(approximately 97%). These results can be explained by the increasing role of employment by
family members in dairy farms. As a result, the decision-making related to AEM participation is
affected by a more long-term perspective when the family farm manager, who is often the head of
the family farm, shares both the family farm business requirements and responsibility with family
members. Among the other RD payment participation variables, both tested variables of
participation to less favoured area (LFA) and other RD payments are found to be significant
positive determinants of the probability that a farm will remain enrolled in the AEM programme

in the following year.

Other grazing livestock farms

In other grazing livestock farms, farm size, share of woodland area, and participation behaviour
related to other RD payments were found to be significant determinants of the probability that a
farmer would continue as an AEM participant (P;; ) both for two consecutive years in the 2004-
2010 period (model 1) and during the 2006-2007 sub-period (model 2).

Land productivity and off-farm income were found to be significant determinants only for two
consecutive years in the 2004-2010 period (model 1). The estimates of land productivity were

negative, which confirmed that a decrease in farm productivity has a significant impact on the
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probability that a farmer will transition from an AEM participant to a non-participant (P;, ) during
two consecutive years in the 2004-2010 period. However, we did not observe a similar significant
effect for the sub-period between the years 2006 and 2007. Between 2004 and 2010, a higher
share of off-farm income farms resulted in a higher probability that farmers would continue to be
AEM nparticipants in the following year. However, off-farm income did not have a significant
impact on the participation in AEMs for the years between 2006 and 2007.

6.2. Long-term sustainable participation behaviour model (model 3)

In Table 5, model 3 reports the results of the logit model estimation of the sustainable participation
model in terms of consistent and inconsistent AEM participants. The long-term sustainable
behaviour model has higher explanatory power (adjusted R? is 33.2%) relative to the Markov
transition probability models (Table 5).

In the long-term sustainable participation behaviour model, all FADN farm type divisions are used
as dummy variables. These variables include: field crops, horticulture, viticulture, other permanent
crops, dairy, other grazing livestock, granivores, and mixed farms. Granivore farms were taken as
a reference group. Positive correlations with at least a 5% significance level were found for the
majority of farm type dummies, except for viticulture and permanent crops. Of the thirteen
statistically significant variables, horticulture, mixed, other grazing livestock, field crops, and
dairy farms had the highest regression coefficient values (between 2.975 and 3.834, in that order).
Furthermore, the long-term sustainable participation behaviour model results for the entire FADN
farm sample revealed similar correlations to the Markov transition probability models. These
results confirm that it is substantially appropriate to estimate the determinants of transition
probability flows in AEM participation by farm type.

The central finding in this analysis was that the probability of being a consistent AEM participant
(for at least 5 years) significantly increased with farm size, percent of woodland area and past
participation in LFA measures. In contrast, the variables that decreased the probability of a farmer
being a consistent AEM participant were land productivity, capital intensity, the share of family

labour, the share of farm dedicated to cereals and forage crop area. Therefore, we conclude that
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not only farm type itself but also the internal assessment process of each farm type as associated
with financial performance and its agricultural production scheme matter to the sustained,

consistent participation of farmers in the AEM programme in the long-term.

7. Discussion and conclusion
7.1. Discussion

This study identifies factors affecting sustainable participation behaviour in AEMs by Slovenian
farmers using the 2004—-2010 FADN farm level dataset. Particular attention is given to the role of
farm and farmland use characteristics in the decision making process. To derive patterns in
sustainable behaviour, time-varied transition probabilities are constructed at the country level
using a Markov chain framework. This approach allows us to combine the FADN dataset at
different temporal resolutions, including two consecutive years during the 2004-2010 period, as
well as the years 2006 and 2007. For the latter time period, the effect of change in the AEM
programme as a result of the newly implemented RDP is assessed. Markov transition probability
models are conducted for three farm types with the aim to generate a consistent picture of
sustainable participation behaviour for each farm type. Subsequently, a logit regression for the
long-term sustainable behaviour model is conducted to explore consistent and inconsistent AEM

participation over a period of 5 years or more.

Our study contributes to the existing literature on the determinants of AEM participation in two
ways: (i) by focusing on time-varied sustainable participation behaviour patterns among estimates
of transition probabilities for long-term behaviour change and (ii) by analysing farm type sub-

samples within our analysis.

Both Markov transition probability models show that there is a considerable difference in the
drivers that influence AEM participation for the three selected farm types: field crops, dairy farms
and other livestock farms. The main differences depend on the division of animal production (dairy
farms and other livestock farms) and crop production (dairy farms and other livestock farms). This
result is in line with the study of Thenail et al. (2009), who argue that AEM adoption had different
consequences on farmers’ landscape management practices by farm types. In addition to different
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economic incentives, differences in AEM adoption by farm types can be explained by both
different characteristics of farms by farm types and requirements for suitable AEM adoption. In
Slovenia, traditional extensive farms are mainly relatively small dairy farms and other grazing
livestock farms that traditionally use grassland in pasture. This farm type has generally applied for
AEM contracts that were typically concerned with sustainable rearing of domestic animals and
grassland management. For field crop farms, due to their higher level of intensification in land use,
AEM adoption has been less frequently applied in SAEP Group 1 measures, which aim to reduce
the negative impacts of agriculture on the environment by preserving crop rotation and similar

agri-environmental measures.

The long term sustainable participation behaviour regression model (Model 3), which uses a
balanced panel dataset for each of the three farm types, provides support for the estimation results
from the two Markov transition probability models. The results confirmed that farm size has a
significant impact on the probability that a farmer will either be a consistent AEM participant
(Model 3) or transition from AEM participation to non-AEM participation (Models 1 and 2) in the
three studied farm types. This means that larger farms appear to have a higher probability that they
will continue to participate in AEMs than smaller farms. The higher sustainable participation
behaviour of large farms suggests that in terms of AEM policy implementation, payment per ha

has certain advantages for larger farms.

The relationship between land productivity, capital intensity, and sustainable behaviours facilitated
by participation in the AEM programme results in more ambiguous results. These results vary with
farm type and time period. However, their decreasing effect on the sustainable participation
behaviour of farmers is confirmed. Their negative effects on AEM participation are similar to the
results obtained by Pascucci et al. (2013) in Italy. This study shows that high capital intensity
(measured as horsepower mechanisation per ha) decreases the participation behaviour in AEM. In
Slovenia, this is particularly true for dairy farms, where we observe that high land productivity and
high capital intensity (measured as total assets per ha of land) are associated with a lower
probability of sustainable participation behaviour for all studied time variations. This means that

land productivity and capital intensity result in unfavourable opportunity cost structures,
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negatively impacting a farmer’s willingness to continue participating in AEM(s), especially for

dairy farms.

While an econometric analysis revealed some variation between time periods, there were clearly
more similarities between the influence of off-farm income and participation behaviour related to
other RD measures on sustainable participation behaviour. An interest in securing the farm’s
income through AEM participation is supported by other studies that reveal the significance of off-
farm income to the decision making process (Wossink and Wenum, 2003; Jongeneel et al., 2008).
Our study confirmed these results by identifying a positive correlation between off-farm income
and the likelihood of consistent AEM participation in both Markov transition probability model 1
and the long-term sustainable participation behaviour model (model 3). This can be explained by
the fact that increasing farm family income from nonfarm sources make the economic welfare of
the farm family less dependent on net farm income, and therefore less dependent on profitable
farming practices, which allows a farm family to be flexible in its choice of farming practices. This
effect is even clearer when the participation of the three studied farm types during the two
consecutive years from 2004-2010 is assessed using Markov transition probability model 1.
However, during the year in which the RDP began to implement new AEMs, assessed using
Markov transition probability model 2, the positive effect of off-farm income on the likelihood of
continuity in AEM participation was observed only for dairy farms. The consistency of dairy farms
in AEM participation across time periods could partly be a consequence of stability of
requirements in the newly implemented AEMs. Throughout the literature, the role of off-farm
income in AEM participation varies depending on the farm’s scheme and the region studied. The
relationship between sustainable AEM participation behaviour and off-farm income among
Slovenian dairy farms proves to be less ambiguous because a high share of off-farm income is

typically associated with a higher probability of sustainable participation behaviour.

Econometric results show that participation in other RD measures payments that help farmers
adopt environmental standards does not have a significant influence on the probability that a
farmer will continue to implement AEMs for field crop farms. However, participation behaviour
related to other RD payments for dairy and other grazing livestock farms increases the probability

of sustainable behaviours associated with AEM participation. One might reasonably question
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whether the reliance on RD measures by grazing livestock farms is an effect of farm location on
meadows and pastures in hilly and mountainous areas rather than a failure of sustainable AEM
participation behaviour in other land use areas. In addition, RD subsidies can be important for
woodland areas and forestry, which has been argued in Italy (Marongiu et al., 2012).

Based on the FADN dataset, on average 48% of field crop farms and approximately 80% of dairy
and other livestock farms are entitled to receive LFA payments. The complex relationship between
farm location and AEM participation by different farm type provides further support for moving
away from a singular understanding of the sustainable participation behaviour of different farm
types. However, an important policy objective of the AEM programme is to keep farmers both in
favoured and less favoured rural locations within the programme. Within a socially sustainable
agriculture framework, this is one of the central objectives of agricultural policy in the EU (Potter
and Tilzey, 2007).

7.2. Conclusion

The study results provide information that could be useful to improve the consistency of AEM
participation. First, the results confirmed that targeting public funds related to types of farms and
thus farming practices by setting appropriate policy and eligibility criteria is important both for
increasing the probability that farmers continue to participate in the AEM programme in the

following year period and for increasing the consistency in participation behaviour over time.

Second, the findings suggest that, for policy implementation, it is important to accurately
distinguish farmland use characteristics to predict the consistency of AEM participation for various
farm types. Of these characteristics, share of woodland area does not appear to have a significant
influence on the probability that a farmer will continue to implement AEM farming practices on
field crop farms, while larger shares of woodland area in dairy and other grazing livestock farms
results in an increase in the probability that those farms will consistently implement AEMs. This
result confirmed the importance of RD subsidies in monitoring the economic situation of farm
forestry. AEMs are a policy tool used to cover a majority of the costs of managing woodland area

in dairy and livestock farms, which contributes to consistent AEM participation by farmers.
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Third, farm productivity and capital intensity are important barriers to consistent sustainable
implementation of AEMs. This is especially true for dairy and other grazing livestock farms. The
sub-measures designed to pay subsidies for a higher portion of the costs that support AEM
practices in dairy and other grazing livestock farms (e.g., sustainable rearing of domestic animals
and mountain pastures) could mitigate negative cost effects on a farm’s financial situation, which

may allow more consistent participation in the AEM programme.

The developed sustainable AEM adoption models can provide a basis for future work, the
econometric model could be extended to new explanatory variables that are not represented in the
FADN dataset. In addition to structural variables related to farm and farmland use characteristics,
the model could consider the process of management, e.g., information management on the
environmental benefits of AEM practices; and systems to define, visualise, and measure the
consequences of AEM participation using a feedback mechanism. Because an investigation into
how to motivate farmers’ sustainable participation in AEM programmes is still in the early phases,
research on other countries is needed to understand the drivers of sustainable participation
behaviour in voluntary agri-environmental programmes. In addition to investigating the drivers of
AEM participation within a static timeframe, a dynamic time period analysis should be considered
for future research to provide a better understanding of the sustainable participation behaviour
associated with AEMs that are subject to changes at certain periods (e.g., between two RDPSs). The
Markov transition probability framework developed in this article has widened the scope of AEM

participation analysis and provides new directions for sustainable participation behaviour research.
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