
agriculture

Article

Animal Welfare Payments and Veterinary and
Insemination Costs for Dairy Cows

Basil Odermatt 1 , Nina Keil 2 and Markus Lips 1,3,*
1 Agroscope, Research Division Competitiveness and System Evaluation, Tänikon 1, CH-8356 Ettenhausen,

Switzerland; basil_odermatt@hotmail.com
2 Federal Food Safety and Veterinary Office, Center for Proper Housing of Ruminants and Pigs, Agroscope

Tänikon 1, CH-8356 Ettenhausen, Switzerland; nina.keil@agroscope.admin.ch
3 GUS Group, Sonnenstrasse 5, CH-9000 St. Gallen, Switzerland
* Correspondence: markus.lips@gus-group.ch; Tel.: +41-71-242-71-27

Received: 1 November 2018; Accepted: 17 December 2018; Published: 21 December 2018 ����������
�������

Abstract: To promote the provision of animal-friendly housing and management exceeding the
minimal legal standards, the Swiss government offers direct payments through two programs for
several farm animal species. In dairy cows the BTS program pays for group housing systems with
a comfortable lying area separated from the feeding area. The other program, the RAUS, requires
that cows receive regular exercise in an outdoor run in the winter and a pasture during summer. The
aim of the study was to analyze the relationship between the two Swiss direct payment programs
and the veterinary and insemination costs for dairy cows. We used a large sample of more than
21,000 dairy farm observations from 2004 to 2014 obtained from the Swiss Farm Accountancy Data
Network. A propensity score weighting was combined with a linear regression model to estimate
the doubly robust treatment effects of the BTS and/or RAUS programs on dairying and breeding.
Compared to the control group, that is, farms participating in neither program, farms in the RAUS
tended to reduce their veterinary costs by 2% (CHF 4.71). Participation in both the BTS and RAUS
programs resulted in a 10% cost reduction (CHF 19.32). An analysis of the effects of participation
in both programs, with farms participating in only the RAUS as the control group, indicated a cost
reduction of 7% for the farms participating in both programs (CHF 13.54). In contrast, participation
in the RAUS only or in the RAUS and the BTS did not have a significant effect on insemination costs.
The results thus indicate that the implementation of higher welfare standards can have a positive
effect on the economic situation of a farm.
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1. Introduction

The welfare of farm animals is of growing concern for producers and consumers, especially in
Europe [1]. In general, there are three ways to improve farm animal welfare: labelling programs
for the whole value chain (e.g. organic food), legislation and direct payments for exceeding legal
requirements [2]. In Switzerland, the government provides direct payments through two programs:
the BTS (Besonders tierfreundliche Stallhal-tungssysteme) and the RAUS (Regelmässiger Auslauf
im Freien). The programs provide financial incentives for more animal-friendly husbandry and
management beyond the minimum legal requirements [3]. For dairy cows, the BTS pays for group
housing systems with a comfortable lying area separated from the feeding area. The other program,
the RAUS, requires that the cows get regular exercise in an outdoor run in the winter and in a pasture
during summer.
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If the efforts to improve animal welfare are to achieve widespread societal acceptance,
consideration must be given to three animal welfare objectives: (1) ensuring the good physical health
and functioning of animals, (2) minimizing unpleasant “affective states” (e.g. pain and fear) and
affording animals normal pleasures and (3) allowing animals to develop and to live in ways that
are natural for their species [4]. Animal producers (farmers and ranchers who raise animals) have
associated welfare primarily with the health conditions of their livestock. For non-producers, it is
mainly opportunities for animals to engage in natural behavior [5]. It can therefore be assumed that
increased welfare standards, such as group housing instead of tie stalls and increased lying comfort
and grazing, related to behavioral needs would be accepted more easily by farmers if they can be
shown to have positive effects on the physical health of the animals and, also, the economic health of
the farm, for example, reduced insemination or veterinary treatment costs.

Studies have shown that loose housing and increased lying comfort, the main characteristics of
the BTS and regular access to an exercise yard and pasture, the main characteristics of the RAUS, can
improve animal health in tie stalls and loose housing [6–12]. Regula et al. [13] analyzed the effects of
participation in the BTS and RAUS programs on the health and welfare of dairy cows on 134 Swiss
farms. The results showed that participation in both programs was associated with substantially fewer
teat injuries and hock joint alterations and a lower incidence of medical treatment. Regular exercise
was also beneficial with respect to lameness and teat injuries for cows kept in tie stalls. However,
large-scale investigations on the effects of the adherence to animal husbandry standards, such as those
of the BTS and RAUS, on the economic situation of a farm have not been addressed.

The three main reasons for culling dairy cows are health problems resulting from mastitis,
movement disorders (lameness and feet and leg problems) and infertility (postpartum disease and
reproduction problems), which are all multi-factorial [14]. Whereas the yearly incidence risk of dairy
cow culling because of low production has decreased, the risk for reproduction and udder-related issues
has remained unchanged over approximately two decades beginning in the mid-1980s [15]. These
health disorders seriously impair the welfare of the animals and their prevention and treatment result
in economic losses for farmers [16–18]. Veterinary and insemination expenses are a substantial part of
these costs, with the ratio to overall farm expenses depending on the health of the animals [15,18–20].
It can therefore be hypothesized that the standards of BTS and/or RAUS could directly and indirectly
impact on veterinary and or insemination costs. For example, claw health which is demonstrably
associated with several reproduction parameters (e.g. number of services per conception) [11] is
increased by increased lying comfort [7].

The Swiss Farm Accountancy Data Network (FADN) contains data from more than 2000
observations of dairying and breeding enterprises for each year. It includes information about
veterinary and inseminations costs and participation in the BTS and RAUS programs [21]. On the
basis of more than 21,000 observations, the goal of the study is to analyze whether Swiss dairy farms’
participation in the BTS and/or the RAUS animal welfare programs resulted in lower veterinary and
insemination costs per livestock unit (LSU).

2. Methods

2.1. BTS and RAUS Programs

The BTS and RAUS programs are offered for several farm animal species and within those species,
for defined categories related to age and/or the enterprise. A separate application can be submitted
for participation in any category. Farmers who want to participate in the BTS and/or the RAUS for
dairy cow must fulfil several requirements (Table 1).
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Table 1. Overview of general requirements, exceeding those of Swiss welfare legislation, for dairy cows
on farms participating in BTS and/or RAUS.

Program Requirements

BTS • Loose housing system
• Lying area separated from feeding area
• Feeding area with solid flooring
• Lying area: deep litter and soft mattresses in cubicles

RAUS • From 1 May to 31 October:
# 26 days per month on pasture
# At least 25% roughage (dry matter) from pasture; no

prescription for the duration of each outside event

• From 1 November to 30 April:
# 13 days per month outdoors on pasture or outdoor run;

no prescription for duration of each outside event
# Space per cow: 10 m2 loose housing, 8 m2 outdoor run

in tie stalls

Source: [3].

The BTS program supports farmers who keep their dairy cows in a loose housing system rather
than tie stalls. The latter are common for dairy cows in Switzerland because of the small herd sizes: an
average of 22 dairy cows in 2014 [21]. The BTS also stipulates standards for the comfort of lying areas,
which must be bedded with deep straw or cubicles, which must have an equivalent soft mattress.
The BTS program currently yields CHF 90 per LSU, which corresponds to approximately 1.3% of
total earnings [22] (In 2017, one Swiss franc [CHF] corresponded to 0.79 GDP, €0.90 and US $1.02;
https://data.snb.ch). More than half of all dairy farms participated in 2014 [21].

The RAUS promotes regular outdoor access. The cows must spend a minimum of 26 days per
month on pasture between May and October, that is, the vegetation period and at least 13 days per
month in an exercise yard the remainder of the year. The RAUS payment is currently CHF 190 per
LSU. This subsidy program is widely used by dairy farmers because even those with tie stalls can
participate. The participation rate was 88% in 2014 [21]. To show compliance with the RAUS program,
farmers maintain written records of all outdoor activities. Compliance with the standards for both
programs is verified on the farm by certified control agencies at least every fourth year.

2.2. Data

Similar to other European Union member states, Switzerland operates a Farm Accountancy Data
Network (FADN) to report the income of agricultural holdings and to analyze the effects of agricultural
policies [23]. In Switzerland, the data are gathered by farm managers, checked by fiduciaries and
then submitted to Agroscope for the reporting of the income for the entire agricultural sector. This
analysis in the current study was based on the data for 2004–2014. While the reported base population
had decreased from approximately 51,000 to 44,000 farms during the observation period, 2395 (2014)
to 3376 (2008) farm observations were available for each year [21]. Thus, the data provided a good
representation of the agricultural sector, especially farms with animal husbandry, in Switzerland.

Farms that provide their accounting data to the Swiss FADN are required to allocate their direct
costs to the respective production branches or enterprises [24]; thus, these data were available for
statistical analysis related to enterprise dairying and breeding only. Of the farms in the database, 78%
were engaged in these enterprises; hence, a sample of more than 2,300 farms was available for each year.
Because farms were not a part of the sample in every year, the study used an unbalanced panel with
more than 28,000 observations of nearly 5,000 different farms for the 11 years under consideration. On
average, 5.7 observations were available for the farms in the dataset. Each year, the farmers indicated

https://data.snb.ch
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whether they had received direct payments from participation in the BTS and/or RAUS programs for
their dairying and breeding enterprises. Thus, three dummy variables were generated for a farm’s
participation in the BTS program only, in the RAUS program only or in both programs. These variables
represent the treatment variables for higher animal welfare standards.

The yearly veterinary costs per LSU and yearly insemination costs per LSU were the outcome
variables. These expenditure items included the costs related to the livestock in the dairying and
breeding enterprise. Insemination costs were attributed to adult cows and heifers and the veterinary
costs included those for all animals in the enterprise (calves, heifers and cows). The first observation
for every farm and the first observation after a change in the farm’s participation in either the BTS or
the RAUS program were disregarded to account for possible transition effects. It was assumed that
the cattle had to adapt to the new circumstances; thus, the effects of participation in either program
on veterinary and insemination costs would be biased in the first year. This reduced the number of
observations in the sample by 25%. In addition, five reports of veterinary costs and 36 regarding
insemination costs with entry errors, that is, values smaller than zero, were omitted. Yearly veterinary
costs exceeding CHF 2000 per LSU were deemed outliers. This was the case for two data points. In
sum, more than 21,000 observations of approximately 4000 farms were used for the statistical analysis.

The structural attributes of the farm (main enterprise, years of existence, livestock units, land
size, agricultural production zone, organic farming and share of arable/pasture land) and the
sociodemographic attributes of the farm manager (age and education) as well as other variables that
could be related to veterinary or insemination costs (milk yield per cow, stocking rate, concentrates,
animal purchases, milk prices, proportion of non-familial workforce, agricultural income per family
work unit, income from secondary occupation, proportion of secondary occupation income to total
income, total animal expenditures, other direct costs, total assets and shareholder equity) were used as
covariates in the statistical analysis. A detailed description of these variables is provided in Table 2,
which presents the summary statistics for the first year (2004) and the last year (2014) of the sample.

Table 2. Variables, their means and standard deviations from analysis of 2004 and 2014 data.

Variable Description Unit 2004 SD 2014 SD

Outcome variables

Veterinary costs Veterinary costs per LSU CHF/LSU 173.64 98.21 202.00 120.02

Insemination costs Insemination costs per LSU CHF/LSU 82.04 43.09 96.11 55.43

Treatment variables

BTS Dummy variable indicating farm
participation in BTS program only % 2.20 – 1.70 –

RAUS Dummy variable indicating farm
participation in RAUS program only % 44.72 – 39.04 –

BTS and RAUS
Dummy variable indicating farm
participation in BTS and RAUS

programs
% 34.17 – 50.03 –

Covariates

Farmer’s age Farmer’s age in corresponding
accounting year Years 46.01 8.65 48.98 9.14

Farmer’s level of
agricultural education

None % 7.60 – 5.09 –

Training in progress % 0.38 – 0.27 –

Apprenticeship completed % 56.16 – 56.69 –

Additional training % 34.92 – 35.51 –

Technical college or university
degree % 0.94 – 2.44 –
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Table 2. Cont.

Covariates

Years of farm’s
existence

Number of years since handover of
operations Years 15.59 – 18.45 –

Main enterprise
Dummy variable indicating dairying

and breeding as farm’s main
enterprise

% 0.59 – 0.59 –

Main agricultural
zone

Plain zone % 41.90 – 37.07 –

Hilly zone % 14.64 – 16.77 –

Mountain zone I % 15.26 – 15.55 –

Mountain zone II % 16.14 – 17.52 –

Mountain zone III % 7.66 – 7.74 –

Mountain zone IV % 4.40 – 5.36 –

Size of the enterprise
Size of the dairying and breeding
enterprises measured in livestock

units
LSU 21.32 9.70 27.34 16.07

Livestock units Total livestock units of entire farm LSU 27.31 15.40 34.47 23.33

Land size Size of entire farm in hectares ha 19.68 8.47 23.84 11.29

Share of pasture land Share of pasture land to grassland in
% % 17.27 21.20 15.58 19.96

Share of arable land Share of arable land to total land size
in % % 9.48 16.03 11.25 16.72

Organic farming Dummy variable indicating
involvement in organic farming % 14.70 – 11.88 –

Milk yield Milk yield per cow in kg kg/LSU 6427.54 1323.49 6676.30 1516.65

Stocking rate Number of livestock units per
hectare LSU/ha 1.45 0.84 1.47 0.83

Animal purchase
costs Animal purchase costs per LSU CHF/LSU 300.24 505.67 265.34 561.71

Concentrate costs Concentrates costs per LSU CHF/LSU 514.00 301.60 674.13 417.96

Other direct costs Other direct costs per LSU CHF/LSU 316.21 241.82 213.83 108.06

Total animal revenues Total animal revenues per LSU CHF/LSU 5385.62 1604.16 5176.24 1774.77

Milk price Farm’s average realized price per kg
milk CHF/kg 0.73 0.12 0.71 0.72

Share of non-familial
workforce

Share of non-familial workforce in
total workforce in % % 17.73 19.55 22.18 21.90

Agricultural income Agricultural income per family work
unit CHF 100k 0.41 0.32 0.54 0.39

Income of secondary
occupation

Total income of non-agricultural
occupations CHF 100k 0.18 0.20 0.23 0.26

Share of agricultural
income

Share of agricultural income to total
income in % % 76.85 24.67 74.78 78.48

Total assets Total assets of farm CHF 100k 8.13 4.30 10.49 6.50

Shareholder equity Shareholder equity of farmer CHF 100k 4.81 3.20 5.89 4.60

Source: [21].

2.3. Group Comparisons

Although this is not a legal requirement in Switzerland, most dairy cows are traditionally pastured
during the summer [13]. The legal provision that cows in tie stalls be outside for at least 60 days
during the summer and 30 days during the winter, with periods inside not exceeding two weeks [25],
promotes this practice. Therefore, the participation of farms with tie stalls in the RAUS requires the
farmers to increase the frequency with which the cows are outdoors in the winter beyond the legal
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standard. Often, they have already been fulfilling the RAUS requirements for summer. Given that
most loose housing systems in Switzerland are equipped with an outdoor run and that the additional
costs for providing lying comfort are moderate, most farmers with loose housing systems apply for
both the BTS and the RAUS programs [13]. Thus, few farms participate in the BTS only (Table 2). It was
therefore concluded that the standard farms that did not participate in both the BTS and the RAUS
had mostly tie stalls.

This study focused on the estimation of three different treatment effects on veterinarian and
insemination costs. First, a comparison of standard farms (STD) and farms in the RAUS program
(RAUSvsSTD) was done to determine the effect of the RAUS program. Second, a comparison of farms
in the BTS and RAUS programs and farms in the RAUS program only (BOTHvsRAUS) was done. This
quantified the additional effect of the BTS on veterinary and insemination costs for RAUS farms. Last,
a comparison of standard farms and farms in both programs (BOTHvsSTD) was done to estimate
for the combined effect of BTS and RAUS participation. Comparisons were not made for standard
farms and farms in the BTS or for farms in the BTS and farms in the BTS and RAUS because of the low
number of farms that had participated in the BTS program only. The number of farm observations for
all three treatment groups and the corresponding control groups are indicated in Table 3.

Table 3. Summary of investigated treatment groups and respective control groups with number
of observations.

Name Treatment group N Control groups N

RAUSvsSTD Farms participating in RAUS program 9784 Standard farms (no participation) 2783
BOTHvsRAUS Farms participating in BTS and RAUS programs 8316 Farms participating in RAUS program 9784
BOTHvsSTD Farms participating in BTS and RAUS programs 8316 Standard farms (no participation) 2783

Source: [21].

2.4. Statistical Analysis

In Switzerland, the decision to participate in one or both government direct payment programs
is made annually. This choice is not random. It is influenced mainly by the farm’s individual
characteristics. Thus, the mean comparison of veterinary or insemination costs for standard farms
(non-participants) and BTS and/or RAUS farms yielded a biased estimator for the treatment effect
(selection bias). A common approach for dealing with omitted variable bias is the use of instru-mental
variables; however, a suitable variable was not available. Another approach to combating this issue
is the use of matching or weighting methods through the creation of a control group that is similar
to the treatment group on the observed characteristics. Subsequently, the effects of the program on
the outcome variables can be estimated. The advantage of such non-parametric methods is that no
functional form assumptions are required. Regarding the admissibility of the control group, these
methods estimate the unbiased causal effect of the treatment on the outcome variable [26]; however,
they do not guarantee any confounding bias correction. The possibility for unobservable variables that
correlate with both the outcome variable and the treatment exists [27]. Through the combination of
regression modelling and propensity score weighting, doubly robust estimates were achieved, that is,
only one of the two models had to be correctly specified to obtain unbiased estimates for the treatment
effect [28]. Because linear regression models are likely to be mis-specified when the treatment and
control groups are dissimilar, the elimination of the differences in the covariates by the propensity
score weighting made the model more robust. Additionally, the inclusion of the covariates in the
estimation of the treatment effect can reduce the standard error, especially if the covariates and the
outcome variable are strongly correlated. Thus, the doubly robust method offered gains in estimation
precision over propensity score weighting and provided protection against misspecification [29].

For this study, a propensity score weighting was first applied to the farms in the sample. This
method, which was advanced by Rosenbaum and Rubin [26], measures the similarity of a farm by
the propensity score. This score represents the probability of a farm’s participation in the BTS and/or
RAUS programs given its individual characteristics, which are represented by the covariates (cf.
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Table 2). The Twang package in R [30] was used for estimating the propensity score by generalized
boosted models [31]. The algorithm iteratively sums a collection of simple regression tree models
and stops when the number of iterations that minimize the average standardized absolute mean
difference (ASAM) between the treatment and the weighted control group on the covariates is found.
The ASAM represents the absolute value of the difference between the means of the treatment group
and the weighted control group divided by the standard deviation for the treatment group [32].
Accordingly, this method has the advantage of not being sensitive to the functional form of the
relationship between the treatment variable and the covariates. This is an issue with commonly
used techniques, such as logistic regression. Instead, the ASAM can capture interaction terms and
nonlinear effects, such as polynomial variables, autonomously. Multicollinearity also does not affect
the outcome of the weighting; thus, this method is more flexible, especially for a large number of
covariates. Additionally, the iterative estimation process allows the model to be calibrated such that
the highest similarity between the treated and control groups can be found.

With the algorithm of Ridgeway et al. [30], weight 1 is normally assigned to the farms in the
treatment group and similarity to the treatment group is used to determine the weights of the farms in
the control group. Because there were more farms in the treatment groups than in the control groups
for RAUSvsSTD and BOTHvsSTD and the numbers in the treatment and control groups were fairly
equal for BOTHvsRAUS, the farms in the treatment group were weighted according to their similarity
to the comparison farms. Thus, the risk of predomination of the treatment effect estimation by a few
observations with a high weighting factor was reduced. The panel structure of the data was also taken
into account; therefore, a propensity score weighting was applied for each year. The farm observations
of the control group were all weighted by the factor 1; hence, no weight adjustment was necessary.

In the second step, the Survey package in R provided by Lumley [33] was used for estimating the
average treatment effect on the treated (ATT) and its standard error by means of weighted regression
models. In other words, the average change in the treatment group’s outcome variable induced by
the treatment was computed. The method weights each observation with the inverse of its sampling
probability and produces standard errors by taking the weights into account. As suggested by Bang
and Robins [34], not only was the outcome variable on the treatment variable regressed to estimate
the treatment effect but the control variables presented in Table 2 in the regression were also included.
Therefore, the ATT is the difference of either the average veterinary costs or the average insemination
costs for the weighted treatment group and the unweighted control group with consideration of the
effect of the covariates.

3. Results

Veterinary costs for the dairying and breeding enterprises were CHF 174 per LSU at the beginning
of the observation period, 2004 and CHF 202 per LSU by the end of the period, 2014 (Table 2).
Insemination costs were approximately half of veterinary costs in 2004. The ratio remained fairly
stable over the observation period. About 95% of the farms that participated in the BTS were also in
the RAUS program. Very few farms benefitted from the BTS payments solely; however, many farms
participated in the RAUS program only. In 2004, 45% participated in the RAUS program only. By 2014,
this had reduced to 39% mainly because farms had started participating in the BTS program as well
during the period.

The results of the group comparisons regarding veterinary costs and insemination costs have been
reported separately. In addition, the results have been provided for the treated group twice unweighted
and weighted, that is, before and after the propensity score weighting. Table 4 displays the average
veterinary costs for the treatment groups and the corresponding control group for each comparison
(RAUSvsSTD, BOTHvsRAUS, BOTHvsSTD). Unweighted, the farms that participated in the RAUS
program had yearly veterinary costs of CHF 204.88 per LSU. After the weighting, however, the average
yearly costs for the RAUS treatment group were CHF 196.20 per LSU compared to CHF 199.54 per
LSU for the control group. Accordingly, the weighted regression yielded a trend (10% significance



Agriculture 2019, 9, 3 8 of 14

level) for the RAUS regarding yearly veterinary costs of CHF −4.71 per LSU. The comparison of the
farms that participated in both programs with the farms that participated in the RAUS program only
(BOTHvsRAUS) showed that the treatment group (BOTH) had lower average veterinary costs. The
weighting procedure partly flattened the mean difference between the two groups but estimated a
negative effect on yearly veterinary costs (CHF −13.54 per LSU) for the added participation in the
BTS program. The farms that participated in both programs also had lower veterinary costs than the
standard farms (BOTHvsSTD). The propensity score weighting even enlarged the mean difference
between the weighted treatment group and the comparison farms with an estimated negative treatment
effect of CHF −19.32 per LSU each year.

Table 4. Overview of 2004–2014 average aggregated veterinary costs for weighted and unweighted
treatment groups and corresponding controls.

Treated Control ATT N Treated N Control

Name Unwtd Wtd (Un)wtd 1 Est. 2 Unwtd Wtd 3 (Un)wtd 1

RAUSvsSTD 204.08 196.20 199.54 −4.71 9784 5178 2783
(2.63)

BOTHvsRAUS 184.59 190.40 204.08 −13.54 * 8316 3627 9784
(1.98)

BOTHvsSTD 184.59 180.69 199.54 −19.32 * 8316 1792 2783
(3.40)

Source: own calculation based on [21]; 1 (Un)wtd signifies that the weighted and unweighted groups are identical.
2 Coefficient of the treatment variable in the weighted regression of veterinary costs on the treatment and the
covariates. The standard error is in brackets below. 3 Number corresponds to the effective sample size (ESS) after
weighting. Note: * denotes 1% significance level.

Table 5 shows the results of the propensity score weighting for insemination costs. In general,
the insemination costs for farms in the unweighted treatment groups were higher than those of their
respective comparison farms. After the weighting, the mean difference between the two groups was
reduced in each case and the weighted regression did not yield any treatment effect.

Table 5. Overview of 2004–2014 average aggregated insemination costs for weighted and un-weighted
treatment groups and corresponding control groups.

Treated Control ATT N Treated N Control

Name Unwtd Wtd (Un)wtd 1 Est. 2 Unwtd Wtd 3 (Un)wtd 1

RAUSvsSTD 85.41 81.20 79.74 0.01 9769 5234 2779
(1.00)

BOTHvsRAUS 87.99 87.10 85.41 0.93 8306 3600 9769
(0.79)

BOTHvsSTD 87.99 80.52 79.74 −1.82 8306 1816 2779
(1.34)

Source: own calculation based on [21]; 1 (Un)wtd signifies that the weighted and unweighted groups are identical.
2 Coefficient of the treatment variable in the weighted regression of veterinary costs on the treatment and the
covariates. The standard error is in brackets below. 3 Number corresponds to the effective sample size (ESS)
after weighting.

A summary of the aggregated mean comparison of the covariates that were used to perform the
propensity weighting is presented in Tables A1 and A2 in the Appendix A.

4. Discussion

In Switzerland, two direct payment programs, the BTS and the RAUS, exist to promote loose
housing systems and increased lying comfort as well as regular outdoor exercise for animals. The
results of previous experimental studies suggest that the standards set forth by these two schemes
could be reflected in fewer veterinary treatments and a lower insemination rate. The analysis of more
than 21,000 farm observations did not detect an effect on insemination costs for farms participating in
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the RAUS and/or BTS. However, RAUS participation tended to result in lower veterinary costs than
those of non-participating farms and participation in both the BTS and RAUS produced distinct effects
on veterinary costs compared to non-participation or participation in the RAUS program only.

The effects of the two direct payment programs on veterinary and insemination costs was analyzed
by means of a large panel dataset from FADN. In this study, there were substantial differences between
the treatment and control groups, a situation in which conventional linear regression models are
prone to misspecification. The applied combination of linear regression modelling and propensity
score weighting safeguarded against misspecification; however, concerns about the violation of the
conditional independence assumption, that is, the omitted variable bias, cannot be excluded.

The analysis of animal husbandry issues is not the primary concern of the Swiss FADN;
nevertheless, the database offered a complementary view to an experimental design approach by
providing a large sample. The Swiss FADN reports veterinary and insemination costs separately;
however, this is not required by the European Commission. The cost variable SE330 ‘Other
livestock-specific costs’ includes the following cost items: veterinary fees and reproduction costs,
milk tests, occasional purchases of animal products (milk, etc.), costs incurred in market preparation,
storage, marketing of livestock products and so forth [35]. Only a few EU countries and Scotland,
collect data on veterinary and animal medicine costs [23]. Nevertheless, the dataset does have
some limitations. First, the accountancy data were for an entire bookkeeping year; thus there is no
information available, when the veterinary treatments have taken place. Second, the dairying and
breeding enterprise costs were aggregated; therefore, no information was available for the veterinary
and insemination costs per animal. Third, the data on dairying and breeding costs did not distinguish
among calves, dairy heifers and dairy cows. Stärk et al. [36] estimated Swiss yearly veterinary costs for
1993–1994 at CHF 139–144 per dairy cow and CHF 4.18 per calf. The costs for calves seemed negligible
compared to those for dairy cows. Annual veterinary costs were higher in this study (CHF 174 and
CHF 202 per LSU in 2004 and 2014, respectively; Table 2); however, the ratio of the costs associated
with calves and cows can be assumed to have remained similar. Thus, the veterinary costs per LSU
should be caused mainly by the inclusion of cows in the present study. Given the aforementioned
limitations, the use of farm accountancy data and matching methods was appropriate for investigating
the effects of BTS and RAUS participation on veterinary and insemination costs.

Veterinary and insemination expenses are part of the total costs of treating health disorders and
the proportion of costs that they consume varies according to the health disorders on farms [18–20].
Swiss farmers consult veterinarians for almost all reproductive and puerperal diseases. Udder diseases
are the next highest category for which veterinary services are sought. Lameness, however, was treated
by owners in a majority of cases [36]. The important factors in the costs surrounding reproductive
efficiency are the expenses for involuntary culling and the return on milk production; however,
variations in the estrus detection rate and the conception rate have a great effect on economic loss [17].
The estrus detection rate and the conception rate should therefore be reflected in the insemination
costs. It could be argued that the regular outdoor exercise required by the RAUS program or the loose
housing mandated by the BTS program would facilitate estrus detection and enhance the conception
rate because the farmer could more easily observe estrus behavior in untied cows. Furthermore,
access to pasture was shown to be associated with a lower incidence of dystocia [37] and metritis [38].
However, participation in the RAUS and/or the BTS was not found to have an effect on insemination
costs. It might be, as suggested by Inchaisri et al. [17], that the conception rate and estrus detection are
influenced mainly by the dairy farmer’s skills independent of housing conditions.

In contrast, the analysis suggested a weak effect of RAUS participation on veterinary costs.
The yearly LSU costs for farms in the RAUS program tended to be CHF 4.71 lower than those for
non-participating farms. There were differences between the RAUS farms and the standard farms in
the amount of exercise and pasture allowed because of the requirement that all tied cows in Switzerland
be outside in winter and summer. This might explain the lack of a stronger effect on veterinary costs.
Most studies have reported substantial positive effects (e.g. reduction in lameness) of outdoor exercise
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or access to pasture on the health of tied cows in comparison to the outcomes for zero-grazing and
minimal exercise approaches [37,39]. The prevalence of hock lesions was found to decrease with an
increase in outdoor exercise [40].

For farms participating in both the BTS and RAUS programs, the yearly veterinary costs were
CHF 19.32 per LSU lower than those of non-participating farms. This corresponds to a reduction of
almost 10%. The effects of adherence to the BTS standards could not be estimated because of the low
number of farms participating in that program only. However, comparisons of the BTS and RAUS
farms with the RAUS farms allowed for an indirect estimation of the effect of the BTS. Participation in
only the BTS resulted in a yearly cost reduction of CHF 13.54 per LSU. This suggests that participation
in the BTS rather than the RAUS is more beneficial for reducing veterinary costs. Thus, the effects
of the RAUS and BTS are additive because the sum (CHF 4.71 for RAUS and CHF 13.54 for BTS =
CHF 18.25) almost equals the combined effect (CHF 19.32) of BTS and RAUS participation. Although
the BTS and RAUS programs are restricted to Switzerland, these animal husbandry requirements for
the provision of loose housing and increased lying comfort (the main characteristics of the BTS) and
regular access to an exercise yard and pasture (the main characteristics of the RAUS) could be applied
to other dairy farms in Europe with similar housing and management conditions.

Next to meeting some behavioral needs of cattle our results suggest that BTS and RAUS should
also improve animal health. Regula et al. [13] found that participation in the BTS and RAUS programs
could result in fewer injuries and less need for medical treatment, thereby reducing veterinary costs.
The specific BTS and RAUS requirements responsible for reduced costs cannot be determined from
the results of this study. Moreover, the relationship between participation in the RAUS and BTS
programs and veterinary costs did not necessarily result in improved health and welfare. It is possible
that, unobservable effects which could not be controlled for (omitted variable bias), influence both,
the outcome and treatment variables. For example, farmers who participated in the direct payment
programs might have been more profit-orientated than those who did not and therefore focused on
minimizing their veterinary expenditures independent of the animals’ health status (overestimation
of the effect). In contrast, participating farmers could have been especially concerned about their
cattle and therefore used veterinary services more frequently. The result would have been increased
costs despite the health of their livestock being no worse than that of the livestock at other farms
(underestimation of the effect). Furthermore, the relationship between health and veterinary costs
might not be entirely linear but, rather, optimal. Low costs could be related to healthy animals but also
to the non-treatment of animals that need veterinary care. Therefore, the validity of veterinary costs as
an indicator of animal welfare seems to be limited.

In conclusion, the large sample used in this study allowed for analysis that provided evidence of a
substantial reduction in veterinary costs through adherence to the BTS and RAUS standards. Although
a definitive conclusion that these animal welfare standards positively affect animal health cannot be
made, the results of the study suggest that they do.
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Appendix A
Table A1. Aggregated means of farm characteristics regarding veterinary costs: before and after weighting.

Variables Unit

RAUS BTS BTS&RAUS

Treated Control Relative
influence

Treated Control Relative
influence

Treated Control Relative
influenceUnwtd Wtd (Un)wtd Unwtd Wtd (Un)wtd Unwtd Wtd (Un)wtd

Number of farms Number 9784 5178 2783 8316 3627 9784 8316 1792 2783
Size of enterprise LSU 21.19 19.02 17.34 12.21% 31.07 22.56 21.19 26.29% 31.07 20.68 17.34 28.59%

Total assets CHF 100k 7.51 7.30 7.27 3.20% 11.23 8.00 7.51 24.91% 11.23 8.18 7.27 6.60%
Livestock units LSU 26.48 24.05 22.93 4.26% 39.65 28.08 26.48 7.66% 39.65 26.47 22.93 8.48%

Organic farming Dummy 0.12 0.03 0.01 5.01% 0.17 0.15 0.12 4.02% 0.17 0.05 0.01 12.98%
Milk yield per cow Kg 6341.40 6173.68 6130.78 5.94% 6812.70 6406.15 6341.40 7.89% 6812.70 6266.84 6130.78 5.60%

Land size Ha 20.05 18.34 17.96 3.84% 26.23 20.64 20.05 3.78% 26.23 19.67 17.96 4.98%
Share of arable land % 14.34 18.37 20.96 5.13% 18.63 14.39 14.34 2.25% 18.63 19.64 20.96 4.49%

Total animal revenues per LSU CHF 5447.75 5186.84 5018.44 16.90% 5531.55 5467.90 5447.75 1.76% 5531.55 5280.66 5018.44 10.19%
Agricultural education 1, 2, . . . , 5 3.11 3.09 3.12 0.12% 3.42 3.20 3.11 1.03% 3.42 3.19 3.12 0.52%

Agricultural zone 1, 2, . . . , 6 2.83 2.60 2.51 2.25% 2.22 2.68 2.83 1.63% 2.22 2.40 2.51 0.56%
Milk price CHF 0.69 0.68 0.69 2.95% 0.70 0.71 0.69 2.01% 0.70 0.69 0.69 2.03%

Shareholder equity CHF 100k 4.35 4.46 4.76 6.06% 6.07 4.50 4.35 1.25% 6.07 4.72 4.76 1.76%
Share of pasture land % 11.68 8.54 8.25 2.97% 10.82 11.20 11.68 0.74% 10.82 8.89 8.25 1.22%

Concentrate costs per LSU CHF 587.07 528.02 506.10 3.48% 626.33 583.59 587.07 2.79% 626.33 520.90 506.10 1.20%
Stocking rate LSU/ha 1.38 1.39 1.40 3.59% 1.56 1.42 1.38 1.46% 1.56 1.45 1.40 1.22%
Age of farmer Years 47.55 49.02 49.09 2.51% 46.49 47.37 47.55 1.36% 46.49 48.01 49.09 1.94%

Income of secondary occupation CHF 100k 0.21 0.20 0.20 3.07% 0.20 0.21 0.21 1.06% 0.20 0.20 0.20 0.90%
Share of non-familial workforce % 16.84 15.01 14.82 1.49% 24.71 17.10 16.84 1.42% 24.71 17.22 14.82 0.75%

Other direct costs per LSU CHF 266.88 252.36 245.06 4.48% 291.87 272.70 266.88 1.96% 291.87 273.77 245.06 1.44%
Animal purchase costs per LSU CHF 274.40 282.48 307.78 2.59% 258.23 247.41 274.40 1.13% 258.23 253.82 307.78 1.09%

Share of agricultural income % 72.83 72.33 72.27 2.86% 76.33 73.38 72.83 0.93% 76.33 74.88 72.27 0.83%
Years of farm’s existence Years 16.83 18.10 18.41 1.03% 15.99 16.72 16.83 0.92% 15.99 17.34 18.41 1.35%

Agricultural income CHF 100k 0.38 0.35 0.34 3.77% 0.52 0.40 0.38 1.68% 0.52 0.37 0.34 1.18%
Main production Dummy 0.63 0.59 0.55 0.30% 0.58 0.61 0.63 0.09% 0.58 0.54 0.55 0.07%

Source: own calculation based on [21].
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Table A2. Aggregated means of farm characteristics regarding insemination costs: before and after weighting.

Variables Unit

RAUS BTS BTS&RAUS

Treated Control Relative
influence

Treated Control Relative
influence

Treated Control Relative
influenceUnwtd Wtd (Un)wtd Unwtd Wtd (Un)wtd Unwtd Wtd (Un)wtd

Number of farms Number 9769 5234 2779 8306 3600 9769 8306 1816 2779
Size of the enterprise LSU 21.19 19.02 17.34 12.10% 31.07 22.56 21.19 26.78% 31.07 20.69 17.34 28.65%

Total assets CHF 100k 7.52 7.30 7.26 3.19% 11.23 7.99 7.52 24.64% 11.23 8.18 7.26 6.71%
Livestock units LSU 26.48 24.06 22.94 4.27% 39.65 28.08 26.48 7.56% 39.65 26.49 22.94 8.49%

Organic farming Dummy 0.12 0.03 0.01 5.09% 0.17 0.15 0.12 4.04% 0.17 0.05 0.01 13.05%
Milk yield per cow Kg 6342.98 6172.13 6129.79 5.98% 6812.01 6408.86 6342.98 7.85% 6,812.01 6266.03 6129.79 5.57%

Land size Ha 20.05 18.34 17.96 3.84% 26.23 20.64 20.05 3.74% 26.23 19.63 17.96 5.13%
Share of arable land % 14.36 18.41 21.00 5.19% 18.61 14.45 14.36 2.25% 18.61 19.58 21.00 4.35%

Total animal revenues per LSU CHF 5448.40 5186.85 5015.15 17.42% 5542.72 5470.21 5448.40 1.85% 5542.72 5293.80 5015.15 10.22%
Agricultural education 1, 2, . . . , 5 3.11 3.09 3.12 0.13% 3.42 3.20 3.11 1.04% 3.42 3.19 3.12 0.55%

Agricultural zone 1, 2, . . . , 6 2.83 2.60 2.50 2.10% 2.22 2.68 2.83 1.53% 2.22 2.41 2.50 0.54%
Milk price CHF 0.69 0.68 0.69 2.83% 0.70 0.71 0.69 1.98% 0.70 0.69 0.69 1.94%

Shareholders’ equity CHF 100k 4.35 4.46 4.75 5.84% 6.07 4.50 4.35 1.19% 6.07 4.71 4.75 1.61%
Share of pasture land % 11.69 8.56 8.23 2.98% 10.81 11.20 11.69 0.74% 10.81 8.91 8.23 1.16%

Concentrates costs per LSU CHF 587.11 527.61 506.10 3.57% 627.12 584.18 587.11 2.77% 627.12 522.10 506.10 1.16%
Stocking rate LSU/ha 1.38 1.39 1.40 3.64% 1.56 1.42 1.38 1.51% 1.56 1.45 1.40 1.26%
Age of farmer Years 47.55 49.02 49.10 2.49% 46.49 47.36 47.55 1.42% 46.49 48.00 49.10 1.92%

Income of secondary occupation CHF 100k 0.21 0.20 0.20 3.11% 0.20 0.21 0.21 1.04% 0.20 0.20 0.20 0.88%
Share of non-familial workforce % 16.84 14.99 14.81 1.49% 24.71 17.13 16.84 1.40% 24.71 17.20 14.81 0.67%

Other direct costs per LSU CHF 267.00 252.97 245.17 4.36% 292.15 273.49 267.00 2.00% 292.15 273.49 245.17 1.50%
Animal purchase costs per LSU CHF 274.57 283.26 307.76 2.59% 258.52 247.77 274.57 1.09% 258.52 254.10 307.76 1.11%

Share of agricultural income % 72.85 72.17 72.28 2.75% 76.32 73.41 72.85 0.91% 76.32 74.69 72.28 0.81%
Years of farm’s existence Years 16.83 18.09 18.41 1.05% 16.00 16.72 16.83 0.93% 16.00 17.33 18.41 1.39%

Agricultural income CHF 100k 0.38 0.35 0.34 3.68% 0.52 0.39 0.38 1.65% 0.52 0.37 0.34 1.25%
Main production Dummy 0.63 0.59 0.55 0.31% 0.58 0.61 0.63 0.08% 0.58 0.54 0.55 0.08%

Source: own calculation based on [21].
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