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Abstract

Concentration on elite breeding lines has endangered a number of traditional dairy breeds. Although
several of those breeds are known for superior functional traits such as robustness, they are increasingly
replaced by Holstein cows. A discrete choice experiment with 159 breeders revealed the determinants
of farmers’ willingness to join a stylized scheme to conserve endangered dairy breeds. Results of
a random parameter logit model showed that farmers favour short-term contracts and a bonus for a
collective cattle population increase. By contrast, farmers tend to reject schemes that ban slatted floors.
The majority of the respondents would be willing to join an entry-level scheme without financial support,
pointing to an important role of intrinsic motivation present in farmers, which seems to be particularly
pronounced for small breeds threatened by extinction. If it is the political will to offer such conservation
schemes, we recommend inclusion of a collective bonus. This finding is also supported by the results
of a latent class analysis. A collective bonus might change social norms regarding the conservation of
endangered breeds and provide impetus for increasing the overall population of a specific breed.
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1. Introduction

Animal genetic diversity is a unique and irreplaceable heritage. Globally, about 20 per cent
of all breeds or livestock populations are considered to be ‘at risk’’ and 9 per cent are
already extinct (The Food and Agriculture Organization of the United Nations [FAO] 2015).
Sustainability of livestock production systems and future food security require access to a
wide diversity of animal genetic resources (AnGRs). The Convention on Biological Diver-
sity defines sustainable use of AnGRs as ‘the use of components of biological diversity in a
way and at a rate that does not lead to the long-term decline of biological diversity, thereby
maintaining its potential to meet the needs and aspirations of present and future genera-
tions’ (Convention on Biological Diversity 1992). In environmental ethics, there is a debate
about whether values in nature should be anthropocentric (human-centred) or eco-centric
(non-human-centred). From an anthropocentric perspective, emphasis may be placed on
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preserving breeds with high milk yield performance. The eco-centric perspective, by con-
trast, emphasizes moral arguments for the conservation of genetic diversity that are not
solely related to human interests (Piccolo 2017; Kopnina et al. 2018).

The erosion of AnGRs may be a more significant challenge than the loss of crop varieties
(Rege and Gibson 2003). In milk production, the Holstein Friesian breed dominates, raising
questions about long-term effects of a genetic drift (Notter 1999). In Germany, 85 per cent
of the 3.8 million heads of dairy cattle belong to the German Holstein (black and red) breed
(BMEL 2022). Concentration on elite breeding lines has endangered a number of alternative
breeds although some of them are known for important superior traits such as their ability
to adapt to environmental or climate conditions. In the long run, those characteristics can
be of particular importance when considering agricultural challenges arising from climate
change (Tubiello et al. 2008; Hoffman 2010; Pilling and Hoffman 2011). Different livestock
species are also able to provide ecosystem services as a result of adaptation to a variety of
environments, production systems, societal needs, and cultural preferences (FAO 2015). In
some German federal states (Bundeslinder), conservation of endangered breeds is supported
by grants from the EU’s Rural Development Programme. These schemes differ in the type
of breed promoted, the payment rates on offer, and the animals’ age from which financial
support is provided. Although numerous conservation initiatives are in place, the Federal
Ministry of Food and Agriculture stated that there is still considerable need for optimization
in many areas (BMEL 2020).

Against this backdrop, the present paper aims to: (1) assess which factors affect farmers’
willingness to enrol their herds in a stylized endangered dairy breed (EDB) conservation
scheme; (2) elicit information on the farm-level cost of participation by estimating farmers’
willingness to accept (WTA) compensation for joining an EDB conservation programme; (3)
use the WTA estimates to derive supply curves for two alternative specifications of an EDB
conservation scheme; and (4) derive policy conclusions for the design of EDB conversation
programmes. To this end, we conducted a discrete choice experiment (DCE) with 159 breed-
ers throughout Germany, focusing on rare German cattle breeds such as Red Dual-Purpose
Cattle or Angler Cattle. The stylized EDB conservation scheme was designed to prevent
these farmers from abandoning their breeds. The aim of the scheme thus was to conserve
existing stocks rather than enticing farmers keeping high-yielding modern breeds into the
scheme.

Section 2 sets out hypotheses based on a review of the literature. Section 3 describes the
methodology and provides details of the survey. Section 4 presents and discusses the results,
followed by conclusions for the design of cost-effective EDB conservation programmes in
Section S.

2. Literature and hypotheses

The literature on valuation of genetic resources appears in diverse applications. Ahtiainen
and Pouta (2011) reviewed twenty-two studies on the valuation of plant and AnGRs in
agriculture. They concluded that future research should address the costs and benefits of
maintaining genetic diversity in Europe. The authors pointed out that AnGRs have received
considerable interest during recent years, but valuation studies from Europe are surprisingly
rare. Only two of the reviewed studies originated from Europe: one focusing on an endan-
gered horse breed in Italy (Cicia, D’Ercole, and Marino 2003) and the other on general
agrobiodiversity characteristics on Hungarian small-scale farms (Birol, Smale, and Gyovai
2006). Valuation studies associated with genetic resources of cattle are mainly focusing on
specific traits of breeds in Africa (e.g. Tano et al. 2003; Jabbar and Diedhiou 2003; Ouma,
Abdulai, and Drucker 2007; Zander and Drucker 2008; Martin-Collado et al. 2014).

The literature on the design of effective conservation programmes for endangered dairy
cattle breeds focuses on the opportunity costs of participation arising from lower produc-
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tivity of traditional breeds (Cicia, D’Ercole, and Marino 2003). In a cross-country study,
Gandini et al. (2012) investigated key elements that may affect local breed viability (mea-
sured as tendency to increase herd size) from farmers’ perspective. They found that collabo-
ration among farmers positively influenced on-farm breed viability. A study from France by
Lauvie et al. (2011) aimed at comparing different approaches to increasing populations of
rare breeds. They identified both synergies and trade-offs between conservation and farm
business development. The authors concluded that two complementary objectives, genetic
variability and short-term economic profitability, possibly lead to conflicting targets.

Wainwright et al. (2019) conducted a DCE with 176 bovine and ovine small-scale farmers
from Transylvania, Romania, to elicit their preferences for AnGR conservation agreements.
Key attributes were scheme structure, i.e. whether contracts would be concluded with indi-
vidual farmers or with their communities, provision of assistance and advisory support (yes
or no), and contract duration (5 or 10 years). They found that 89 per cent of the respondents
were generally willing to keep rare cattle and sheep breeds and 40 per cent of them already
did so at the time of the survey.

Varela and Kallas (2022) investigated the islanders’ preferences regarding husbandry con-
ditions and the general conservation of the Majorcan black pig (MBP). In their DCE, they
included three different husbandry specifications: (1) most of the time outdoors; (2) 50 per
cent outdoors and 50 per cent indoors, and (3) most of the time indoors. The indoor breed-
ing options received negative preference estimates, indicating that this type of management
reduced the respondents’ utility and that societal support existed for the base level, i.e. tra-
ditional outdoor extensive management of the MBP. In addition, the reduction in the risk of
extinction for the MBP resulted in higher welfare for Majorcan citizens. Respondents were
more willing to pay a tax for the preservation of the breed than to pay higher prices for
products derived from the animal. A latent class estimation revealed that respondents who
agreed on paying a tax were generally more concerned about the conservation status of the
MBP than other agroecosystem-related aspects.

In the following exposition, we derive hypotheses on the factors that may affect farmers’
willingness to participate in EDB conservation schemes. The analysis rests upon a review of
the literature on other (mostly environmental) conservation programmes.

2.1 Level of compensation

Bojkovski, Simci¢, and Kompan (2015) compared incentives for the conservation of local
breeds in 35 European countries and concluded that the current level of financial support
does not compensate for the loss of income due to lower productivity of traditional breeds.
We thus hypothesize that the level of compensation has, ceteris paribus, a positive effect on
farmers’ motivation to join an EDB conservation programme (H1).

2.2 Cost of participation

The feasibility of required husbandry conditions such as a ban of slatted floors, access to
free-range area, or pasture depends on farm-specific resource settings, and the cost will vary
from farm to farm. We thus expect a lower participation rate for farms that require costly
structural and managerial adjustments to qualify for an EDB conservation scheme (H2).
This is equivalent to saying that farmers who already meet required programme-specific
husbandry conditions are more likely to participate in a breed conservation programme.

2.3 Contract duration

Ruto and Garrod (2009) investigated farmers’ preferences for the design of agri-
environmental schemes (AES) and showed that long-term contracts require higher com-
pensation rates than shorter-term contracts. Preference for shorter-term contracts is
also in line with findings of Bougherara and Ducos (2006), Broch and Vedel (2012),
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Christensen et al. (2011), and Latacz-Lohmann and Breustedt (2019). Shorter contractual
obligations mean increased managerial flexibility for farmers in responding to changing
market conditions. This leads to the hypothesis that the longer the duration of an EDB
conservation contract, the less likely farmers will sign such a contract (H3).

2.4 Educational attainment and experience with EDB conservation schemes
or AES

Keeping and breeding endangered cattle breeds requires experience and knowledge of their
specific characteristics and needs. A farmer’s level of educational attainment has often been
shown to influence adoption decisions because it commonly correlates positively with spe-
cific knowledge about the technology to be adopted. Also, better educated farmers may be
more aware of the importance of a more diverse genetic pool. A farmer’s experience with
prior scheme participation can also affect decisions, but the findings in the literature are not
clear-cut. Massfeller et al. (2022) concluded that farmers’ participation in a result-based AES
was not associated with prior AES participation. By contrast, Reimer and Prokopky (2014)
found that experience with conservation programmes led to higher participation rates in
US conservation schemes. We thus hypothesize that farmers with a higher level of educa-
tional attainment and those participating in other conservation schemes are more likely to
participate in an EDB conservation programme (H4).

2.5 Farmer’s age

There seems to be consensus in the literature that participation in AES is negatively influ-
enced by a farmer’s age (Ruto and Garrod 2009; Gandini et al. 2012). We expect this also to
hold for our stylized EDB conservation programme and thus hypothesize that older farmers
are less likely to participate in such a programme (HS).

2.6 Direct marketing of products from EDBs

Farmers use different marketing channels to sell their products. Direct marketing provides a
good opportunity to convey a positive image of rare cattle breeds to consumers and recoup
some of the extra costs involved. This leads us to hypothesize that farmers who are engaged
in direct marketing are more likely to participate in a breed conservation programme (H6).

2.7 ldeology and emotions

Previous research has established that farmers’ attachment to their animals may depend on
the species kept and the purpose of keeping the animals (Bock et al. 2007). Economic reasons
clearly play a role for running a farm business, but equally important are decisions that are
shaped by non-economic motives such as family traditions or community relations (Gasson
1973; Burton, Kuczera, and Schwarz 2008). In a study on farmers’ attitudes towards farm
animal welfare, Austin et al. (2005) identified two main drivers to enhance animal wellbeing
on farm: a business orientation and a welfare orientation. Ahtiainen and Pouta (2011) also
emphasized that research on values of genetic resources should not only address the costs
and benefits of maintaining genetic diversity, but also the relative magnitude of use and
non-use values of genetic resources. Use values refer to productive activities, to their use
in breeding and further to future uses of genetic materials such as for development of new
traits (Gollin and Evenson 2003; Roosen, Fadlaoui, and Bertaglia 2005). By contrast, non-
use values are associated with the pure existence of a certain breed or are represented by
a value placed on preserving genetic resources for future generations. Schreiner and Hess
(2017) investigated farmers’ willingness to participate in animal welfare programmes under
the assumption that non-use values play a certain role for their motivation. We therefore
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test the hypothesis that farmers who keep endangered breeds for idealistic reasons are more
likely to participate in a breed conservation programme (H7).

Programme participation often causes transaction-related costs through conservation au-
dits, management plans, and self-reporting (Falconer 2000). Even if farmers do not have to
pay for inspections, the administrative burden adversely affects participation in the pro-
gramme (Flaten et al. 2010). In a paper about the role of emotions in the choice of indi-
vidual decision rules, Arafia and Le6n (2008) found that especially negative emotions like
anger, sadness, or distrust can affect choices. Joormann and Schmidt (2017) mentioned in
a German study on farmers’ acceptance of biodiversity measures the inhibiting impact of
negative experiences with farm audits on their willingness to participate in voluntary pro-
grammes. Against this backdrop, we hypothesize that farmers who feel annoyed by audits
are less likely to participate in an EDB conservation programme (H8).

3. Materials and methods

3.1 Experimental design

The empirical analysis is based upon a DCE with 159 cattle breeders in Germany. As we
were interested in farmers’ preferences for the design of EDB conservation programmes,
we chose to interview only farmers who were already keeping endangered breeds at the
time of the survey. The conservation scheme was designed to prevent these farmers from
abandoning their breeds, either by switching to modern breeds or by giving up their cattle
enterprise altogether. The scheme’s aim thus was to conserve existing stocks of endangered
breeds, thereby maintaining minimum viable population sizes and preventing certain breeds
from extinction. It would be unrealistic to assume that such a scheme would be attractive
to farmers who keep modern high-yielding dairy breeds.

In preparation of the survey, we contacted seven German breeding associations with
breeding programmes for endangered cattle breeds.> The majority of farmers were reached
through the northern German breeding association Rinderzucht Schleswig-Holstein e.G.,
which mailed a paper-based questionnaire to 349 farmers. We received 123 fully filled-in
questionnaires, a response rate of 35 per cent. Another thirty-seven farmers were inter-
viewed face-to-face at three different auctions for Shorthorn (Schleswig-Holstein), Angler
Cattle (Schleswig-Holstein), and Yellow Cattle (Bavaria). Because every respondent was
faced with either six (7 = 116) or seven (n = 43) hypothetical choices between a conserva-
tion programme and non-participation, we observed a total of 997 choices.

Table 1 shows the attributes of the stylized EDB conservation programme and their lev-
els included in the choice sets. Conservation programme requirements for cattle breeders
were inspired by existing conservation initiatives in Germany. The payment rate ranged
from zero to €250 per livestock unit (LU) and year. As an extra incentive for participation,
farmers were offered, besides the regular compensation payment, a collective bonus, which
would be paid if the entire breeding population documented in the herd book increased
by § per cent in 1 year. This extra incentive was inspired by Kuhfuss et al. (2016), who
demonstrated that a collective bonus, which would be paid if a certain enrolment thresh-
old in an AES was reached, can significantly enhance scheme performance. In contrast to
Kuhfuss et al. (2016), the bonus in the present study would be paid for a minimum increase
in the herd book population rather than for reaching a certain participation target.

Regarding husbandry conditions, some conservation programmes require access to a free-
range area or pasture, while others additionally ban slatted floors. Some programmes stipu-
late that farmers participate in the breeding programme of the respective breeding organiza-
tion, which would prescribe the pairing of animals. This is not to be confused with the EDB
conservation scheme itself. Some breeding organizations run internal conservation breeding
programmes with the aim of maintaining their breeds ‘in good shape’. One of the instru-
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Table 1. Attributes and their levels used in the discrete choice experiment.

Attributes Level®
Compensation payment 1) €0/LU/year*
2) €150/LUl/year
3) €200/LU/year
4) €250/LUl/year
Bonus (population increase by 5%) 1) €0/LU/year*
2) €40/LU/year
3) €80/LU/year
Conservation breeding programme (pairing) 1) N
2) Yes
Keeping conditions 1) No requirements*
2) Access to free-range area or pasture
3) Access to free-range area or pasture + ban of
slatted floors
Contract duration 1) 0 year*
2) 1 year
3) S years
4) 10 years
2The asterisk (*) marks the minimum level (opt-out).
Table 2. Example of a choice set.
Conservation programme Contract 1 Contract 2 No contract
Compensation payment €250/LUl/year €150/LUlyear
Bonus (5% population increase) €40/LU/year €80/LUl/year
Conservation breeding programme Not required Not required
Keeping conditions Access to free-range Access to free-range

area or pasture + ban  area or pasture
of slatted floors
Contract duration 1 year S years
I would choose: O O O

ments is to require members to devolve the choice of pairing partners for their animals to
the breeding organization. The final contract attribute, contract length, was varied between
1 and 10 years.

The orthoplan procedure of SPSS was used to generate an orthogonal design. The fi-
nal experimental design comprising twenty-five choice sets had a D-efficiency score of
95.7, indicating a satisfying design (Kuhfeld, Tobias, and Garratt 1994). In each choice
set, respondents were asked to choose among two hypothetical conservation programmes
and the opt-out option, meaning ‘no contract’ is chosen. Table 2 shows an example of a
choice set.

3.2 Econometric estimation

According to McFadden’s (1974) random utility theory, an individual 7’s utility U obtained
from a most preferred alternative j* consists of a deterministic observable part V,,; and a
stochastic part &,;, accounting for factors that are unobservable to the analyst.?

Unj:Vn/+8ni (1)

920z AInr 60 uo Jasn [a1y @n Ad 26£918//5209B0bZ/p/s01e/uadob/woo dno-olwapese/:sdpy woly papeojumod



Saving the breeds 7

The deterministic part V,; can be described as an additive function of conservation pro-
gramme requirements x; and the decision maker’s socio-economic characteristics z,, as per
Equation (2). The conservation programme requirements enter the estimation as a vector of
attribute levels, includin ;.- the compensation payment. The vector of socio-economic

g price

characteristics comprises the decision makers 7’s personality traits (such as age, gender, and
educational attainment) and the farm resource settings (such as farm size, whether it is an
organic or conventional farm, or whether the farmer engages in direct marketing).

The attributes of the conservation contract are included in the model as random param-
eters, and the personal/farm characteristics interact with an alternative-specific constant
ASC; (which takes the value of one if farmer 7 chose a conservation programme and zero
if he or she opted out) because they do not vary across alternatives (Hanley, Mourato, and
Wright 2001). The constant alone captures the average effect of all unobserved factors as-
sociated with the conservation programme (Train 2009). Thus, any interaction between
farm and farmers characteristic and the generic constant measures the effect of the respec-
tive characteristic on the adoption of any EDB conservation programme independent of its
requirements. Thus, the utility of a farmer 7 is estimated as:

Un/' = ﬂn.‘lASCi +ﬂn,2x/ + B3zn + Enj N = 1,...N;j=1,.. -7] (2)

The estimated B parameters provide information on the influence of the conservation
contract attributes and personal/farm characteristics on the choice probability and can be
interpreted as utility weights. A random parameter logit (RPL) model was employed, which
overcomes the limitations of a standard logit model by allowing for random taste variation,
unrestricted substitution patterns, and correlation in unobserved factors (Train 2009). As
the utility weights 8, are heterogeneous across farmers, they are specified as:

ﬂn =,3+ Nns (3)

where B is the average preference and 7, is the individual deviation of farmer 7z from the
average.

By creating interaction terms between farm resource variables and conservation pro-
gramme requirements, we captured effects on participation when farmers already meet cer-
tain contractual requirements. For example, farmers who already keep their animals on
pasture will be more willing to sign a contract requiring access to pasture than farmers who
do not.

We assumed a normal distribution for all conservation contract characteristics (random
parameters) except for the payment variable, which was assumed to be fixed in the estima-
tion. Assuming random parameters opens up the possibility of both positive and negative
preference towards an attribute. Treating the payment variable as fixed is debatable. On
the one hand, farmers may be assumed to have a monotonically increasing utility function
such that, ceteris paribus, higher payments are always preferred to lower payments. On the
other hand, some farmers may be intrinsically motivated to conserve their breed or may
even object to being paid for it. The latter assumption would argue in favour of treating
the payment as a random variable. We lean towards the monotonicity assumption and thus
treated the payment as a non-random variable in the RPL estimation. In order to cater
for the possibility of preference heterogeneity concerning the compensation payment, we
subsequently estimated a latent class model (LCM).

The estimated coefficients do not have a direct interpretation other than in their signs
and statistical significance (Burton et al. 2001). We used the obtained parameters for the
contract attribute levels B, , as well as the farm structure variables, attitudinal and socio-
economic variables B3 to derive willingness-to-accept (WTA) estimates as the negative ratio
of the coefficients of the attribute variable of interest x; and the compensation payment
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variable ﬂprice:

ﬂnz

price

WTA for x; = —

(4)

Assuming the payment coefficient to be fixed, the WTA for an attribute is the ratio of
the attribute’s coefficient to the price (payment) coefficient. The distribution of WTA is sim-
ply the scaled distribution of the attribute’s coefficient. The distribution of WTA is more
complex when the price coefficient varies also (Train 2009). These WTA estimates were cal-
culated at the sample mean. In order to account for statistical variability in WTA estimates,
confidence intervals of 95 per cent for mean values were computed using the delta method
recommended by Hole (2007). We further calculated the interaction WTA as follows:

_ BuiBur £ BinT

WTA for XINT =
Bprice

(5)

For computing the variance of the interaction willingness-to-pay (WTP), we followed
Syrengelas et al. (2018). According to Meas et al. (20135), the complementary or substitu-
tion nature can be conveniently determined through the signs of the interaction terms. Two
attributes are complementary if the interaction term is greater than zero and substitutes if
it is smaller than zero.

To identify sources of heterogeneity among the sample of breeders (also concerning the
compensation payment) we further estimated an LCM, which sorts farmers into classes
according to their preferences. Based on the statistical criteria Akaike information criterion
(AIC) and Bayesian information criterion (BIC), we chose a model with three classes, which
provides the best fit with the data (Boxall and Adamowicz 2002; Pacifico and Yoo 2012).

4. Results

4.1 Descriptive statistics, determinants of participation, and WTA estimates

Summary statistics are presented in the Appendix together with a detailed explanation of all
variables included in the model (Table A1). The respondents are on average 47 years old.
Almost 90 per cent run their farm as their main occupation, and half of the respondents
have a secured succession. Nearly 60 per cent completed a state-certified training in agricul-
ture whereas one-fifth hold a university degree or a qualification from a technical college.
The average farm size is 63 hectares of arable land and 58 hectares of pasture land. Twenty
per cent of the respondents are engaged in organic agriculture and market their products
directly to consumers. The largest share of farmers keeps Angler Cattle (39 per cent) and
Red Dual-Purpose Cattle (27 per cent). Only few farmers breed German Black Pied (11
per cent), Yellow Cattle (9 per cent), and Shorthorn (7.5 per cent). Only a minority of the
respondents keep Old Angler cows (4 per cent), a breed that is traditionally located in north-
ern Germany. One-third of the interviewed breeders keep their animals on straw, whereas
half of them keep them on slatted floor. Half of the respondents already participate in AES
or AnGR conservation programmes. Whereas AnGR conservation programmes aim to pre-
vent extinction of certain animal species by compensating famers for the lower profitability
of local breeds (Gandini et al. 2012), AES encourage farmers to undertake environmentally
friendly practices on their land with a specific objective and offer a payment in return.

On average, farmers are subject to Cross Compliance audits under the Common Agri-
cultural Policy twice a year. One-third of the respondents consider the audits a nuisance,
whereas the other two-thirds do not feel bothered by the audits. Interestingly, the motiva-
tion for keeping endangered cattle breeds seems to be split between those who keep them
for economic reasons (37.5 per cent) and those who emphasize idealistic reasons (40 per
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cent). To capture the effect of these distinct motivations, we generated a dummy variable
from the responses, i.e. ‘idealistic reasons’ (1 = idealistic reasons or rather idealistic reasons;
0 = any other answer) (see Table A1 in the Appendix).

In a first step, we estimated an RPL model that contained only the contract attributes
(Appendix Table A2). With the exception of the one-year contract duration, all attribute
variables had a significant impact on contract acceptance. The compensation payment, the
collective bonus, the requirement of providing outdoor access and grazing, and a contract
length of 5 years had a positive influence on the willingness of farmers to participate in the
programme. All other scheme requirements had a negative effect. Specifically, the longest
contract term (10 years), the requirement to participate in an internal breeding programme
and a ban on slatted floors reduced the willingness to participate.

Table 3 displays the estimation results of the RPL model, with the coefficients estimated at
the sample mean. The table also shows the WTA estimates and their 95 per cent confidence
intervals. The model has a good statistical fit as indicated by McFadden’s pseudo-R? value
of 0.334. The bottom panel of the table presents the estimated standard deviation of the
parameter estimates across the respondents. Forty-seven of the 159 breeders (30 per cent)
always chose a conservation programme, whereas 10 (6 per cent) farmers never chose one
of the proposed programmes. The remaining 103 (64 per cent) farmers chose a conservation
programme selectively.

As expected, a higher compensation payment had a positive effect on participation as
had the collective bonus, lending support to H1. An annual bonus of €80 per LU and year
for farmers who contribute to an increase in the overall population by at least 5 per cent
allows lowering the assured compensation payment by €30 per annum. Interestingly, the
lower-level bonus (€40 per LU and year) was not significant. Of the requirements regarding
the husbandry conditions, only the most restrictive one (i.e. ‘access to free-range area or
pasture + ban of slatted floors’) had a negative effect on participation. The requirement to
provide access to free-range area or pasture alone had no significant impact on choices. The
interaction term between the requirement ‘access to free-range area or pasture’ and the farm
structure variable ‘pasture’ (hectares of pasture land on farm) had a positive sign, indicat-
ing that farmers who can make available grazing land for the animals were more likely to
participate in an EDB conservation scheme with that requirement. The opposite effect can
be observed for the interaction term between the requirement ‘ban of slatted floors’ and the
farm structure variable ‘slatted floors’: As one would expect, farmers who keep their ani-
mals on slatted floors were less likely to participate in a breed conservation programme that
required a ban on slatted floors. These findings confirm H2 and demonstrate that compli-
ance with certain contractual requirements is closely related to the way animals are kept
on farm. Regarding contract duration, our respondents were indifferent between 1 and
5 years but clearly rejected 10-year contracts. This result confirms H3, whereby farmers
value the managerial flexibility offered by shorter-term contracts. Although not statistically
significant, the negative coefficient of the variable ‘conservation breeding programme’ indi-
cates that farmers do not seem to like compulsory participation in a breeding scheme that
would prescribe the pairing of animals. Farmers thus appear to place value on the flexibility
of pairing choices.

Besides the programme attribute variables, many of the farm structure, socio-economic,
and attitudinal variables affected farmers’ choices. Interestingly, none of the educational
variables had a significant influence. Thus, H3 whereby higher educational attainment en-
hances scheme participation is not supported by the data. H4 must also be rejected as evi-
denced by the negative coefficient of the variable describing previous participation in AES.
Older farmers were ceteris paribus less likely to participate in an EDB conservation scheme
as they are facing a shorter planning horizon—a finding in support of H5. Conversely, se-
cured farm succession led to a higher probability of programme participation. Interestingly,
farmers with larger dairy cow herds were more inclined to participate in an EDB conser-
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Table 3. Estimation results from the random parameter logit (RPL) model.

Julia Anette Schreiner and Uwe Latacz-Lohmann

WTA
[€/LU/year]

RPL model; N = 159 Coefficient (standard (95 %confidence
Log-likelihood: —733.36863; Pseudo-R?: 0.334 error of « or B) interval)
Attributes of EDB conservation programme x

Compensation payment 0.014*** (0.002) -

Bonus = €40/LUl/year —0.065 (0.195) 5(=19;29)

Bonus = €80/LU/year 0.413*** (0.152) —28 (—51; =7)

Conservation breeding programme —0.154 (0.265) 11 (—26;47)

Access to free-range area or pasture 0.230 (0.255) —15 (—49; 18)

Access to free-range area or pasture —2.278%** (0.418) 165 (935 239)

+ ban of slatted floors

Contract duration = 1 year 0.271 (0.452) —21 (=525 93)

Contract duration = 5 years 0.467 (0.496) —31 (—98; 395)

Contract duration = 10 years —1.627%** (0.495) 108 (43; 173)

INT: Access to free-range area or 1.322%*%(0.295) —88 (—133; —42)

pasture x pasture (dummy)

INT: Access to free-range area or pasture + ban

of slatted floors x straw (dummy)

INT: Access to free-range area or pasture + ban

of slatted floors x partly slatted floor (dummy)

INT: Access to free-range area or pasture + ban

of slatted floors x slatted floor (dummy)

1.890%** (0.452)
—1.340%%* (0.446)

—2.110%** (0.613)

Farm structure variables, attitudinal and socio-economic variables z

ASC x age

ASC x successor

ASC x agricultural training

ASC x state-certified farm manager
ASC x technical college or university
ASC x farm business

ASC x dairy cows

ASC x suckler cows

ASC x Shorthorn

ASC x German Black Pied

ASC x Old Angler Cattle

ASC x Yellow Cattle

ASC x Angler

ASC x Red Dual-Purpose Cattle
ASC x access to free-range area
ASC x organic farm

ASC x direct marketing

ASC x participation in EDB conservation
programmes

ASC x agri-environmental schemes
ASC x grazing

ASC x bothering

ASC x idealistic reasons

ASC x other endangered species

—0.688*** (0.017)
1.827%%% (0.584)
0.233 (1.020)

1.278 (0.807)

0.998 (0.812)

0.242 (0.858)
0.023%** (0.006)

—0.015*** (0.006)
0.713 (1.266)

~0.081 (1.390)
7.093%%* (2.087)
3.790%* (1.789)

—0.292 (1.561)

—0.090 (1.672)
1.303%** (0.504)

—2.884%%% (0.728)
3.833%** (0.808)

—3.667%%% (0.849)

—0.736 (0.749)
3.621 (0.809)
0.212 (0.455)

—1.223%%% (0.500)
2.631%%* (0.760)

—126 (—195; —56)
89 (25; 153)

140 (515 230)

5(2;7)
—121 (—208; —34)
—13 (—146; 119)
—85(—193;22)

—7 (=112; 99)
—16 (—127; 95)
1.5 (=2.5; —0.6)
1(0.251.7)
—47 (—=214; 119)
5(=176; 187)

—472 (=778; —166)
~252 (=500; —4.4)
19 (—184; 222)
60 (—157; 276)
—87 (—159; —15)
192 (77; 306)
—255 (—384; —126)
244 (118; 369)

49 (—49; 147)
—241 (=372; —110)
—14 (=73; 45)
84 (14; 154)
—175 (—289; —60)

Standard deviation of

95% confidence

coefficients interval
Attributes of EDB conservation programme x
Bonus = €40/LU/year 1.785%** 1.300; 2.269
Bonus = €80/LUl/year —0.01935 —0.348; 0.309
Conservation breeding programme 3.205%** 2.474; 3.935
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Table 3. Continued

Standard deviation of 95% confidence
coefficients interval
Access to free-range area or pasture —0.334 —0.692; 0.024
Access to free-range area or 1.672%%* 1.23252.113

pasture + prohibition of slatted floors

Contract duration = 1 year 0.727; 1.410
Contract duration = § years —1.732; —0.957
Contract duration = 10 years 2.030%** 1.612;2.448

*P <0.1,**P < 0.05, ***P < 0.01.
INT: interaction term.

vation scheme, whereas the opposite effect was observed for the size of suckler cow herds.
This is surprising since keeping suckler cows is often associated with a negative profit mar-
gin and a support scheme could thus be seen as a remedy. Regarding the different breeds, it
is mainly the rare breeds and those threatened by extinction, such as the Old Angler Cattle
or Yellow Cattle, that are more likely to be enrolled in an EDB scheme. By contrast, the
coefficients for the modern Angler and the Red Dual-Purpose breeds are not significant,
indicating that farmers who keep these breeds are neither more nor less likely than the aver-
age respondent to enrol their herds in an EDB scheme. These two breeds still have relatively
large populations. Farmers may thus not perceive these breeds as being endangered. Access
to free-range area, direct marketing of products from endangered cattle breeds (confirming
H6) as well as keeping other endangered species (hens, pigs, etc.) had a positive effect on
farmers’ willingness to sign an EDB contract. Organic farmers and respondents who have
strong idealistic reasons to keep endangered breeds were less willing to participate in an
EDB conservation programme, a result that would not be in line with H7. We could not
find evidence in support of H8 that farmers who feel annoyed by audits are less likely to
participate in an EDB conservation programme.

4.2 Exploring preference heterogeneity

We found significant standard deviations for most of the estimated coefficients (see the
lower panel of Table 3). These point to a large degree of preference heterogeneity among the
respondents. In order to identify the sources of this heterogeneity, we estimated an LCM,
which sorted the respondents into three classes according to their preferences (Table 4).
Based on the BIC, we chose a model with three classes, which provided the best fit with the
data (Boxall and Adamowicz 2002)—see Table A3 in the Appendix. For the specification
of membership variables, dummy coding was chosen instead of effects coding. Importantly,
however, whether effects coding or dummy coding is used will not affect the log-likelihood
value of multinomial logit models (i.e. the models are statistically equivalent), marginal WTP
or WTA estimates, nor will it affect welfare estimates of consumer or producer surplus (using
the approach proposed by Hanemann 1984).

Farmers belonging to Class 1 had an average probability of choosing an EDB conserva-
tion contract of only 9.9 per cent (Table 4). We thus labelled this class ‘non-adopters’. The
WTA estimates reveal that the requirement to provide access to free-range area or pasture
in combination with a ban of slatted floors is the main barrier to participation for these
farmers. None of the membership variables that shape the three classes had a significant
positive effect on being in Class 1, indicating that these farmers do not differ significantly in
terms of farm characteristics from their colleagues in Class 3, which served as a reference.

Farmers belonging to the other two classes were more inclined to join an EDB conserva-
tion scheme, though for different reasons. The key motivating factor for farmers belong-
ing to Class 3 (with an average probability of participation of 42.3 per cent) was the
compensation payment. None of the other scheme attributes had a significant impact on
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Saving the breeds 13

the choices made by these farmers. ‘Compensation matters’ thus seems to be an appropriate
descriptor for this class of farmers. Interestingly, the compensation payment had a signifi-
cantly positive impact on the likelihood of participation across the three classes, indicating
that there is no preference heterogeneity among the respondents concerning the compensa-
tion payment.

Farmers belonging to Class 2 (with an average probability of participation of 37.9 per
cent) valued a high collective bonus for an increase in the population of the respective breed
by at least 5 per cent per annum. A bonus of €80 per LU and year would allow the regular
compensation payment to be lowered by circa €93 per LU and year, more than the bonus
itself. By contrast, the lower-level bonus of €40 per LU and year was rejected by these farm-
ers. The strong support for the higher bonus and the rejection of the lower bonus could
be interpreted as a preference for a result-based payment. This, in turn, could indicate that
these breeders are genuinely interested in the programme achieving its objectives, namely
to secure and strengthen the population of endangered cattle breeds. We thus named this
class ‘Results matter’. Besides results, flexibility seems to matter for these breeders: the WTA
estimates for contract duration show that these farmers clearly favoured shorter contract pe-
riods. Farmers belonging to Class 2 had strong views on how an EDB conservation scheme
should be designed. Like farmers in Class 1, they strongly rejected programmes that re-
quired access to free-range area or pasture in combination with a ban of slatted floors. The
corresponding WTA of €570 per LU and year would have a prohibitive effect on partici-
pation. In contrast, they would tolerate or even favour the requirement to provide access
to free-range area or pasture alone. The corresponding WTA estimate indicates that they
would be willing to relinquish an amount of €210 per LU per year if this requirement was
part of the contract. Only two of the membership variables had a significant effect on being
in Class 1: farmers with a secure farm succession were more likely to belong to Class 2,
whereas organic farmers were less likely to be assigned to this class.

4.3 Supply curves for distinct EDB conservation programmes

We used the results of the RPL model to derive supply curves for two alternative specifica-
tions of an EDB conservation programme. The first programme (Programme 1) encompasses
a collective bonus of €80 per LU and year for a 5 per cent (or more) increase in cattle popu-
lation, provision of access to free-range area or pasture, farmers’ participation in a breeding
programme including determined pairing, and a 1-year contract. Given the higher bonus,
the less demanding husbandry requirements and the short contract period, we termed this
programme ‘entry-level EDB scheme’. The second programme (Programme 2) comprises a
€40 collective bonus for a 5 per cent population increase, provision of access to free-range
area or pasture combined with a ban of slatted floors, farmers’ participation in the same
breeding programme as in Programme 1, and a 5-year contract. Given the lower bonus pay-
ment, the more demanding husbandry conditions, and the longer contract term, we named
this programme ‘higher-level EDB scheme’.

We used the results of the RPL model to calculate individual WTA values for each
farmer in accordance with Latacz-Lohmann and Breustedt (2019) and Latacz-Lohmann and
Schreiner (2019). From Table 3, the sum of WTA estimates for a programme attribute x and
socio-economic and farm characteristic z was computed by multiplying WTA values by the
individual level of the respective variable:

J N
WTA;i=Y WTA;xAx;+ Y WTA, Az,
j=1 n=1
n = individual farmer; x = EDB scheme attribute levels (j = 1,..., J); ¢ = socio-economic
and farm characteristic (# = 1,..., N); i = EDB scheme (entry-level, higher level).
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Program 1: Entry-level EDB program
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Costs for contract (Euro/LU/year)
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Figure 1. Simulated supply curve for Programme 1 (entry-level EDB programme).

For continuous variables, WTA estimates were multiplied by the difference between the
actual level and the attributes’ base level (the latter is marked in Table 1 with an asterisk).
Dummy variables such as ‘successor’, ‘organic farm’, or ‘direct marketing’ entered the for-
mula with either one or zero depending on whether the respective characteristic was present
or not.

As a result, we obtained for each respondent an individual WTA estimate for each of the
two EDB programmes under investigation. We sorted the WTA estimates in ascending order
to plot supply curves for the two distinct EDB conservation programmes. For each WTA
level, we added up and plotted the number of cattle kept by farmers within the sample.
Figure 1 shows the supply curve for the entry-level EDB scheme, with the individual WTA
levels shown on the price axis and the total number of animals that would be offered at each
price on the quantity axis. Surprisingly, only 39 of the 159 respondents had a positive WTA
for the entry-level scheme. The mean WTA of the 39 respondents is €153 per LU and year,
ranging from €4.16 to €237.50. For the remaining 120 respondents we estimated negative
WTA. The majority of our respondents would thus be willing to join an EDB scheme without
financial support other than the collective bonus of €80 per LU and year. This can be seen
as an indication that our respondents are intrinsically motivated to conserve their breeds
for their own benefit and that of future generations.

Figure 2 shows the supply curves for individual breeds. Of the 16,236 animals (dairy
cattle, suckler cows, and fattening cattle) kept by all survey respondents together, 78.5 per
cent belong to the two largest breeds, Red Dual Purpose (30.5 per cent) and Angler (48
per cent). The other breeds account only for very small percentages of the total number
of animals kept by the respondents. These differences explain the different slopes of the
supply curves: the smaller the population, the steeper the supply curve. More importantly,
the share of negative WTA estimates (below the horizontal axis in Fig. 2) indicates the
percentage of respondents who would be willing to conserve their breeds in the absence
of financial support. It is clear from the figure that all respondents who keep Old Angler
and Yellow Cattle fall into this category. Of the farmers who keep modern Angler Cattle
only for five of the sixty-three WTA estimates (7.9 per cent) are positive, indicating that the
vast majority of modern Angler breeders would meet the relatively mild requirements of the
entry-level scheme without the need for financial compensation. If farmers could be offered
their individual WTA, the cost that would be incurred by participation of the five modern

920z AInr 60 uo Jasn [a1y @n Ad 26£918//5209B0bZ/p/s01e/uadob/woo dno-olwapese/:sdpy woly papeojumod



Saving the breeds 15

Program 1: Entry-level EDB program
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Figure 2. Simulated supply curves for Programme 1 (entry-level EDB programme) by cattle breed.
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Figure 3. Simulated supply curve for Programme 1 (higherlevel EDB programme).

Angler breeders would add up to €209, attracting 418 LUs into the scheme. For Shorthorn
the respective share of positive WTA estimates is 4.4 per cent (7 farms; €733; 618 LUs), for
Red Dual Purpose 10.7 per cent (17 farms; €1,554; 1,244 LUs), for German Black Pied 4.4
per cent (7 farms; €727; 318 LUs), and for Red Highland Cattle 1.9 per cent (3 farms; €314;
46 LUs).

Figure 3 displays the aggregate supply curve for the higher-level EDB scheme. As expected,
the share of positive WTA estimates is higher than for the entry-level scheme, which means
that more farmers (57 per cent) would require financial compensation to meet the stricter
requirements of that scheme. If every farmer were offered his or her individual WTA, total
compensation for enrolling these farms would amount to €1,105,244 per year, attracting
7,110 LUs into the scheme. The higher compensation requirement is also reflected in Fig. 4,
which shows the WTA estimates broken down by breeds. It is only the breeders of Old
Angler Cattle who would conserve their breed under the stricter conditions of the higher-
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Program 2: Higher-level EDB program
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Figure 4. Simulated supply function for Programme 2 (higherlevel EDB programme) by cattle breed.

Table 5. A t-test of differences between farms with positive and negative WTA estimates for the higher-level

EDB scheme.
Variable WTA > 0 WTA <0
Number of farms (n) 90 (57%) 69
Age of farmer*** (years) 51 46
Succession is secured** * 27.5% 69.5%
Herd size in LUs*** 49 90
Keeping cattle on straw (%)** 37 21
Breeds
Yellow Cattle 7 (50%) 7
Angler** 27 (34%) 52
Red Dual-Purpose 15 (35%) 28
Red Highland Cattle 4 (67%) 2
Old Angler** 0 (0%) N
Shorthorn* 9 (89%) 2
German Black Pied** 15 (88%) 2

*P <0.1,**P < 0.05, ***P < 0.01.

level scheme without financial support other than the €40 bonus per LU and year for a
collective increase in the population by at least 5 per cent.

We conducted a t-test to identify the key differences between respondents with positive
and negative WTA estimates, i.e. between those who would require financial support to
join the higher-level EDB scheme and those who would conserve their breeds on their own
account. Table 5 displays the results. Respondents requiring support are significantly older,
have less often a secured succession, keep fewer animals (smaller herds), and keep their
animals more often on straw. They are more likely to keep Shorthorn and German Black
Pied, whereas breeders of Old Angler and modern Angler Cattle are less likely to require
compensation, supporting the findings in Fig. 4.
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5. Discussion and conclusion

This study aimed to: establish the determinants of livestock farmers’ participation in EDB
conservation schemes; elicit farmers’ WTA compensation; derive supply curves for alter-
native specifications of a stylized EDB conservation scheme; and draw conclusions for the
design of EDB conversation programmes. Regarding the first objective, we found that farm-
ers favour short-term contracts, a high bonus for a collective cattle population increase, and
the requirement of outdoor access. By contrast, farmers tend to reject schemes that ban slat-
ted floors. As one would expect, the size of the monetary incentive, be it in the form of an
annual compensation payment per LU per year or a collective bonus for an increase in the
herd book population, is a functioning stimulus for participation. The positive effect of a
collective bonus on famers’ participation is similar to the results reported by Kuhfuss et al.
(2016). In their paper, the authors report that no heterogeneity was found with respect to
this attribute. This means that all respondents rate a bonus positively. In our study, this
only applies to the higher-value bonus of €80. More general, but also similar, is the result of
Gandini et al. (2012). The authors concluded that the opportunity of collaboration among
farmers is, besides other aspects, positively associated to breed survival.

The LCM revealed three distinct classes of farmers, with different inclination to join an
EDB scheme. Organic farmers are generally less likely to join an EDB conservation scheme
and are even more disapproving of contracts where pairing is prescribed by a breeding asso-
ciation. Also, the way animals are kept on farm (e.g. slatted floors versus straw, availability
of open-access opportunities) has a great influence on farmers’ willingness to enrol their
herd in an EDB programme. The more current husbandry practices are in line with the con-
tractual requirements, the more willing are farmers to join. Structural alterations required to
comply with contractual obligations represent a significant deterrent. Our hypothesis that
farmers who keep traditional breeds for idealistic reasons are more willing to participate in
conservation programmes is rejected (H7). Schreiner and Hess (2017) found that participa-
tion in animal welfare programmes is not increased by non-use existence values, but that
the opposite is the case. Farmers’ relatively high personal standards may not be in line with
the offered conservation programmes and make them seem unnecessary. In our survey, it
also became clear that some farmers do not even perceive their breed as threatened.

Regarding the second objective, the WTA estimates indicate that a large share of our
respondents would be willing to conserve their breeds in the absence of financial support.
This clearly points to an important role of intrinsic motivation, which seems to be partic-
ularly pronounced for farmers keeping small breeds threatened by extinction. Breeders of
Old Angler Cattle would not even require financial support to enrol their herds in the more
demanding higher-level EDB scheme. One possible explanation is that these farmers keep
their animals in small numbers and already comply with the conditions of the schemes.
Those who keep the modern Angler are also willing to join an EDB scheme at low costs.
Anecdotal evidence from the survey suggests that these farmers do not consider their breed
marginalized or threatened. That said, a ban of slatted floors or the requirement to devolve
pairing decisions to a breeding organization is considered costly obligations requiring finan-
cial compensation for many farmers, especially those who would have to invest in alternative
flooring systems.

The estimated supply curves suggest that a compensation payment of approximately €250
per LU and year would suffice to entice all farmers into the entry-level scheme, whereas circa
€375 would have to be offered to achieve the same outcome for the higher-level scheme.
These payment rates, however, would result in vast overcompensation of farmers who
would conserve their breeds on their own account. A minimum value of €167 per LU was
calculated by Wainwright et al. (2019) reflecting a starting value that is needed for bovine
farmer participation in the contractual scheme relative to a baseline contract. A shorter
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contract length, scheme application support only, and an individually managed conserva-
tion breeding programme characterize the baseline contract.

Some important policy conclusions can be drawn from the analysis. First, the large share
of farmers with negative WTA estimates raises the question of whether governments should
offer EDB conservation schemes in the first place. Our analysis suggests that compensation
payments would represent a windfall profit for the majority of farmers, particularly Angler
breeders. One way to enhance the cost-effectiveness would be to target a potential EDB
scheme on Shorthorn and German Black Pied breeders who, according to our analysis,
are more likely to require financial support than farmers keeping the other breeds. This
approach may, however, raise equity concerns. Moreover, the samples of farmers keeping
these two breeds include very few observations. It would be useful to expand the survey to
obtain even more valid results.

If governments choose to offer EDB conservation schemes, these should involve short-
terms contracts. Both the RPL model and the LCM have unanimously shown that longer-
term contracts are detrimental to farmers’ willingness to join. Second, the conservation con-
tracts should not stipulate a ban on slatted floors. If this requirement is part of a contract,
a much higher compensation must be offered to offset the negative effect on participation.
Third, we recommend not to demand in a contract that pairing decisions be devolved to a
breeding organization. Apparently, breeders place a high value on their free choice of the
right pairing partner. A final recommendation relates to the collective bonus, which is not
part of any of the EDB conservation programmes currently offered in Germany. Unlike an
annual compensation paid to individual farmers, a collective bonus has the potential to
change social norms concerning endangered breed conservation and might initiate group
dynamics towards increasing the whole population of the specific breed. Some farmers who
are generally more likely to accept a contract seem to be willing to take the risk of not
achieving the goal of 5 per cent population growth and receiving no bonus. We recommend
that such a ‘success bonus’ be included in one of the existing schemes in order to test its
effectiveness in the field.
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The data that support the findings of this study are available on request from the correspond-
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End Notes

1 According to the FAO report (2015), the term ‘at risk’ refers to a breed classified as either critical,
critical maintained, endangered, or endangered-maintained. Menger and Hamm (2021) mention that
often these breeds are also referred to as old, local, rare, or heritage breeds.

2 Originally, the survey aimed at collecting data from breeders of red breeds only. Due to a very small
population in Germany, we decided to broaden our study and included breeders of Shorthorn, German
Black Pied, Old Angler Cattle, Angler Cattle, Yellow Cattle, and Red Dual Purpose Cattle into our data
sample.

3 Following Train and Weeks (2005), the stochastic part ¢,; is assumed to be an extreme value distributed

with scale o, (normalized to 1).

Appendix

Table A1. Summary statistics (N = 159).

Variable Mean (SD) Explanation
Age 47 (0.99) Farmer’s age
Successor 46% (50%) Dummy: 1= succession is secured

Farm business
Agricultural training

State-certified farm
manager

Technical college or
university

Non-agricultural
vocational training or
study programme

Farm acreage

Pasture

Dairy cows

Suckler cows

Cattle fattening

Endangered cattle breeds

Specific breeds

Straw

Partly slatted floor
Slatted floor

Access to free-range area

87% (34%)
9% (29%)

57% (50%)
21% (41%)

1% (32%)

84 (85)
13.446

7.5% (26%)
11% (31%)
3.7% (19%)
8.7% (28%)
39% (49%)
27% (44%)
31% (46%)

(49%)
11% (31%)

Dummy: 1= farm business is the main occupation

Dummy: 1 = farmer has completed basic agricultural
training

Dummy: 1 = farmer has completed a state-certified
training in agriculture

Dummy: 1 = farmer has a degree from a technical
college or university

Dummy: 1 = farmer has completed a non-agricultural
vocational training or study programme

Hectares of arable land on farm

Hectares of pasture land on farm

Number of dairy cows on farm

Number of suckler cows on farm

Number of fattening cattle on farm

Dummy: 1 = endangered cattle breeds are kept on the
farm

Average number of livestock units (LU) on farm

Heads of endangered cattle in sum

“Which breeds do you keep?’

Dummy: 1 = Shorthorn

Dummy: 1 = German Black Pied

Dummy: 1 = Old Angler Cattle

Dummy: 1 = Yellow Cattle

Dummy: 1 = Angler

Dummy: 1 = Red Dual-Purpose Cattle

Dummy: 1 = animals are kept on straw

Dummy: 1 = animals are kept on partly slatted floor

Dummy: 1 = animals are kept on slatted floors

Number of days per year
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Table A1. Continued

Julia Anette Schreiner and Uwe Latacz-Lohmann

Variable Mean (SD) Explanation
Organic farm 21% (41%) Dummy: 1 = organic farm
Direct marketing 19% (40%) Dummy: 1 = farmer engages in direct marketing
Participation in EDB 20% (40%) Dummy: 1 = farmer already receives financial support
conservation for rare cattle breeds and thus has experience with
programmes conservation programmes.
Agri-environmental 30% (46%) Dummy: 1 = participation in AES
schemes (AES)
Grazing 27% (44%) Dummy: 1 = cattle is grazed on conservation area
Cross-compliance or other 2(1.4) Number of audits during the last 5 years
audits
Bothering 3.2 (1.4) ‘Do you feel bothered by these audits?’ Likert scale: 1 =
1+2:33% yes; 2 = rather yes; 3 = neutral; 4: rather no; 5 = no
445: 50%
Idealistic vs economic 3.0 (1.1) ‘Are you keeping endangered cattle for idealistic or
142 economic reasons?” Likert scale: 1 = economic
37.5% reasons; 2 = rather economic reasons; 3 = neutral;
4+45: 40% 4: rather idealistic reasons; 5 = idealistic reasons

Other endangered species 14% (34%)

Other financial support 20% (40%)

‘Are you keeping other endangered species than cattle
on your farm?’
Dummy: 1 = yes

‘Do you receive other financial support (e.g. investment
aid) for keeping endangered cattle breeds on your
farm?’
Dummy: 1 = yes

Table A2. Basic model with only attribute variables.

RPL model; N = 159
Log-likelihood: —811.83807;
pseudo-R?: 0.273

WTA [€/LU/year]

Coefficient (standard (95%confidence

error of « or B) interval)

Attributes of EDB conservation programme x

Compensation payment
Bonus in €/LU/year

0.007%** (0.003 ~0.9 (—1.83; —0.00)

0.008*** (0.002)
)

(0.265) 71 (—11; 154)
)

Conservation breeding programme —0.561%*
Access to free-range area or pasture 0.931*** (0.150 —118 (—190; — 45)
Access to free-range area or pasture —2.214%%%(0.242) 281 (1215 343)
+ prohibition of slatted floors
Contract duration = 1 year 0.221 (0.158) —28 (—78;22)
Contract duration = 5 years 0.594*** (0.197) —76 (—157;6)
Contract duration = 10 years —1.229%** (0.237) 156 (78;235)
#*P < 0.05; ***P < 0.01.
Table A3. Number of segments and Bayesian information criterion (BIC).
Number of segments 2 3 4 5
BIC 1,940.6 1,874.3 1,905.2 1,953.4

Note: We used BIC as the optimal number of segments, since AIC is known to be excessively lenient to additional

parameters.
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