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Reviews of retrospective calculations of economic losses due to mastitis (e.g., 
Schepers and Dijkhuizen, 1991; Halasa et al., 2007) clearly show that mastitis has a 
great economic impact, although there has been a great variation in economic 
losses calculated in different studies. Mastitis, an inflammation of the mammary 
gland, is mainly caused by bacterial infections that can result in an elevated 
somatic cell count, coincides with decreased milk production, and leads to 
decreased raw milk quality. Mastitis is a multifactorial disease. As such, its 
incidence depends on exposure to pathogens, effectiveness of (udder) defence 
mechanisms, and presence of environmental risk factors, as well as interactions 
between these factors. Cows with mastitis can have clinical signs (clinical mastitis) 
or no clinical signs (subclinical mastitis). Costs of mastitis can be divided in 
different categories, including: milk production losses, drugs, discarded milk, 
veterinarian, labour, milk quality, culling, and occurrence of other diseases (Gill et 
al., 1990; Schepers and Dijhuizen, 1991; Halasa et al. 2007). These factors cause 
large variation in the economic losses of mastitis on farm level. Losses are smaller 
in low input production systems than in more intensive systems (McInerney, 1996). 
Additionally, the economic consequences of, e.g., production losses, differ between 
farms. The potential economic importance of diseases such as mastitis is, therefore, 
not uniform across farms, regions or countries, and control measures justified in 
one context may not be economically worthwhile in another (McInerney, 1996). To 
improve economic decisions in mastitis management, insight in the farm-specific 
costs and farm-specific effects of management measures is necessary; currently this 
information is not available. 
 
Animal health economics 
Improving udder health can play a major role in achieving efficient and 
economically rewarding milk production. Economics, as a science, primarily deals 
with the allocation of scarce resources (land, labour, and money) and as such deals 
with decision making, in which money is only one of the elements. Animal health 
economics, therefore, can be described as the discipline that aims to provide a 
framework of concepts, procedures, and data to support the decision making 
process in optimizing animal health management (Dijkhuizen, 1992). The 
provision of appropriate information is of importance to be able to make good 
decisions. To supply appropriate (in terms of quantity, quality, and form) and 
timely information, data need to be collected, analysed, and presented to decision 
makers. Only data that can be processed into information and that can be used by 
the decision maker (or their advisor) are of value (Bennett, 1992). A number of 
‘economic’ quantitative modelling techniques have been developed to help 
decision makers to make appropriate choices in livestock health and disease-
control strategies. Amongst others, mathematical programming, network analysis, 
decision analysis, simulation, and cost-benefit analysis, all have been applied to 
livestock disease-control decisions (Bennett, 1992). With regard to animal health 
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economics, two main trends have been described. One is dealing with decision 
support based on cost-benefit analyses, the other with the magnitude of disease-
induced economic losses. Such techniques are ‘economic’ to the extent that they 
consider the allocation of resources (i.e., to decide on different disease-control 
strategies) (McInerney et al., 1992; Pritchett et al., 2005).  
 
Animal health economics, also on udder health, is a decision supporting science, 
based on a decision making function of evaluating and choosing between 
alternative strategies. A theoretical presentation of the decision making process is 
the so-called management circle. This management circle describes the process 
from evaluating the current situation, setting goals, execute action, and collect data 
(Figure I).  
 
 

 
Figure I. Theoretical management circle. 
 
 
As a first step in deciding which management measure will be best to implement 
on a farm, the current situation of the farm should be evaluated. When the current 
status is evaluated, it is important to set realistic goals. In this goal-setting farm(er) 
characteristics as well as biological aspects have to be taken into account. In 
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addition to the goal-setting, for the costs of mastitis it is important to know which 
measures are available, what their efficacy is and what their associated costs are. 
This can help in deciding which management measures to implement. After goals 
are set and a decision is made about the management measure to be adopted to 
reach that goal, the measures will be executed. Then, after some time, data have to 
be collected and analysed to judge whether the management measure has the 
desired effect. If so, continue the current management and keep monitoring, if not, 
analyze the problem and adapt the management or the goals. Finally, if you are 
satisfied it is, possible to set more ambitious goals. 
 
Irrational behaviour, motivation and preferences 
Oude Lansink et al. (2001) showed that in Dutch greenhouse horticulture, firm-
operator and firm-family related characteristics play an important role in 
investment decision making. Until now, little knowledge is available on the 
significance of differences in preference for management measures related to udder 
health. Traditionally, cost-benefit analyses have been used to improve the adoption 
rate of control measures. In these analyses, different cost factors such as long term 
investments, short term investments, labour, and changing of routines are 
transferred to a comparable monetary value. Different farmers will have different 
preferences for different costs factors, which will influence their decision on 
adoption of management measures. This preference can be in a way ‘rational’ 
because of the portfolio problem. The portfolio problem deals with the fact that 
there is a limited amount of money available. Spending it on a management 
measure to improve mastitis, means that something else (e.g., a management 
measure to improve another disease status) can not be done. Choices on limited 
resources have to be made and therefore sometimes become rational. Additionally, 
some constraints, for example labour, can be perceived as much more important by 
one farmer then by another.  
 
Mastitis management is known as one of the fields where farmer decision making 
deviates from recommendations based on rational standard-economic models and 
is often contrary to advices given by veterinarians and other advisors. Motivational 
factors, internal and external, can be identified and explained by using field data in 
socio-ecological models developed from behavioural science, and can drive 
farmers to change their management or not (Ellis-Iversen and Hogeveen 2009; 
Lam et al. 2007). Economic losses due to mastitis can be seen as part of the 
internal motivation. A farmer who knows that mastitis causes production 
inefficiencies and extra costs, can be motivated to take action in relation to mastitis 
prevention, even if his farm is not even near a possible penalty level. Farmers’ 
attitudes partly explain differences in mastitis incidences between farms (Jansen et 
al., 2008; Valeeva et al. 2007). Decisions are often based on the farmer’s 
perception of the economic losses due to mastitis. Perception refers to what a 
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farmer thinks the economic losses of mastitis are on his farm. The farmers’ 
perception can deviate from the actual economic losses. It is unknown how large 
this deviation is, and the need for farm specific calculations is therefore also 
unknown.  
 
Evidence based advice 
In daily practice advices on management measures often are intuitively based. As a 
consequence farmers sometimes get contradicting advices from different advisors 
leading to frustration among farmers and a low adoption rate of management 
measures. Literature on the efficacy of management measures, mostly gives 
general values which are not applicable for a farm specific situation. Additionally, 
for most farmers and advisors it is not feasible to summarize all studies and effects 
found to get an overview of the efficacy of the management measures in relation to 
the accompanying costs. Although economic consequences of management 
measures are a very important aspect of good advice and decision support, they 
often are disregarded. The fact that no adequate tools are available to get insight in 
the economic consequences of mastitis and mastitis management is one of the 
reasons for this and causes the fact that a lot of advice is intuitively based. 
Quantitative data on continuous variables are usually a prerequisite for sound 
decision making. Preferably, such data are derived from field studies and 
experiments. These data, however, often are not available or are incomprehensive, 
unreliable, and/or are only indirectly or not at all applicable. This results in 
knowledge that is incomplete for decision making purposes. In such situations, 
expert judgement is a way to complete the required knowledge (Seabrook, 1984).  
 
 
Objectives  
To improve decision support at farm level, insight in the farm-specific costs and 
farm-specific effects of management measures is necessary. Currently, this 
information is not available. The main objectives of this thesis were to calculate 
costs of mastitis to determine economic efficiency of management measures, and to 
obtain insight in the economic decision making behaviour of dairy farmers with 
respect to mastitis management. To reach these objectives, several studies were 
conducted:  
 

• A calculation of the costs of mastitis, both for a Dutch default situation as 
well as for individual farms (chapter 2). In this study, perception of farmers 
on the costs of mastitis was included.  

 
• Development of methods for optimizing decision making, a study to gain 

more insight in the economic decision behaviour of farmers (chapter 3), 
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and an analysis of the preferences of farmers for different cost factors 
(chapter 4).  

 
• Determination of costs and benefits is carried out in chapter 5, by 

calculating the cost-efficacy of the most important mastitis management 
measures.  

 
• Farm level variation in costs and benefits of mastitis management is 

explored in chapter 6.  
 

• Finally in chapter 7 critical points from the earlier studies as well as 
concerns that have not been discussed throughout the earlier chapters are 
brought up and discussed. This chapter finishes with conclusions based on 
the work presented in this thesis and recommendations for future research.  
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ABSTRACT 
 
A model to calculate the economic losses of mastitis on an average Dutch dairy 
farm was developed and used as base for a tool for farmers and advisors to 
calculate farm-specific economic losses of mastitis. The economic losses of a 
clinical case in a default situation were calculated as €210, varying from €164 to 
€235 depending on the month of lactation. The Total economic losses of mastitis 
(subclinical and clinical) per cow present in a default situation varied between €65 
and €182/cow per year depending on the bulk tank somatic cell count. The tool was 
used to measure perception of the total economic losses of mastitis on the farm and 
the farmers’ assessment of the cost factors of mastitis on 78 dairy farms, of which 
64 were used for further analyses. Most farmers (72%) expected their economic 
losses to be lower than those revealed by our calculation made with their farm 
information. Underestimating the economic losses of mastitis can be regarded as a 
general problem in the dairy sector. The average economic losses assessed by the 
farmers were €78/cow per year, but a large variation was given, €17–€198/cow per 
year. Although the average assessment of the farmers of the different cost factors is 
close to the default value, there is much variation. To improve the adoption rate of 
advice and lower the incidence of mastitis, it is important to show the farmers the 
economic losses of mastitis on their farm. The tool described in this paper can play 
a role in that process.  
 
Keywords: Economic losses, costs, mastitis, perception, farmers. 
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INTRODUCTION 
 
Reviews of past calculations of the economic losses of clinical mastitis (Schepers 
& Dijkhuizen, 1991; Halasa et al. 2007) clearly show that mastitis has a great 
economic impact, and that there has been a great variation in the economic losses 
calculated in different studies. Most studies used one or more cost categories in 
their calculation. Only a few calculated all costs categories including: milk 
production losses, drugs, discarded milk, veterinarian, labour, milk quality, culling 
and occurrence of other diseases (Gill et al. 1990; Schepers & Dijkhuizen, 1991; 
Halasa et al. 2007). Yet these factors cause large variation in the economic losses 
due to mastitis. This is important because the loss concept must be seen as a 
relationship, not a number. Losses are smaller under low-input production methods 
than under more intensive systems. Moreover, the economic consequences of, e.g., 
production losses differ between farms. The potential economic importance of 
disease is therefore not uniform across farms, regions or countries, and control 
measures justified in one context may not be worthwhile in another (McInerney, 
1996).  
 
Because in general mastitis will cost farmers money, most farmers want to reduce 
the incidence of mastitis. To do so, farmers need to optimize mastitis management. 
Internal or external motivation to reduce mastitis drives farmers to change 
management (Lam et al. 2007). An important part of external motivation is the 
financial impulse from penalties and bonuses (Schukken et al. 1992; Valeeva et al. 
2007). The economic losses of mastitis are a part of the internal motivation. A 
farmer who knows that mastitis causes production inefficiencies and extra 
additional costs can be motivated to act on mastitis prevention, even if his farm is 
not even near the penalty level (Valeeva et al. 2007). 
 
As a prerequisite, information on the actual incidence of mastitis and the associated 
economic losses are important. Decisions are often based on the farmer’s 
perception of the economic losses due to mastitis. Perception refers to what a 
farmer thinks the economic losses of mastitis are on his farm. The farmer’s 
perception can deviate from the real situation. It is unknown how large this 
deviation is, and therefore the need for farm-specific calculations is also unknown. 
Because communication and understanding between farmers and their advisors is 
very important (Vaarst et al. 2002) personalization of the situation is essential to 
the successful giving and receiving of advice and to achieving best practice for the 
farmer (Lam et al. 2007).  
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Because of the factors mentioned above (non uniformity across farms, motivation 
and personalization) farm-specific calculations are necessary (Hogeveen & 
Østerås, 2005) and a flexible tool to calculate the economic losses of mastitis for a 
farm, taking into account the specific mastitis situation and production 
circumstances on the farms is therefore important.  
 
The objectives of this paper were to describe a model developed to calculate the 
economic losses of mastitis and describe the use of the tool based on this model to 
calculate the farm-specific economic losses of mastitis; to show the economic 
losses of mastitis for the average Dutch situation and individual dairy farms; and to 
compare the economic losses of mastitis of specific dairy farms with the perception 
of the farmer.  
 
 
MATERIALS AND METHODS 
 
A model to calculate the farm-specific costs of mastitis and a tool based on this 
model were developed. The tool was developed in Visual Basic, Express Edition 
2005 in such a way to enable farmers and their advisors to use all available 
information at the farm and to use the best available estimates when farm-specific 
information was lacking. These default values were based on scientific literature, 
available Dutch data (collected by the Dutch Udder Health Centre) and the 
expertise of the authors. The tool has a user friendly interface and large flexibility. 
If much information on factors such as the incidence and distribution of pathogens 
is known, this can be entered. If much of this information is not known, default 
(‘our values’) settings can be used. The current version of the tool is available in 
Dutch on the internet site of the Dutch Udder Health Centre (www.ugcn.nl) or in 
English from the authors.  
 
Default calculation of the economic losses of mastitis  
The set up of the model and the default values used for the default calculation of 
the economic losses of mastitis are given in Figure I. The calculation structure is 
based on the framework described by Halasa et al. (2007). The total economic 
losses of mastitis can be disaggregated into: milk production losses, split up 
between clinical and subclinical mastitis, drugs, discarded milk, veterinarian, 
culling, labour and penalties. These cost categories are dependent on the number of 
clinical and subclinical cases and the pathogens involved. In the Dutch situation, it 
is safe to assume an annual incidence of 30 clinical mastitis cases per 100 cows. 



 
Fig. I. Flow chart of the calculated costs of mastitis where default values are given between brackets and with farm situation input ( ), calculations 
( ), and output ( ). 
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These clinical mastitis cases were distributed over different mastitis causing 
pathogens, namely Staphylococcus aureus (20%), coliforms (30%), Streptococcus 
dysgalactiae (15%), Streptococcus uberis (20%), or other (15%) (Barkema et al. 
1998; de Haas et al. 2002; Gröhn et al. 2004).  
 
Production losses 
In the default calculation a mean 305-d milk production of 8500 kg/cow (NRS; 
www.nrs.nl) was assumed. The effect of clinical mastitis on the degree of milk loss 
varies, depending on the stage of lactation when the disease occurred (Lucey & 
Rowlands, 1984) and the pathogens involved (Gröhn et al. 2004). Therefore, the 
cases were distributed over 9 months of lactation. According to default values, 30% 
of the cases occur in month 1, 15% in month 2, 13% in month 3, 10% in month 4, 
9% in month 5, 8% in month 6, 6% in month 7, 5% in month 8 and 4% in month 9 
(de Haas et al. 2002). The clinical cases cause production losses, varying between 
the time of occurrence during lactation between 8% (month 1) and 1% (month 9), 
with an average of 5%. Total production losses due to clinical mastitis were 
calculated by multiplying the cases per month with the associated production losses 
per month. In the default calculation, it was assumed that Staph. aureus mastitis 
caused more production losses than other pathogens. If the number of Staph. 
aureus mastitis cases was higher than default, the production losses were estimated 
to be 1% higher. If the number of Staph. aureus mastitis cases was lower, the 
production losses were estimated to be 1% lower.  
Subclinical mastitis (defined as cows with an increased somatic cell count, SCC) 
cause economic losses because of production losses. A SCC below 50,000 cells/ml 
classifies a cow as being normal (Schepers et al. 1997). Every doubling of the SCC 
above 50,000 cells/ml results in a milk production loss of 0.4 kg milk/d for 
primiparous cows and 0.6 kg milk/d for multiparous cows (Hortet & Seegers, 
1998). Using the input of the farms bulk tank somatic cell count (BTSCC), a farm 
was assigned to one of five BTSCC groups. For every group of BTSCC, individual 
animals were assigned to different groups of SCC (Table I). Assignment to groups 
of SCC was based on information from a large set of data of the individual SCC of 
cows in the Netherlands (Van den Borne et al. 2006).  
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Table I: Distribution of the percentage of animals over SCC-groups for different BTSCC  
 

 BTSCC 

Individual SCC (x1000 cells/ml) <100 >=100 <200 200-250 >=250 <400 >=400 

0-50 80 32 29 16 - 

50-100 16 33 30 17 - 

100-150 2 15 14 10 1 

150-200 1 8 8 5 2 

200-250 1 7 5 6 3 

250-300 - 3 3 8 5 

300-350 - 1 2 10 8 

350-400 - 1 2 13 15 

>400 - - 8 15 66 

 

The costs of production losses were set at €0.12/kg in the default situation (Huijps 
& Hogeveen, 2007). These costs consist of the marginal costs of feed, water, 
manure, bedding material, health and breeding costs, corrected for additional 
revenues for calves and meat, needed to keep more cows to fulfil a yearly milk 
quota. In the Netherlands, most farmers fulfil their quota, so in the default 
calculation the fulfilment of the quota was used as an assumption. When milk is 
discarded, these costs were higher because of the feed costs and are estimated to be 
€0.17/kg. The costs of a decreased milk production per cow under quota 
circumstances depend on the farm situation and are therefore difficult to estimate. 
To make it easier to estimate the farm specific costs of production losses, four 
different farm types were given, with corresponding default costs. Besides these 
four choices, farmers could enter their own value. 
 
Other cost factors  
Because of treatment of a clinical case, milk has to be discarded during the 
treatment days and waiting time. We assumed that milk had to be discarded for 6 d 
(based on a typical 3-d treatment and 3-d withholding period). Based on the 
average 305-d production and the month in lactation, the daily production was 
calculated. It was assumed that for 5% of the clinical cases a veterinarian would be 
consulted, with visit costs of €20 (excluding drugs). Costs for drugs were 
associated with every clinical mastitis case and were set at €20 per case. Every 
clinical mastitis case will take a farmer on average 45 min to treat for an hourly 
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rate of €18. In a default situation, 15% of the cows with clinical mastitis were 
expected to be culled with average culling costs of €480 per culled cow. These 
culling costs include all costs and benefits of culling a cow (slaughter price, 
replacement costs and retention pay off). When, in a specific situation, a farmer 
receives a penalty, the milk has to be discarded for €0.0045/penalty point per kg 
milk delivered. However, in the default calculation, it is expected that no high 
BTSCC occurs so no penalties for high BTSCC were given.  
 
Farm-specific calculations of the economic losses of mastitis 
Farmers had access to the tool during 3 open-door days at dairy farms, organized 
by the Dutch Udder Health Centre. During these 3 d, 78 farmers used the tool to 
calculate the economic losses of mastitis for their farm (farm-specific calculation). 
While using the tool, the farmers had no access to any farm data except their own 
assessment of these data. First, they were questioned about their expectation of the 
annual economic losses for mastitis on their farm. This question was used to 
measure their perception of the economic losses of mastitis. Next, they could 
perform calculations of the economic losses of mastitis on their farm using the tool 
described earlier. This information was used for the farm-specific calculation of the 
economic losses for mastitis. During the calculation, one of the authors was nearby 
to offer assistance when necessary.  
 
Statistical analysis 
Data were analysed with SPSS 12.0.1 for Windows (SPSS Inc., Chicago IL, USA). 
With descriptive statistical analyses, the minimum, mean, maximum and SD for the 
different cost factors were calculated. After this, the expected economic losses per 
cow were plotted against the calculated economic losses per cow. Farmers were 
divided in two different groups, based on the deviation between expected and 
calculated economic losses per cow. Farmers in group 1 were farmers whose 
perception was close to the real economic loss (+/–25%) (good estimators) and 
group 2 were farmers who underestimated the economic losses by >50% 
(underestimators). With an independent sample t- test, the differences between 
these groups for economic factors (e.g. costs production losses, visit costs) and 
parameters on mastitis incidence and production effects (e.g. clinical mastitis 
incidence, BTSCC, nr animals culled) were analysed.  
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RESULTS 
 
The default economic losses for a clinical mastitis case were €235 for month 1, 
€225 for month 2, €204 for month 3, €194 for month 4, €184 for month 5, €174 for 
month 6, €168 for month 7, €166 for month 8, and €164 for month 9. Under default 
circumstances, this resulted in €210 per average clinical mastitis case. The 
economic losses caused by subclinical mastitis per cow present on a farm, with an 
average production of 8,500 kg/cow, were for a BTSCC <100,000 cells/ml, €53; 
for a BTSCC between 100,000cells/ml and 200,000 cells/ml, €72; for a BTSCC 
between 200,000 cells/ml and 250,000 cells/ml, €77; for a BTSCC between 
250,000 cells/ml and 400,000 cells/ml, €94; and for a BTSCC >400,000 cells/ml, 
€120. Total economic losses (clinical and subclinical cases) for a default farm of 65 
cows varied from €114/cow per year on a farm with a BTSCC <100,000 cells/ml to 
€182/cow per year on a farm with a BTSCC >400,000 cells/ml. On farm level, this 
means a variation in economic losses between €7,453 and €11,808. Economic 
losses for subclinical mastitis were estimated to be higher than for clinical mastitis. 
Production losses accounted for 36% of the economic losses of clinical mastitis, 
100% for subclinical mastitis, and for 71% of the total economic losses for 
mastitis. Culling cost was the other factor accounting for a large part of the total 
economic losses (16%). Penalties (0%) and veterinarian (1%) have only a small 
influence on the total economic losses (Table II). 
 
Perception and assessment by farmers and farm specific calculation  
Data from 64 of the 78 farmers was used for statistical analyses. The other data 
were incomplete or filled in twice by the same farmer. If data were collected twice 
for the same farmer, the second data set was deleted from the analysis. Table II 
shows the descriptive statistics of the economic values and Table III shows the 
descriptive statistics of the general information collected from farmers. The mean 
value of the farmers was, in general, close to the default value. However, there was 
a large variation between farms.  
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Table II: The values used for the calculation of the yearly economic losses of mastitis (in € per cow 
per year) for a farm with 65 cows for the different factors for clinical, subclinical, and all mastitis 
under default circumstances and a bulk tank somatic cell count of 200,000 cells/ml and the mean, 
minimum (5%), maximum (95%), and standard deviation (Std.) of economic parameters from Dutch 
commercial dairy farms (n=64). 
 
  Farm specific 
Input Default Mean Min Max Std. 
Expected economic 
losses/cow (€/cow/year) 

- 52 0 (7.5) 161.3 
(117.7) 

35.8 

Costs milk production 
losses (€/kg) 

0.12 0.07 0 (0.03) 0.12 (0.10) 0.03 

Visit costs (€/visit) 20 24 0 (0) 100 (67.8) 22.2 
Drug costs (€/treatment) 20 33 5 (17.5) 110 (73.5) 20.7 
Value labour (€/hour) 18 19 0 (0) 200 (30) 24.3 
Culling costs (€/culled 
case) 

480 383 0 (0) 750 
(542.5) 

179.4 

Results Sub. Clin. Tot.     
Production losses 
subclinical (€/cow/year) 

77 - 77 36 0 (6.8) 105 (72.4) 16.2 

Production losses clinical 
(€/cow/year) 

- 23 23 10 0 (2.5) 32 (22) 5.3 

Veterinarian (€/cow/year) 0 0.3 0.3 0.6 0 (0) 3.9 (2.5) 0.6 
Drugs (€/cow/year) 0 6 6 10.6 1 (3.5) 37.7 (26.7) 5.4 
Discarded milk 
(€/cow/year) 

0 9 9 7.9 2.1 (2.5) 21.9 (17.9) 3.9 

Culling (€/cow/year) -1 22 22 17.9 0 (0) 86.4 (46) 12.7 
Penalties (€/cow/year) 0 0 0 0.30 0 (0) 3.8 (2.4) 0.5 
Labour (€/cow/year) 0 3.3 3.3 3.8 0 (0) 19.0 (15) 2.8 
Total economic 
losses/cow (€/cow/year) 

77 63 140 78 17.3 
(31.4) 

198.2 
(153.8) 

38.3 

1Under default circumstances we assume no extra culling because of subclinical mastitis. All culling 
cases are included in the clinical mastitis factor. 
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Table III: The values used for the calculation of the economic losses of mastitis for a farm 1with 65 
cows for the different factors and the mean, minimum (5%), maximum (95%), and standard deviation 
(Std.) of parameters on mastitis incidences and production effects from Dutch commercial dairy farms 
(n=64). 
 
  Farm specific 
 Default Mean Min Max Std. 
Nr cows 65 83 28 (45) 160 (140) 29.6 
Quota (kg) 650,000 702,621 195,000 

(370,000) 
1,500,000 

(1,200,000) 
273,253 

Clinical mastitis incidence (%) 30 29.0 6.4 (10.2) 100 (58) 15.9 
Production losses (%) 5 7.5 0 (3) 12 (10) 1.8 
Vet visits (%) 5 4.7 0 (0) 23.68 (18) 6.1 
Treatment time 
(min/treatment) 

45 39.6 6 (10) 150 (77) 24.0 

Waiting time (days) 6 6.5 1.5 (4) 14 (10) 1.9 
Nr subclinical (%)  21.4 0 (4) 70 (50) 15.0 
Nr culled (%) 5 3.1 0 (0) 15 (8) 2.9 
BTSCC (cells/ml) 200,000 178,484 60,000 

(101,000) 
300,000 

(250,000) 
51,247 

 
 
Farmers valued the costs of production losses and culling costs on average lower 
than the default value, while the costs for veterinary visits, drugs, and labour were 
valued somewhat higher. On average, the assessed economic losses of mastitis 
(€78/cow per year) were lower than the default economic losses (€140/cow per 
year). Between farms there was a lot of variation. The minimum was €17/cow per 
year and the maximum was €198/cow per year. Expected economic losses per cow 
in relation to the calculated economic losses per cow are plotted in Fig. II.  
 



CHAPTER 2 
 
 

 28

0

20

40

60

80

100

120

140

160

180

200

0 20 40 60 80 100 120 140 160 180 200
Expected costs per cow per year (€) 

C
al

cu
la

te
d 

co
st

s p
er

 c
ow

 p
er

 y
ea

r (
€)

 
Fig. II. Expected economic losses per cow per year vs. the calculated economic losses per cow per 
year for the good estimators ( ) and the underestimators ( ).  
 
 
It can be seen that most farmers underestimated the economic losses of mastitis on 
their farm. Five farmers estimated their economic losses of mastitis quite precisely. 
There were 31 farmers who had a deviation between the expected and calculated 
economic losses of mastitis of not more then 25% and 33 farmers who 
underestimated the economic losses by >25%. There were no farmers who 
overestimated the economic losses by >25%. Differences in the costs factors 
between the under estimators and good estimators are given in Table IV.  
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Table IV: Values for the economic factors and parameters on mastitis incidence and production 
effects for the group who estimated the economic losses of mastitis well (good estimators) and the 
group who underestimated the economic losses with >50% (underestimators) with significant 
differences (P<0.05) indicated with *. 
 
Factor Good estimators Underestimators P-value 

 Mean Std.  
Deviation Mean Std.  

Deviation  

Economic factors      

Costs milk production losses (€/kg) 6.9 2.8 8.0 2.1 0.065 

Visit costs (€/visit) 26 23 20 21 0.350 

Drug costs (€/treatment) 34 19 32 23 0.757 

Value labour (€/hour) 20 34 17 9 0.620 

Culling costs (€/culled case) 354 180 409 177 0.224 
Parameters on mastitis incidence 
and production effects      

Nr cows 84 35 82 24 0.056 

Quota (kg) 725,967 316,387 680,690 228,327 0.512 

Clinical mastitis incidence (%) 27 14 31 17 0.405 

Treatment time (min) 40 22 40 26 0.918 

Waiting time (days) 6.6 1.8 6.4 2.0 0.718 

Nr subclinical (%) 20 15 22 15 0.524 

Nr culled (%) 14 13 14 10 0.328 

BTSCC (cells/ml) 162,096 46,917 193,879 51,012 0.012* 

 
 
There was a significant difference between the two groups for the BTSCC 
(P=0.012). The good estimators had a significantly (P=0.012) lower BTSCC than 
the underestimators. For costs of milk production losses, the good estimators 
indicated to have lower costs (€0.069/kg milk) than the underestimators (€0.080/kg 
milk), but this difference was not significant (P=0.065). 
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DISCUSSION 
 
When advisors are discussing the economic losses of mastitis, they usually work 
with the average economic losses of clinical mastitis. Many of the current available 
tools are also based on average economic losses, and only take into account the 
farmer’s registered number of clinical mastitis cases. The tool described in this 
paper works on farm-specific information to calculate the economic losses of 
mastitis. However, also in this tool simplifications have been made. Not enough 
data are available to be able to calculate the economic losses of mastitis, based on 
the production function with and without the disease (McInerney, 1996), which 
would be the best way to do it.  
 
The model assumes that a cow gets only one clinical mastitis case, so repeated 
cases are not taken into account while this can have an effect on the milk 
production losses (Bar et al. 2007). Moreover, clinical cases followed by a high 
SCC are only included as a single clinical case. The production losses for clinical 
cases include the fact that some cases are followed by a high SCC and some are 
not. Another simplification was made regarding the production losses. The 
production losses caused by subclinical mastitis are calculated based on the 
BTSCC. It would be more realistic to base this on the individual SCC of the cows 
present at a farm, but then farmers have to fill in too many input values. One would 
need all individual cow data, preferably over time. Only with an automated link to 
records of the dairy herd information association, would it be practical to include 
individual SCC. Although not perfect, the model on which the tool is based does 
include the most important factors that contribute to the economic losses. We chose 
deliberately to simplify calculations, so that all farmers and their advisors could 
make a farm-specific calculation of the costs of mastitis in a reasonable time.  
 
Labour is a difficult factor to take into account. The problem with quantifying 
labour is in determining an hourly price. In agriculture, opportunity costs are rather 
small, especially for the few hours working with a mastitis case. However, the 
work associated with mastitis is regarded as annoying (Kuiper et al. 2005). 
Therefore, in the default calculation labour was included as a cost factor of €18/h. 
To lower temporarily the BTSCC, culling of some subclinical cows is a common 
practice. Under default calculations we assumed no extra culling because of 
subclinical mastitis. All culling costs are included in the clinical mastitis culling 
factor. Finally, the costs of prevention of mastitis are not included. We assume that 
prevention measures present on a farm will be beneficial overall. The economic 
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losses of the remaining mastitis cases are calculated and that information will be 
used for further decision making. 
 
To support decisions, insight into what is going on at a particular farm is very 
important. It is very difficult to make good decisions when this starting point is 
unclear. In this study, we estimated economic losses based on farmers’ assessment 
of the situation. The sample of 78 farmers, who were users of the tool, is probably 
not representative for the general population of dairy farmers, but they were 
farmers already interested in better mastitis control. This could be because they 
have mastitis problems or because they were very motivated to further improve 
their situation. The default values used to calculate the average economic losses of 
mastitis agreed with the averages given by the farmers, but the variation in the 
different cost factors as given by the farmers was large. As a consequence there 
was a large variation between farms in the economic losses of mastitis (€17–
€198/cow per year). It is therefore shown that a farm-specific calculation is 
necessary to assess the economic losses of mastitis.  
 
By giving the farmers a default value, there is a risk of framing them (Tversky et 
al. 1986). This will especially occur with questions which are difficult to estimate. 
The large variation and the high maximum and low minimum values show that 
farmers who have an opinion on the input factors were not framed and they chose 
to use their own value. The minimum value given by the farmers for the expected 
economic losses per cow, costs of production losses, visit costs of the veterinarian, 
labour costs and culling costs was zero. The value of zero for labour (n=5) can be 
explained by the fact that some farmers valued their opportunity costs as zero. For 
the costs of milk production losses, only one farmer valued it as zero. This farmer 
might exceed his quota. The other farmers valued the costs of production losses 
between €0.01 (1 farmer) and €0.12/kg milk. Eighteen farmers valued visit costs as 
zero but all of these farmers indicated they had no veterinary visits. So probably 
they valued this as zero because they did not have visit costs. For culling costs, six 
farmers valued this as zero; five of them indicated not to have culled animals 
because of mastitis. One farmer culled one cow with zero culling costs. One farmer 
indicated to have zero expected economic losses from mastitis.  
 
Based on the model used in this study, the default economic losses of mastitis are 
€140/cow per year. The majority of these economic losses are caused by 
subclinical mastitis (55%). On average the farmers assessed the economic losses of 
mastitis at €78/cow per year. Also in the farmers’ assessment, the majority of the 
economic losses were caused by production losses of subclinical mastitis (46%). 
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The lower assessment of the economic losses is mainly caused by a lower value of 
less produced milk (€0.12 v. €0.07/kg milk). Only a small proportion of farmers 
(8%) estimated the economic losses of mastitis correctly. The perceptions of these 
farmers were reliable estimates of reality. Some farmers (20%) overestimated the 
economic losses but most farmers (72%) underestimated them.  
 
Between the groups there were no significant differences between technical factors 
such as the number of clinical cases and number of treatments. The only exception 
was BTSCC, which was significantly higher in the large underestimators compared 
with the good estimators (P=0.012). This is an indication that the production losses 
caused by high SCC were difficult to estimate. The losses due to a high BTSCC 
can be regarded as invisible losses. It is therefore a hidden cost or lost opportunity 
income. Dependent on the efficacy of a farm, these economic losses may be 
different between farms. Also for cows with clinical mastitis, milk production 
losses are a hidden cost because these cows often are higher-producing cows before 
contracting the disease, and thus they can produce more, even after having 
contracted the disease, than their healthy, lower-producing herd mates (Gröhn et al. 
2004). The culling costs were not significantly different between the groups but a 
large variation can be seen. The exact culling costs consist of many factors 
(expected net present value of returns) (Stott et al. 2002) and are difficult to 
estimate. An economic factor with an important difference between the 
underestimators and the good estimators is the cost of production losses. This was 
not significant (P=0.065) but was still quite large. Farmers who had little deviation 
between the estimated and calculated economic losses of mastitis indicated to have 
lower costs of production losses. This might indicate that these farmers have made 
some ‘unreal’ calculations by using lower costs of production losses. When this is 
the case and they then used the ‘real’ costs of production losses, they would have 
underestimated the economic losses as well. The main weakness of this analysis is 
that if the farmers use unrealistic (high or low) inputs in their calculation, then the 
differences between their ‘expected’ and ‘calculated’ economic losses can be very 
low although the ‘real’ difference can be very high.  
 
The adoption rate of advice given to farmers about reducing the incidence of 
mastitis is currently quite low (Lam et al. 2007). The possibility of calculating the 
economic losses of mastitis accurately by advisors and accounting for the farmer’s 
perception and assessment of cost factors (Hogeveen & Østerås, 2005) will 
improve this adoption rate.  
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In conclusion, under default Dutch circumstances mastitis costs €140/cow per year. 
Although the average assessment of the farmers of the different cost factors is close 
to the default value, there is a large variation and most farmers underestimate the 
economic losses of mastitis on their farm. To improve the adoption rate of advice 
and lower the incidence of mastitis, it is important to show the farmers the true 
economic losses of mastitis on their farm, and the tool described in this paper can 
play a role in that process. 
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ABSTRACT  
 
This study analyses the presence of sub-optimal economic behaviour in decision 
making of Dutch dairy farmers regarding measures against mastitis. Farmers who 
already had implemented a specific management measure were more likely to 
continue doing this than farmers who applied a different management regime, 
regardless of the availability of more effective or lower-cost alternatives. 
Additionally, results showed that farmers were more sensitive to penalties rather 
than bonuses aimed at stimulating desired behaviour. A low adoption rate and low 
level of compliance with advice given to the dairy industry suggests the presence 
of inertia.  
 
Keywords: economic behaviour, animal health economics, endowment effect, 
gain-loss disparity, decision support 
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INTRODUCTION 
 
An important assumption in the standard neo-classical economic model is whether 
a decision maker is pursuing maximization of utility subject to constraints. Rational 
behaviour assumes that the decision maker perfectly defines the problem, identifies 
all criteria, weighs these criteria, generates alternatives, rates each alternative on 
each criterion, and computes the optimal decision (Bazerman, 2006). Furthermore, 
emotional, intuitive or unconscious types of decision making are excluded 
(Kahneman, 2003). In practice, a farmer’s behaviour may deviate from this 
assumption. Losses, for example, may be valued disproportionally negative, as 
compared to commensurate gains (Kahneman and Tversky, 1979, Kahneman and 
Tversky, 2005). This approach may lead to inconsistent preferences since decision 
alternatives can be categorised into common and distinctive components in several 
ways. This study focuses on farmer decision making in an important animal health 
issue, i.e., mastitis in dairy cows. Mastitis, an inflammation of the udder, is the 
most frequent and costly production disease in dairy herds (Halasa et al., 2007). 
Mastitis is mainly caused by a bacterial infection that results in an elevated somatic 
cell count, which interferes with milk production in the udder and leads to 
decreased raw milk quality.  
 
Animal health economics primarily deals with decision making and decision 
support. Two main trends appear in the literature. One is dealing with decision 
support based on cost-benefit analyses, the other with the magnitude of disease-
induced economic losses (McInerney et al., 1992). However, farmers do not always 
implement measures with a positive net result according to cost-benefit analyses. 
The adoption rate and level of compliance with advice given to dairy farmers are 
generally considered as low. This is also the case for advice regarding animal 
disease management, like mastitis (Huijps et al., 2009). Advice neglect can be 
caused partially by the so-called “Portfolio problem,” representing the fact that 
money can only be spent once, and choices about how to spend the money have to 
be made. Thus, farmers cannot implement all advised management measures 
(Hardaker et al., 2004). However, the portfolio problem is not the only aspect 
influencing the decision process of farmers; preferences and social environment 
play an important role as well (Leeuwis et al., 2006).  
 
Behavioural economics studies the reasons why individuals in various decision-
making settings often act in a seemingly sub-optimal way. Such studies have 
hardly been carried out for small (family) businesses like dairy farms. In the 
Netherlands, dairy farmers are mostly family operated businesses in which decision 
making often takes place at the individual or household level. So, personal 
preferences may play an important role in on-farm decision making. However, in 
most studies the individual perspective and preferences have been neglected 
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(Huijps et al., 2008), most likely since it is complex, context-related, and contains 
non-quantifiable elements.  
 
In animal health economics, mastitis management is known as one of the fields 
where farmer decision making deviates from recommendations based on standard-
economic models and is often contradicting with the advice (Vaarst et al., 2002). 
Vaarst et al. (2002) showed, for example, that dairy farmers seemed to be 
consistent in their choices of antibiotic treatment, but their decisions often seemed 
to differ from the advice given by veterinary practitioners. Theories from 
behavioural economics might provide explanations for this behaviour and suggest 
possible solutions.  
 
An important phenomena studied in behavioural economics is loss aversion, which 
indicates that losses loom larger than gains. Loss aversion has different 
manifestations including the endowment effect and the gain-loss disparity (Thaler, 
1980; Kahneman et al., 1991), which were of attention in this study. The 
endowment effect addresses the idea that the disutility of giving up an object is 
greater than the utility associated with acquiring it (Kahneman et al., 1991). People 
become attached to objects that are in their possession, even if they had not 
particularly desired the objects they were not endowed with, and they were 
reluctant to give them up (Kahneman et al., 1979; Van Boven et al., 2003). It has 
been suggested by Kahneman et al. (1991) that the main effect of endowment is 
caused by the pain of giving up rather than the enhancement of the appeal of 
owning a good. Furthermore, sensitivity to losses explains a preference for the 
status quo because a deviation from the status quo is usually considered a negative 
change (Samuelson and Zeckhauser, 1988). 
 
The gain–loss disparity refers to the situation where people are significantly more 
averse to losses than they are attracted to gains of the same magnitude. Individual 
investment decision making can be seen as the result of the confrontation between 
expectations and preferences, given the restrictions imposed by the budget and the 
market (Antonides and Van der Sar, 1990). To most people, losses appear to matter 
much more than gains. Valuation of outcomes depends, to a large degree, on the 
reference position, defining the boundary between gains and losses, and the 
direction of change with respect to this reference point. Unless one accounts for the 
gain–loss disparity, choices will often violate the usual economic axioms of 
preference orderings. Predictions and prescriptions based on these axioms may be 
less useful than the ones that take the reference position and change of direction 
into account (Knetsch, 1995).  
 
This study investigates whether a bonus/penalty system of the bulk tank somatic 
cell count (BTSCC) affects the behaviour of farmers, thus indicating the gain–loss 
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disparity effect. BTSCC is a milk quality figure related to the mastitis situation at a 
farm, and is measured every four weeks in the Netherlands. In order to keep below 
the maximum allowable level of BTSCC, the dairy industry can use different 
incentive systems. In the current Dutch system dairy farmers get a penalty if the 
geometric average BTSCC over a 12 week period exceeds 400,000 cells/ml. To 
reduce BTSCC, it can be questioned whether it would be better to stimulate 
farmers with a bonus if they keep below a certain threshold of BTSCC (the lower 
the BTSCC, the higher the bonus) or with a penalty for exceeding the threshold. 
Different studies looked at the effect and the influence of different milk quality 
regulations such as premiums and penalties (Schukken et al., 1992, Adkinson et al., 
2001, Nightingale et al., 2008). In our study the difference between a bonus or 
penalty system is studied in relation to the willingness of farmers to change their 
mastitis management, in order to adhere to the set threshold. This is examined in 
the light of the gain–loss disparity. Furthermore, the aim of this study was to 
evaluate the standard model of decision making of dairy farmers (based on profit 
maximization) regarding mastitis management measures. The discrepancy between 
the adoption and advice in the field of mastitis is explained through farmers’ 
preferences for the prevailing status quo.  
 
This study contributes to the understanding of the decision-making process of 
farmers concerning mastitis management and suggests improvements in 
personalized advice. Insight in and understanding of the economic behaviour of 
dairy farmers will suggest advice that is more likely to be adopted and so, 
indirectly, improve the quality of production. Furthermore, this study contributes to 
the literature by applying these behavioural economic theories to economic 
problems that are usually addressed with more traditional economic methods such 
as partial budgeting.  
 
Section 2 describes the experimental design. In this section the empirical model, 
data collection, study design, and data analyses procedures are included. Section 3 
describes and discusses the results of the different parts of the study, and in Section 
4 conclusions are drawn. 
 
 
EXPERIMENTAL DESIGN 
 
Empirical model 
Many studies about human decisions indicate that people value changes from a 
reference state, not comparing different choice alternatives as such, as assumed in 
standard economic theory (Kahneman and Tversky, 2005). People value losses 
from the reference state far more negatively than they positively value gains 
beyond it, and experience diminishing marginal effects of both gains and losses 
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(Kahneman and Tversky, 1979). These characteristics are illustrated in a 
hypothetical value function, which differs from the standard type of utility function 
because it is defined on deviations from a reference point (Figure I). Changes in the 
quantity of a good or entitlement to the left of the reference state (R) are in the 
domain of losses (L) and have much more impact on the value or on the welfare of 
an individual, than changes to the right which are in the domain of gains (G). Even 
though in the standard type of utility function gains will lead to smaller utility 
increases than losses will lead to utility decreases, at the margin the utility changes 
are assumed equal, whereas they are different in the value function. 
 
 

 

Figure I. Hypothetical value function representing the value of gains and losses from reference state 
 
 
Management theory stresses the importance of different farmer and firm-specific 
variables in explaining economic decisions. In addition to the importance of 
explaining monetary investments decisions, these variables are also important in 
final economic behaviour. Personal goals of farmers may be explained by their 
own characteristics (e.g., age), but may also be related to their family (e.g., family 
size, availability of a successor) or farm characteristics (e.g., farm size). Age and 
availability of a successor are factors related to the family life cycle. A lower age 
and the presence of a successor mean that the farmer can take a longer time horizon 
into account which can influence the adoption rate of new management measures 
and the willingness to keep up with possible new regulations, thresholds, and 
challenges.  
 
The empirical model used in this study to explain decisions includes variables 
derived from management theory of capital budgeting, and variables that describe 
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the disease status of the farm. Management theory suggests age of the farmer, 
availability of a successor, farm size, farm intensity, family labour units, and hired 
labour units. Disease status is reflected by the self reported clinical mastitis and 
BTSCC. Because of the skewed distribution of BTSCC its natural logarithm was 
used. Finally, the farmers’ problem perception of mastitis was included in the 
model, because farmers who perceive a problem may be willing to change their 
behaviour in order to improve the udder health situation. A description of these 
variables can be found in Table I.  
 
 
Table I. Description of the variables used in the analyses. 
 
Name of variable Description Measurement unit 
Age Age of farmer Years 
Succ Availability successor Dummy variable (1 = successor is available; 

0 = otherwise)  
Size Firm size Hectares 
Inten Firm intensity Production (quotum (*1000kg)) per hectare 
Flab Family labour units Number of fulltime labour units 
Hlab Hired labour units Number of fulltime labour units 
BTSCC Self reported bulk tank somatic 

cell count1 
Ln cells/ml 

Clin Self reported clinical mastitis % of cows suffering from clinical mastitis 
during a year 

Probl Problem perception of mastitis Dummy variable (1 = problem is perceived; 
0 = otherwise) 

 

1 Self reported bulk tank somatic cell count (BTSCCs) is used. For 100 farmers both BTSCCs and the 
real BTSCC (BTSCCr) were available. No significant differences between BTSCCs and BTSCCr 
occurred (BTSCCs = 200,000 cells/ml (189,000; 211,000) and BTSCCr = 212,000 cells/ml (199,000; 
226,000)). 
 
 
Three different types of investments in mastitis management measures (Huijps et 
al., 2009) were selected to study the endowment effect. These measures are 
wearing milkers’ gloves, milking cows in groups based on somatic cell count 
(SCC), and prestripping. The selected management measures are examples of 
possibilities to improve the mastitis situation on a farm, but are not necessarily the 
most important measures. All three measures entail different types of variable 
costs. Wearing milkers’ gloves involves expenditures, milking cows in groups 
based on SCC requires a change in working routine and some additional labour, 
and prestripping implies extra labour time of a working procedure already 
implemented.  
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Study design 
 
Farm selection 
Three major Dutch dairy companies (Campina, DOC, and Friesland Foods) 
approached 650 randomly selected farmers in total, requesting them to participate 
in the study. With the aim to include the entire range of herd sizes in the 
Netherlands, all farms (approximately 23,000) were arrayed from the smallest to 
the largest size and every 35th farmer of the Dutch farmer population was selected.  
 
Data collection 
The questionnaire consisted of three parts. First, farmers were asked about general 
farm characteristics and the mastitis status. Subsequently, farmers were asked to 
fill out two other parts: one regarding the bonus/penalty system in the light of the 
gain-loss disparity and one regarding the implementation of or compliance with the 
three management measures (wearing milkers’ gloves, milking cows in groups 
based on SCC, and prestripping) in relation to the endowment effect.  
 
Bonus/Penalty 
Two versions of the questionnaire were developed: one regarding the bonus system 
and one regarding the penalty system. Farmers were randomly assigned to one of 
the two versions. Firstly, farmers were asked about some characteristics and 
statements concerning the bonus and penalty system. Secondly, they were asked 
how large the bonus or penalty (depending on the questionnaire version) for 
different BTSCC thresholds (350,000 cells/ml; 300,000 cells/ml; 250,000 cells/ml, 
and 200,000 cells/ml) should be for them to change the farm management in order 
to stay below that threshold. The type of measures taken to keep below the 
threshold was left unspecified. Questions were asked in the following way: 
“Suppose a bonus system is implemented where dairy farmers with a BTSCC 
below 250,000 cells/ml get a bonus. What should be the minimum bonus at which 
you will adapt your mastitis management to get your BTSCC below the 250,000 
cells/ml threshold?” The data were collected in two studies: the first part of the data 
was collected by Valeeva et al. (2007) and the second part was collected in this 
study in order to increase the power of the statistical analyses.  
 
Management measures 
For all three management measures, two sets of questionnaires were developed, 
one for farmers who had, and one for farmers who had not implemented the 
measure at the time of the study. In both questionnaires two types of questions 
were asked: one about a change in costs (in euros or hours, depending on the 
management measure) and one about the change in efficacy for lowering the 
mastitis incidence. Farmers who had implemented the measure at the time of the 
study were asked whether they would continue applying the measure when costs 
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would increase at different levels (+10% and +25%) and if proven efficacy would 
decrease at different levels (−10% and −25%). Farmers who had not implemented 
the measure at the time of the study were asked if they would start applying the 
measure if costs decreased at different levels (−10% and −25%) and if proven 
efficacy increased (+10% and +25%). The structure of the questionnaire, with the 
wearing milkers’ gloves as an example, is presented in Figure II. 
 
For each of the management measures milking cows in groups based on SCC and 
prestripping, farmers were asked to indicate the time (they thought) it (would) cost 
them to perform the measure.  
 

Currently 
no

costs

efficacy

-10%

-25%

+10%

+25%

Currently 
yes

costs

efficacy

+10%

+25%

-10%

-25%

Wearing milkers’ 
gloves

 

Figure II. Schematic presentation of the questionnaire regarding the endowment effect with wearing 
milkers’ gloves as an example. 
 
 
Data analysis 
Farm characteristics were compared with the Dutch average to check for sample 
representativeness, using independent sample t-tests using SPSS 12.0.1 for 
Windows (SPSS Inc., Chicago, USA).  The analyses were carried out for the total 
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sample and for the different subsamples separately (based on the different 
management measures and bonus or penalty groups). 
 
Bonus/Penalty 
First, descriptive analyses of the differences between the levels of bonuses and 
penalties was carried out. Subsequently, a Poisson regression model was built in R 
(Free Software Foundation, Boston, USA) to test for differences between preferred 
bonuses and penalties at different thresholds (350,000; 300,000; 250,000; and 
200,000 cells/ml), with the general form log(E(Y)) = a + bx. The height of the 
bonus or penalty in cents/kg needed for farmer to change their management to be 
able to stay below the threshold was the dependent variable, E(Y). Thresholds were 
included as the independent variable at four different levels (1=350,000 cells/ml; 
2=300,000 cells/ml; 3=250,000 cells/ml; and 4=200,000 cells/ml). An interaction 
term between Threshold and Groups (bonus or penalty) was included as 
independent variable and farm was included as a fixed effect. This model was also 
used to check and to control for the effect of different farm characteristics as 
described in Table I. 
 
Management measures 
Descriptive analysis of farm characteristics between the different subsamples of 
farmers was carried out. Differences in time farmers indicated to spend on the 
management measure were explored using ANOVA in SPSS 12.0.1 for Windows 
(SPSS Inc., Chicago, USA). Subsequently, for the three management measures 
univariate effects of explaining farm characteristics (as described in Table 1) and 
the current situation of implementation of the management measure were checked. 
Farm characteristic variables with no significant correlations with the management 
measures and characteristics with marginally significant effects (P ≤ .10) in the 
univariate analyses were included in a bivariate probit model using the statistical 
program Limdep (Econometric Software Inc., Plainview, USA) to check the effect 
of the farm characteristics on the changing behaviour of the farmer. 
 
 
RESULTS AND DISCUSSION 
 
Farm characteristics 
In total, 650 farmers were asked to participate in the survey, of which 145 agreed 
to collaborate (response rate of 22%). From these 145 farmers, 136 were visited 
and included in the study of the endowment effect. Because of the combination of 
data of the 136 farmers from this study with data (99 farmers) from the study by 
Valeeva et al. (2007), where exactly the same questions were asked on a random 
sample, a total of 235 were included in the gain–loss disparity analysis. A 
description of farm characteristics and results of a t-test for statistical differences 
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between farms that already adopted the measure versus those who did not at the 
time of the survey, are shown in Table II. Farm characteristics are presented for the 
Dutch average, the total sample, and for different groups of the sample which were 
used in subsequent analyses. These groupings were based on (i) current 
implementation of management measures and (ii) questions answered regarding the 
bonus or penalty system. In general, farmers participating in the study did not 
significantly differ from the Dutch average but tended to have somewhat larger 
farms with lower BTSCC (198,000 cells/ml vs. 213,000 cells/ml). A significant 
difference occurred with respect to wearing milkers’ gloves and the age of the 
farmer. Farmers wearing milkers’ gloves were younger compared to farmers not 
wearing milkers’ gloves (40 vs. 46). With respect to milking cows in groups based 
on SCC, farmers who implemented the measure at time of the study differed from 
farmers who had not implemented the measure at time of the study in size and 
intensity. Farmers milking cows in groups had smaller farms (38 ha vs. 52 ha) with 
lower intensity (15.0 vs. 15.1) compared to farmers not milking cows in groups. 
Farmers milking cows in groups also had a lower BTSCC at their farms (174,000 
cells/ml vs. 201,000 cells/ml) and less hired labour (0 vs. 0.11). Farmers who 
prestripped cows, had smaller farms than farmers who did not (44 ha vs. 54 ha). 
They also tended to have a lower amount of hired labour (0.04 vs. 0.12). Because 
of the small number of farmers having hired labour (n=5), this variable was 
excluded from later analyses.  
 
The time farmers indicated to spend on the management measure when they had 
implemented the measure and the time farmers expected it to take when they had 
not implemented the measure, was significantly different (Table II). Farmers who 
had not implemented the measure at the time of the study indicated to expect more 
time needed to perform the measure than farmers who already had implemented the 
measure. This result suggests that farmers’ expectations regarding the time 
requirements of the measure may affect their willingness to actually implement the 
measure. If a farmer is overestimating the time a management measure will take, 
this can lead to not implementing the measure. Another issue which can be present 
here is the fact that farmers can learn how to use measures more effectively after 
they have implemented them and this can influence the estimated time needed to 
execute that management measure, thus increasing the transaction costs for a 
behaviour change. However, we believe that learning costs for the management 
measures included are minor and are not large enough to explain the reluctance to 
make a behaviour change. 



Table II. Mean and standard deviation (if available between brackets) of farm characteristics (Age = age of farmer; Successor = availability of a successor; 
Size = farm size; Intensity = firm intensity; Family labour units; Hired labour units; BTSCC = bulk tank somatic cell count; incidence clinical mastitis; and 
problem = problem perception of mastitis) for the Dutch average, the overall sample, groups based on wearing milkers gloves, groups based on milking cows 
in groups, groups based on prestripping, and the bonus and penalty group.  
 
Variable Dutch average Overall sample Wearing milkers’ 

gloves 
Milking cows in 

groups 
Prestripping Bonus Penalty 

   No Yes No Yes No Yes   
  N = 235 N = 82 N = 30 N = 93 N = 17 N = 70 N = 42 N = 119 N = 114 
Age NA4 43 (9) 46 

(9)** 
40 

(8)** 
44  
(9) 

42  
(9) 

44  
(9) 

44  
(8) 

44  
(9) 

43  
(9) 

Successor           
   Yes (%) NA 25 27 20 28* 6* 30* 14* 22 27 
   No (%) NA 75 73 80 72* 94* 70* 86* 78 73 
Size (ha) 461 81 (33) 52 (26) 46 (19) 52 (25)** 38 (18)** 54 (27)** 44 (18)** 46 (23) 49 (24) 
Intensity 10.77 15.5 (9.69) 14.69 

(4.19) 
16.13 
(4.08) 

15.1** 
(3.88) 

15.0** 
(5.76) 

15.04 
(4.29) 

15.06  
(4) 

14.17** 
(3.93) 

16.96** 
(13.20) 

Family labour 1.691 1.51 (0.46) 1.58 
(0.52) 

1.47 
(0.41) 

1.56 
(0.49) 

1.47 
(0.46) 

1.60 
(0.54) 

1.46 
(0.39) 

1.50  
(0.51) 

1.52  
(0.39) 

Hired labour 0.043 0.08 (0.25) 0.09 
(0.22) 

0.10 
(0.29) 

0.11* 
(0.26) 

0*  
(0) 

0.12* 
(0.27) 

0.04* 
(0.17) 

0.04** 
(0.13) 

0.11**  
(0.33) 

BTSCC  
(*1000 cells/ml) 

2132 198 (55) 199 
(56) 

190 
(52) 

201*  
(56) 

174*  
(38) 

200  
(58) 

189 
(48) 

219  
(70) 

205  
(62) 

Incidence 
clinical mastitis 

NA 26.35 (18.34) 26.78 
(16.85) 

26.70 
(16.41) 

26.51 
(17.26) 

26.22 
(12.81) 

26.66 
(17.20) 

26.13 
(15.61) 

29.03 
(21.7) 

23.72  
(14.02) 

Problem           
   Yes NA 17 16 20 14** 41** 16 17 16 18 
   No NA 83 84 80 86** 59** 84 83 84 82 
(Expected) time 
(min) 

    18.49** 10.22** 13.06** 10.01**   

 

1 Source: Agricultural Economic Research Institute (2006); 2 Source: Milk Control Station Database (2006); 3 Source: Research Institute for Animal 
Husbandry (2005); 4 NA = not available 
* Significant at P≤0.1 ; ** Significant at P≤0.05 
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Bonus/Penalty 
Results of the minimal bonus or penalty at different threshold levels are shown in 
Figure III. 
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Figure III. Levels for bonuses and penalties at different bulk tank somatic cell count (BTSCC) 
threshold levels (n=235) indicated by farmers to make them change their management to be able to 
stay below that threshold. 
 
 
Figure III shows a clear trend of difference between the bonus and penalty groups. 
Statistical analyses as presented in the output of the final Poisson model (Table III) 
showed a significant difference between the groups for the thresholds ≤300,000 
cells/ml. The average penalty needed to change management was, for example at a 
threshold of 400,000 cells/ml, 0.65 (exp(−0.43) because of the loglink model used) 
times lower compared to the bonus needed. These results are in line with results 
found by Valeeva et al. (2007), who reported that a penalty motivated farmers 
more, than a bonus to change management to improve the mastitis situation on the 
farm. 
 
Farm characteristics as described earlier were included in the Poisson model. It was 
expected that farmers who, for example, already had low BTSCC milk were less 
willing to change their behaviour at the given thresholds since they were already 
below these thresholds. For each farm characteristic, two groups were defined. For 
age, farmers aged 40 years or less, and over 40 years; for successor, farmers who 
had a successor and farmers who had not; for farm size ≤45 ha and > 45 ha; for 
intensity ≤15 and > 15; for Flab ≤1.5 and >1.5; for incidence of clinical mastitis 
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≤25 and >25; for BTSCC ≤150,000 cells/ml and >150,000 cells/ml. Results of this 
model showed that neither of these farm characteristics had a significant effect on 
the height of the bonus or penalty. 
 
 
Table III. Output of the Poisson model: Value ~ factor(Threshold) + factor(Threshold) : 
factor(Group) + (1|farmID)  
 

 Estimate Std.Error P-value 
Intercept 3.05 0.23 0.00 
Threshold2 a 0.27 0.02 0.00 
Threshold3 0.59 0.02 0.00 
Threshold4 0.83 0.01 0.00 
Threshold1:Group2b -0.43 0.33 0.19 
Threshold2:Group2 -0.67 0.33 0.04 
Threshold3:Group2 -0.93 0.33 0.00 
Threshold4:Group2 -0.99 0.33 0.00 
a thresholds 1 (350,000 cells/ml),2 (300,000 cells/ml), 3 (250,000 cells/ml), 4 (200,000 cells/ml) 
b groups 1 (bonus) and 2 (penalty) 
 
 
Nightingale et al. (2008) found a strong effect of the premium program on both the 
average BTSCC and the probability of producing milk with low BTSCC. The data 
showed that premium offerings for high quality milk improved the overall milk 
quality on the farms affected by the premium. They argued that the combination of 
a penalty program for high BTSCC milk with a premium program for high quality 
milk (low BTSCC) provides a strong incentive for improvement of milk quality. 
This suggests that, if possible, a combination of a bonus and a penalty system 
would work, and if a choice has to be made, the better choice would be to work 
with a penalty system. 
 
Management measures 
Table IV presents the percentages of farmers who indicated to change their 
behaviour at different levels of changes in costs and efficacy. Because the number 
of farmers who were willing to change their behaviour only at a 25% change in 
costs or efficacy was small, the groups were merged into one group indicating 
willingness to change. 
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Table IV. Percentage of farmers who indicated changing behaviour at different levels of change in 
costs and efficacy (10% and 25%) and the total percentage of farmers who changed behaviour, and 
the coefficients with significance levels resulting from the binomial probit model. 
 
 Wearing milkers’ 

gloves 
Milking cows in 

groups 
Prestripping 

Implemented or not at 
time of the study 

No Yes No Yes No Yes 

N 30 82 93 17 70 42 
Costs       

10% 11% 3.3% 8.6% 11.8% 4.3% 7.1% 
25% 2.4% 3.3% 20.4% 41.2% 10.0% 21.4% 
Total 13.4% 6.6% 29% 53% 14.3% 28.5% 

Binomial probit model coefficient P-value coefficient P-value coefficient P-value 
Age -0.03 0.27 0.01 0.45 0 0.89 
Successor -0.07 0.89 0.15 0.65 -0.84 0.12 
Size 0 0.73 0 0.31 -0.02 0.05 
Family labour -0.06 0.91 -0.21 0.55 0.31 0.48 
Problem 0.35 0.51 0.01 0.98 -0.01 0.98 
lnBTSCC -0.03 0.82 -0.13 0.17 -0.03 0.84 
Intensity 0 0.33 0 0.60 0 0.76 
Incidence 
clinical 

0 0.85 0.01 0.28 0.03 0.007 

Coefficient -1.11** 0.74 -0.57** 
Efficacy       

10% 47.6% 6.7% 23.7% 41.2% 24.3% 21.4% 
25% 4.9% 6.7% 19.4% 29.4% 15.7% 9.5% 
Total 52.5% 13.4% 43.1% 70.6% 40.0% 30.9% 

Binomial probit model coefficient P-value coefficient P-value coefficient P-value 
Age -0.01 0.45 -0.02 0.16 -0.01 0.28 
Successor 0.22 0.55 -0.05 0.87 -0.43 0.22 
Size 0 0.86 -0.01 0.12 -0.01 0.07 
Family labour -0.37 0.35 0.12 0.71 0.80 0.01 
Problem -0.34 0.41 0.43 0.22 0.58 0.11 
lnBTSCC -0.10 0.37 -0.10 0.29 0 0.99 
Intensity 0 0.65 0 0.93 0 0.69 
Incidence 
clinical 

0 0.65 0 0.92 0 0.90 

Coefficient -1.5** 0.54 -0.50** 
** Significant at P ≤ 0.05 

 
 
Results in Table IV indicate that farmers, who were wearing milkers’ gloves at the 
time of the study, were willing to change their behaviour (after changes in costs or 
efficacy) significantly less (P≤.05) than farmers who did not wear milkers’ gloves. 
The same occurred for prestripping. This is in line with expectations of the 
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endowment theory. For milking cows in groups based on SCC, the coefficients 
showed that farmers, who had implemented this measure at the time of the study, 
were equally willing to change their behaviour as farmers who were not milking 
their cows in groups at the time of the study. The fact that the endowment effect 
seemed to be absent may reflect the fact that milking cows in groups based on SCC 
is often unpractical and disturbing. Experience from extension workers suggests 
that farmers, who were milking their cows in groups at the time of the study, were 
inclined to use every opportunity (for example, higher costs or lower efficacy) to 
stop this management measure. 
 
For wearing milkers’ gloves, all farm characteristics, except intensity, showed an 
effect on the behaviour when a change in costs occurred, and size, intensity, family 
labour, and incidence of clinical mastitis when a change in efficacy occurred. For 
milking cows in groups, all farm characteristics except having a successor and 
having a mastitis problem showed a significant effect when a change in costs 
occurred. A change in efficacy, however, only showed a significant effect on 
intensity. For the management measure prestripping, all farm characteristics except 
for having a mastitis problem for a change in efficacy, showed marginally 
significant effects (P ≤ .10) based on a change in both costs and efficacy. These 
results confirm that willingness to change behaviour is not only influenced by the 
endowment effect, but more factors are important in this process. Wearing milkers’ 
gloves showed a significant correlation (P ≤ .05) with age (−0.295), indicating that 
younger farmers were more likely to wear them. Milking cows in groups based on 
SCC showed a significant (P ≤ .05) correlation with size (−0.209) and having a 
mastitis problem. (0.269). Smaller farms as well as farms perceiving a problem 
with mastitis were more likely to milk their cows in groups. For the management 
measure prestripping, a significant (P ≤ .05) correlation was found for size 
(−0.206), indicating that smaller farms were more likely to prestrip (Table II). 
 
To study the magnitude of these other factors and check the existence of the 
endowment effect, a binomial probit model was build. The resulting coefficients of 
the binomial probit model are presented in Table IV. For wearing milkers’ gloves 
and milking cows in groups, none of the farm characteristics had a significant 
effect on the changing behaviour of the farmer. For prestripping, size and incidence 
of clinical mastitis had a significant effect on the behaviour when a change in costs 
occurred and Size and Flab had a significant effect when a change in efficacy 
occurred. These results indicate that although other factors, like farm 
characteristics play a role in the changing behaviour of a farmer, it can not explain 
all. Phenomena from behavioural economics, like the endowment effect, can 
explain another part of this. 
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CONCLUSION 
 
This study showed the presence of the endowment effect and gain–loss disparity 
with respect to willingness to implement mastitis management measures and 
accepting the bonus/penalty system at Dutch dairy farms. As expected, this 
analysis does not explain the whole decision-making process but contributes to the 
understanding of it. There was a difference in endowment effect across farms 
where different management measures were used (wearing milkers’ gloves, 
milking cows in groups, and prestripping). For wearing milkers’ gloves and 
prestripping the endowment effect was present but for milking cows in groups 
based on SCC the endowment effect was not present and the coefficients even 
showed an opposite effect (although not significant). Apparently a decision based 
on the standard economic model is taken with regard to the latter. Other farm 
characteristics and characteristics of the management measures have impact on the 
willingness to change behaviour as well, which interferes with a clear presence of 
the endowment effect. It is important to take these farm characteristics and the 
economic behaviour of the farmer into account when providing decision making 
support to farmers. Doing so will improve the adoption rate and level of 
compliance compared to using only averages and standard economic calculations. 
The gain–loss disparity was clearly present with respect to the bonus/penalty 
system. This indicates that farmers are more sensitive to penalties rather than 
bonuses. This information can help the dairy industry in formulating and 
implementing the bonus/penalty system best suited for their goals. We have found 
some indications for a higher effect of a penalty system as compared to a bonus 
system.  
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ABSTRACT 
 
Although many control practices to improve the mastitis situation on a farm and to 
reduce the economic losses of mastitis are available, the adoption rate and level of 
compliance of these measures are generally low. Implementing new measures 
involves costs, which can be divided in costs for the milking parlour and other 
issues. These costs were subdivided in long term investments, short term 
investments, labour, and change of routines. In traditional cost-benefit analyses all 
costs belonging to the different factors are set on a comparable monetary value. 
Although in an economic way this is correct, farmers may value some costs in a 
different way because of certain preferences, influencing the adoption rate of the 
mastitis reducing measures. The objectives of this study were to explore 
differences between preferences of cost factors according to Dutch dairy farmers, 
and to distinguish different groups of farmers accordingly. 136 farmers were 
questioned by Adaptive Conjoint Analysis about their individual preferences. A 
large difference between these preferences was found. Taking the individual 
preferences together, overall, long term investments in issues other than milking 
parlour were preferred most and changing routines in issues other than milking 
parlour were preferred least. The results of this study show that, given the large 
variation in the valuations, to improve the adoption rate of management measures it 
is important to take the preference of cost factors into account in advice given.  
 
Keywords: bovine mastitis, preferences, cost factors, economics 
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INTRODUCTION 
 
Mastitis is an endemic disease that is considered to be one of the most frequent and 
costly diseases in the dairy industry (Halasa et al., 2007). Although many control 
practices regarding the improvement of mastitis management are available, the 
adoption rate of these measures and the level of compliance of advice given are 
generally low. Several studies on the cost-efficiency of mastitis management 
measures have been conducted (e.g., Miller et al., 1993) but it is unclear why cost-
efficient measures are not implemented by dairy farmers. One explanation can be 
that advice is based on averages, where a farmer feels that his farm is different 
from the average and thus considers the results as not valid for his specific 
situation. Farm specific advice and calculations might overcome that problem 
(Huijps et al., 2008). Rehman et al. (2007) described that a positive attitude of 
farmers is essential for the successful adoption of new technologies or measures. 
This indicates that for an effective promotion of these new technologies or 
measures, the beliefs of the recipients have to be examined. Farmer’s decisions are 
influenced by a range of factors: socio-demographics of the farmer, psychological 
make-up of the farmer, the characteristics of the farm household, structure of the 
farm business, the wider social environment, and the characteristics of the 
innovations to be adopted (Edward-Jones, 2006). According to the theory of 
reasoned action, suggested behaviour that is evaluated as positive, leads to a higher 
intention and thus is more likely to be adapted (Rehman et al., 2007). Therefore, in 
order to improve the adoption rate of management measures and the level of 
compliance of advice given it is important to know farmers’ preferences among 
competing cost factors.  
 
Until now, little knowledge is available on the significance of differences in 
preferences for management measures. Traditionally, cost-benefit analyses have 
been used to improve the adoption rate of control measures. In these analyses, 
different cost factors such as long term investments, short term investments, labour, 
and changing of routines are transferred to a comparable monetary value. Farmers, 
however may value the different costs factors differently which might influence 
their decision on adoption of certain management measures. Disregarding this in an 
approach to stimulate the improvement of mastitis management will probably lead 
to an unsatisfactory adoption rate of certain management. To be able to include the 
preference for cost factors in advice given, it would be useful to distinguish groups 
of farmers in this respect. Group characteristics could be implemented in decision 
support models to personalise advice given.  
 
The objectives of this study were 1) to explore and quantify the differences 
between farmers’ preferences for implementing different cost factors and 2) to 
distinguish different groups of farmers regarding the preference for cost factors. 



CHAPTER 4 
 
 

 56

MATERIALS AND METHODS 
 
Data collection 
A total of 650 dairy farmers was approached to complete a questionnaire by three 
major Dutch dairy companies (Campina, DOC, and Friesland Foods). All farms 
delivering milk to these dairy companies were arrayed in herdsize sequence with 
every xth farm selected, where x represented the proportion of farms that needed to 
be selected to reach our goal of 650 farmers, thus including the entire range of 
herdsize in the Netherlands. The farm visits were based on a strict protocol and 
were carried out by two persons, closely interacting to prevent bias caused by 
different approaches. The visits of all farmers that agreed to participate lasted 
approximately one hour. They started with a short introduction, followed by a 
traditional questionnaire and ended with a computerized questionnaire. 
 
Survey design 
The questionnaires and supporting material were based on findings from literature 
and expert estimates. The paper questionnaire covered information on farm size, 
milk quota, number of cows, labour, bulk tank somatic cell count (BTSCC) level, 
age, education, experience, successor, perception of the mastitis situation, and 
currently implemented mastitis management measures. The computerized 
questionnaire was set up, using adaptive conjoint analysis (ACA). Conjoint 
analysis is a method for market research and is used to determine desirable features 
and price of new products based on different attributes and levels of these 
attributes. A conjoint model is a multi-attribute model, which assumes that 
consumers purchase products (e.g. a car), which have n characteristics or attributes 
in ACA terminology (e.g. color, brand, performance,…), based on these 
characteristics. Each attribute, a, may have two or more levels, i (e.g. red, black). 
Then the individual’s utility U for a multi-attributed product concept, can be 
expressed in a simple way as a sum of utilities for its attributes, u(ai): 
U = u(a1)  +u(a2) + … + u(an)  
In this study the conjoint model is used to value the preference of farmers for 
different cost attributes regarding mastitis management. Mastitis management is 
here the “product” and different cost factors are the attributes of this product, 
which have multiple levels, which are the management measures. It is generally 
known that different management measures can consist of different kinds of 
investments. For some management measures only extra labour is needed (e.g. 
regular teat inspection) while for other management measures investments of 
money are also necessary (e.g. replacing the milking claws with better ones or 
including minerals in the feed) or routines have to be changed (e.g. milking cows in 
groups based on udder health situation). In traditional economic analysis it is 
assumed that all factors can be calculated to a comparable monetary value (e.g. 
costs per cow per year) and are valued equally by farmers. Despite discounting for 
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long term investments, and applying opportunity costs for labour, it is still possible 
that these cost factors are not valued equally. Although, for example, discounting is 
straightforward in economic calculations, Thaler (1981) showed that individual 
discount rates are not necessarily equal to the interest rate. Changing routines is 
probably affected by status quo bias. Status quo bias means that individuals have a 
strong tendency to remain at the status quo, because disadvantages of leaving it 
loom larger than advantages (Kahneman et al., 1991). Next to these differences, on 
a dairy farm the milking parlour is a special part of the farm, where maybe the 
farmers value costs different.  Therefore the questionnaire dealt with 8 different 
types of cost factors: 1) long term investment in the milking parlour (LTmilk), 2) 
long term investment in other issues (LTother), 3) short term investment in the 
milking parlour (STmilk), 4) short term investment in other issues (STother), 5) 
extra labour related to the milking parlour (LABmilk), 6) extra labour related to 
other issues (LABother); 7) changing routines in the milking parlour (ROUTmilk), 
and 8) changing routines in other issues (ROUTother).  
 
 
Table I. Management measures belonging to the different cost factors: long term investments milking 
parlour (LTmilk), long term investments other issues (LTother), short term investments milking 
parlour (STmilk), short term investments other issues (STother), labour routines milking parlour 
(ROUTmilk), labour routines other issues (ROUTother), extra labour milking parlour (LABmilk), and 
extra labour other issues (LABother). 
 
Cost factor Management measures 

LTmilk Automatic cleaning 
milking machine Better milking claws Implement sensor 

technology 

LTother Optimise climate Improve cubicles Improve feeding 
facilities 

STmilk Check-up milking 
machine 

More efficacious teat 
disinfection 

Pre-treatment with 
more efficacious 

products 

STother Different bedding 
material Better feed Extra advice and 

supervision 

ROUTmilk Longer pre-treatment Extra stripping of 
suspected cows 

Milking in groups 
based on udder health 

situation 

ROUTother Extra cleaning of the 
cubicles 

Extra cleaning of the 
calving area 

Using relevant and 
useful data 

LABmilk Regular teat 
inspection Overall cleaning Therapy evaluation 

LABother Overall cleaning Evaluation breeding 
program 

Participation in study 
groups 
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As an indicator for every cost factor, three related management measures (levels in 
ACA terminology) were described (Table I). All these management measures were 
chosen in such a way that they had the same net benefit. The calculations of these 
net benefits were shown to the farmers in order to demonstrate they were indeed 
the same. The farmers were subsequently asked to judge their preference for 
measures (independent of costs), trying not to make a weighing between efficiency 
and costs. As an extra reminder to this fact all questions started with the remark 
that the measures were supposed to the same net benefit.  
 
Using ACA, the cost factors can be ranked based on preferences of the 
respondents. Below the ACA method is briefly introduced. A more detailed 
description can be found in appendix A. ACA combines aspects of composition 
(self-explicated task, i.e., respondents rate the importance of the difference between 
the most and least preferred management measures separately for each cost factor) 
and decomposition approaches (conjoint task, i.e., respondents indicate preference 
intensity judgments for paired partial profiles) (Wittink et al., 1994).  
 
The ACA survey carried out in this study, consisted of four different sections, the 
first two belonging to the self-explicated task. In the first section, for every 
management measure the farmer was asked about his preference for implementing 
this on his farm. The second section was about differences between two 
management measures. The farmer was asked which of  two alternative 
management measures had his preference. Adaptive conjoint analysis obtains the 
final preference function coefficients by pooling these two types of data (Wittink 
and Bergestuen, 1999). The third section in this questionnaire dealt with the 
conjoint task. Part-worths (relative utilities derived from the levels of the different 
cost factors) for the most important attributes were then refined in a Bayesian 
updating sense, through a series of graded paired comparisons. Interviews using 
ACA are performed in an ‘intelligent way’: the algorithms of the computer 
program adapt the selected attribute pairs according to earlier answers given by the 
participant. In this way the information gain is being maximized, while the number 
of combinations of attribute pairs to be evaluated is limited (Wittink et al., 1994). 
The respondent’s previous answers were used at each step to select the next paired 
comparison question to collect as much information as possible. This is done by 
updating the estimates of the respondent’s part worth utilities after each page of 
paired comparison responses is submitted. This allows ACA to evaluate many 
attributes without asking the respondents to deal with too much information in the 
questionnaire (Green and Srinivasan, 1990). Different combinations of 
management measures were shown and the farmer was asked to indicate which of 
the combinations had his preference. In the fourth section a consistency check was 
done by showing the farmer a package of management measures. The farmer was 
asked to give the whole package a value between zero (I will never implement this 
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combination of measures) and 100 (I will definitely implement this combination of 
measures). Examples of the four types of questions are presented in Appendix A.  
 
The total questionnaire (traditional and computerized) was pretested on a dairy 
farmer to find out whether he understood his task, was able to become familiar 
with the applied techniques, and to find out whether the interpretation of the 
questions was consistent with the intention of the researchers. 
 
Data analysis 
Before performing statistical analyses, data were examined for potential outliers 
concerning general farm characteristics. Data representativeness was evaluated by 
comparing sample means with Dutch population means. The differences between 
these means were checked using a one sample t-test. Differences were considered 
significant at P ≤ 0.05.  
 
To explore preferences for the different cost factors, a two-step approach was used. 
In the first step, data samples collected by the computerized questionnaires were 
analyzed using ACA software (Sawtooth Software, 2002). Because each of the 
management measures belong to a cost factor, the conjoint model can estimate the 
value of each of the eight cost factors, using the choices that respondents made 
during the questionnaire. The utilities (part-worths in ACA terminology), for every 
management measure of each cost factor are the result of such a process. These 
utilities were estimated for each of the respondents individually. The relative 
importance of each cost factor was derived for every respondent by obtaining the 
differences between the utilities of the most preferred and the least preferred 
management measures and is expressed as a percentage. (Churchill and Iacobucci, 
1999). The total utility is set to 100% and is divided through the different cost 
factors, meaning that every cost factor “gets” a part of the 100%. In the second 
step, a multivariate analysis of variance is carried out with the relative importance 
of the costs factors as dependent and farm characteristics as independent variables. 
In a last step, farm characteristics with P < 0.25 in the multivariate analysis were 
included in a multiple linear regression analysis with backward selection. The 
maximum model was fit and then terms were removed sequentially starting with 
the weakest predictor variable. If removing the variable significantly weakened the 
model the predictor variable was re-entered, otherwise it was deleted. This 
procedure was repeated until all of the terms remaining in the model were 
significant at the P ≤ 0.1 level. In this way prediction models for the relative 
importance of the different cost factors was formulated for every cost factor 
separately. The general form of the model was: 
Ŷ = β0+β1X1 +…+ βnXn + ε 
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Where Ŷ represents the relative importance of the cost factor, β0 … βn represent 
model coefficients, X1…Xn represent farm characteristics and ε is the additive error 
term. 
 
 
RESULTS 
 
Descriptive data 
Of the 650 contacted farmers, 136 farmers participated in the study. On average, 
they milked 85 cows, with a quota of 719,000 kg on 50 ha of land and with 1.5 full 
time equivalents of labour. The average BTSCC was 198,000 cells/ml and the most 
common milking system was the herringbone parlour. Thirteen automatic milking 
systems were included. The average age of the farmers was 45 with on average 30 
years experience. Of the farmers, 26.5% indicated to have a successor, 12.5% did 
not and 61% did not yet know.  The descriptive data of these farmers and the Dutch 
averages are presented in Table II. Farmers participating in the study did not differ 
significantly from the Dutch average on parameters evaluated but tended to be 
larger and to have a lower BTSCC and self reported incidence of clinical mastitis. 
From the farmers who did not respond, only quota information was available. 
There were no differences in quota between farmers who participated and farmers 
who did not. 
 
Preferences for different cost factors 
Results for the consistency of farmers indicated that farmers had a rather good 
correlation between the utilities and likelihood responses of section four questions. 
Only one farmer had a low correlation, which means he was either unmotivated to 
participated in the study or confused by the questions. Because of the low 
correlation, data of this farmer were removed from the analysis. From the other 
farmers, the individual utilities were calculated and summarized in the relative 
importance of cost factors. Differences between farmers were large with quite a 
few extremes present, as is shown in Figure I. 
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Table II. General characteristics of the participating dairy farms and the Dutch population average  
 
 Participated 

(n=136) 
Dutch average 

Number of cows 85.0 641.0 

Size (ha) 50.0 461.0 

Quota (kg) 718,591.0 495,6161.0 

BTSCC 198,782.0 213,0002.0 

Self reported % clinical 27.0 NA3 

Age 45.0 NA3 

Education (%)   

   Elementary education 16.0 NA3 

   Secondary education 72.0 NA3 

Post-secondary     education 12.0 NA3 

Milking system (%)   

   Herringbone 77.0 671.0 

   Tie-stall 2.9 141.0 

   Tandem 2.2 6.71 

   Side-by-side 4.4 6.51 

   Automatic milking system 9.6 3.91 

   Rotary 3.7 2.21 

Successor (%)   

   Yes 27.0 NA3 

   No 13.0 NA3 

   Unknown 61.0 NA3 

Risk (%)   

   Avoid 29.0 NA3 

   Takes 18.0 NA3 

   Both 53.0 NA3 
 

1Source: Agricultural Economic Research Institute (2006). 
2Source: Milk Control Station Database (2006). 
3NA = not available 
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Figure I. Relative importance of different cost factors as judged by Dutch dairy farmers (1: long term 
investments milking parlour (LTmilk), 2: long term investments other issues (LTother); 3: short term 
investments milking parlour (STmilk); 4: short term investments other issues (STother); 5: extra 
labour milking parlour (LABmilk); 6: extra labour other issues (LABother); 7: changing routines 
milking parlour (ROUTmilk); 8: changing routines other issues (ROUTother).  
 
 
The difference between the average relative importance of the different cost factors 
was small, although the most preferred cost factor (LTother) was judged twice as 
important as the one least preferred (ROUTother) (15 vs. 8.3). In general, long and 
short term investments (in the milking parlour as well as in other issues) were 
preferred over extra labour or changing routines. This is illustrated by the relative 
importance of the different cost factors as presented in Table III. The utilities of the 
management measures belonging to the different cost factors are scaled to sum to 
zero within every cost factor and are interval data (Table III).  
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Table III. The relative importance of the different cost factors and the utilities (5% - 95%) and zero-
centred utility means and 5th and 95th percentile values of the management measures belonging to the 
different cost factors. 
 
Cost factors and management measures Relative  

importance 
Zero-centered utilities 

 
  Mean 5%-95% 

percentile 
Long term investments milking parlour 15.0   
   Automatic cleaning milking machine  -1.60 -2.4, -0.8 
   Better milking claws  1.20 0.32, 2.1 
   Implement censor technology  0.36 -0.38, 1.1 
    
Long term investments other issues 15.0   
   Optimise climate  1.60 0.93, 2.3 
   Improve cubicles  0.88 0.13, 1.6 
   Improve feeding facilities  -2.50 -3.4, -1.6 
    
Short term investments milking parlour 15.0   
   Check-up milking machine  1.30 0.38, 2.1 
   More efficacious teat disinfection  1.50 0.73, 2.3 
   Pre-treatment with more efficacious products  -2.70 -3.4, -2.1 
    
Short term investments other issues 15.0   
   Different bedding material  -2.30 -3.2, -1.5 
   Better feed  1.10 0.3, 1.9 
   Advice and supervision  1.20 0.44, 2.0 
    
Extra labour milking parlour 8.9   
   Regular teat inspection  0.07 -0.07, 0.85 
   Overall cleaning  -0.25 -0.95, 0.46 
   Therapy evaluation  0.17 -0.56, 0.91 
    
Extra labour other issues 10.0   
   Overall cleaning  -0.30 -1.2, 0.57 
   Evaluation breeding program  -0.41 -1.11, 0.36 
   Participation in study groups  0.71 -0.11, 1.5 
    
Changing routines milking parlour 12.0   
   Longer pre-treatment  -2.00 -2.9, -1.2 
   Extra stripping of suspected cows  4.30 3.4, 5.2 
   Milking groups based on udder health situation  -2.30 -3.2, -1.3  
    
Changing routines other issues 8.3   
   Extra cleaning of the cubicles  1.70 0.96, 2.4 
   Extra cleaning of the calving area  -3.30 -4.0, -2.5 
   Use of relevant and useful data  1.60 0.9, 2.3 
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Results of the multivariate analysis of variance showed that only BTSCC of 2007 
had a significant effect (P≤0.05) on the relative importance of the cost factors. 
Having a mastitis problem (Problem), having a successor, a change in BTSCC, and 
BTSCC of 2007 were significant at P<0.25 in the multivariate analysis. These 
variables had low r2 values resulting from the linear regression models. 
 
 
DISCUSSION 
 
From 650 contacted farmers, only 136 participated in the study. Because of privacy 
reasons the farmers were contacted by their dairy coop. This meant that no address 
information of these farmers was available to be able to check whether there were 
differences between included farmers and non-responders. We only had 
information about their quota, which did not differ from the farmers who were 
included in the study. For the non-responders, most likely reasons not to join a 
study such as ours are that they have too little time, do not want to be involved in 
research, or forgot the invitation. Another reason can be that they are not interested 
in mastitis research because they (think they) do not have mastitis problems, or 
they have a lot of problems and do not want to “show” their problem. We think 
these factors will have little effect on the results. Only not joining the study 
because of lack of time, may have had an effect on the results. However, this group 
will probably not prefer to implement management measures involving extra 
labour time, because they feel they already have little time. Thus, this will not 
influence the final conclusions.  
 
It is possible that some non-differential misclassification effects are present. We do 
not expect misclassification in the traditional questionnaire, because it only 
included questions about very specific farm characteristics such as number of 
milking cows, age of the farmers. There can be a problem with misclassification in 
the ACA questionnaire which is covered by testing of user consistency by the ACA 
software.  
 
Because we wanted to get insight in the subconscious preference for the cost 
factors, instead of asking farmers directly to indicate their preference of the cost 
factors, we chose to ask them indirectly through different management measures 
belonging to these cost factors. If we would have asked them directly if they would 
prefer labour or long term investments for example, the risk of getting socially 
accepted answers is higher.  
 
There are large differences between farmers in the preferences for mastitis 
management measures. Although none of the cost factors is extreme in relative 
importance, the most preferred cost factor is considered twice as important as the 
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least preferred cost factor. The expected value of the relative importance of the cost 
factors, would be 12.5 (100/8) but the relative importance vary between 8.3 (for 
ROUTother) and 15 (for LTother). Farmers participating in the study tend to be 
larger than the Dutch average. This can be due to the fact that the farmers who 
participated are the ones willing to grow, and further improve their mastitis 
situation and thus are more interested in participating in studies. Some extremes 
regarding the relative importance given to the different cost factors were present. 
These extremes were checked for their farm characteristics, but no strong 
deviations from the average could be found. This implies that farmers with similar 
farm characteristics may consider the importance of the cost factors very different.  
 
For all farmers, the cost factors extra labour and changing routines were generally 
considered of low importance. Farmers prefer to invest (short or long term) money 
instead of investing extra labour or in changing routines although these factors can 
be technically crucial. To improve the adoption rate of advice it may be important 
to take this into account when communicating about possible management 
measures. Advising a farmer to implement a management measure associated with 
long term investments, while he considers this type of factor of very low 
importance, may not be a very effective way of giving the advice. It would be 
helpful to take the perceived importance of the cost factors into account when 
giving the advice. When the farmer has a preference for other factors than the one 
technically most important, one can try first to show the importance of that factor. 
If the farmer is not receptive for that information it can be better to advise 
implementation of the next best factor. Maybe the compliance with the next best 
management measure will be better than to the best management measure. 
Especially with respect to labour and routines, good advice starts with documenting 
the management in an objective way. The next step is to bring those management 
measures that can be improved or implemented to attention in a convincing way. In 
this regard, why some farmers consider something as very important still does not 
do it, or knows something is not best to do, but still does it (Ripp, 1995), is an 
important and interesting question.  
 
The differences in preferences for different cost factors indicate that it is important 
to take this into account when advising farmers. Results of the multivariate analysis 
of variance showed that only BTSCC of 2007 had a significant effect (P≤0.05) on 
the preferences for the cost factors. Other factors did not show an effect. This can 
be caused by the fact that there is no relation and that farmer’s preference is 
random, independent of farm characteristics, or the reasons underlying farmers' 
relative preferences for some cost factors as compared to other cost factors are 
caused by elements that are more complex than the easily observed characteristics 
studied here. It can, however, also be caused by lack of statistical power of the 
analyses performed.  
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It is difficult to validate whether the ACA determined cost factor preferences are 
truly predictive of the real decisions that farmers make. To study this, after 
conducting a theoretical study like ours, farmers should be followed during a 
certain time to evaluate the decisions they take with regard to mastitis 
management. Such research will take a long time, because changing mastitis 
management is not a daily activity. Moreover, some of the mastitis management 
decisions comprise more than only mastitis so other farm factors might bias the 
study outcome.  
  
The fact that farmers are not as straightforward in their (economic) decision 
making, as assumed before, does not mean that the current economic models 
cannot be used as an economic base for advice. However, the results described in 
this paper do make clear that next to straightforward economic considerations, 
more aspects can influence the final decision making of a farmer. One of those 
aspects, the preference of management factors, is discussed in this paper but also 
other aspects can influence the decision making around mastitis (Valeeva et al., 
2007). Traditional economic calculations will remain important to create a starting 
point for recommendations which will ultimately be re-interpreted to follow the 
preferences and objectives of the dairy farmer. Understanding the dairy farmer and 
being able to provide farm-specific advice, will improve the value of the advice.  
 
 
CONCLUSION 
 
This study shows that farmers differed in their preferences for different cost 
factors. Generalizing the individual preferences, long term investments in other 
farm areas than milking were considered most preferable and changing routines in 
other farm areas than milking were considered least preferable by dairy farmers. In 
order to improve the adoption rate of advised changes in management, it may be 
important to take individual farmer preferences into account.  
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APPENDIX A: Extended description of Adaptive Conjoint Analysis 
 
This description of the ACA method is mainly based on a technical paper of 
Sawtooth Sofware (www.sawtoothsoftware.com), Orme (2006), and Churchill and 
Iacobucci, 1999).  
 
The ACA survey was dealing with eight different cost factors (attributes) for which 
three levels (management measures) were included. In our study the attributes are 
the eight cost factors, and the levels are the three management measures belonging 
to the cost factors. In the remaining text of the appendix we will only use the ACA 
terminology (so attributes and levels) The ACA survey carried out in this study, 
consisted of four different sections. In the first section, for every level of each 
attribute the farmer was asked about his preference for implementing this measure 
on his farm. It is a rating task for preferences for levels per attribute. Because we 
included eight attributes with three levels, in total 24 preferences were asked in 
eight steps, one step for each attribute. For the attribute “long term investments in 
the milking parlour”, the question is presented in Figure I. 
 
 

Indicate whether you would like to implement these measures on your farm in a situation 
where you want to improve your mastitis situation. 
 
 Definitely 

not 
 Probably 

not 
 Probably 

yes 
 Definitely 

yes 
Automatic cleaning 

milking machine        

Implement better milking 
claws        

Implementing sensor 
technology        

 
Figure I. Example of the section 1 question for the attribute “long term investment in the milking 
parlour”. 
 
 
The preferences are converted to quantitative values. In the example in Figure 1 the 
most left button (definitely not) will get a value of -3 and the button most right 
(definitely yes) the value +3. For each attribute, the average is calculated to center 
its values at zero. The values for each attribute are scaled to have a range of unity. 
For example, values of 3, 0, and -3 would be converted to .5, 0, and -.5.  
 
The second section asked the farmers to state if they have a preference for a level 
within an attribute. The highest and least preferred levels of each attribute are 
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displayed and the farmers were asked to indicate how strong his preference is to get 
the best level of that attribute instead of the worst one. An example of such a 
question is included in Figure II. In total this section consisted of 8 questions, one 
for each attribute. 
 
 

 Do you have a preference for one of the two mentioned management measures? 
 
 No 

preference 
 Preference  Strong 

preference 
 Very 

strong 
preference 

Implement better 
milking claws        

Or        
Implementing sensor 

technology        

 
Figure II. An example of a section 2 question where two levels of one attribute are being compared, 
in this case dealing with management measures of the cost factor “long term investments in the 
milking parlour”.  
 
 
The resulting values are initial estimates of utilities, with these characteristics:  
-  Within each attribute the values have a mean of zero, 
- For each attribute the range of utility values for the levels within that attribute is 
proportional to stated importance, and attribute importances differ by at most a 
factor of 4, the maximum number of scale points that can be specified for 
importance questions  
Section one and two result in part worth utilities which are the sum of the utilities 
for the different levels of each attribute. The initial estimates of utilities, derived 
from questions from section one and two are used to decide which attributes to 
focus on in the following section. 
 
The third section in this questionnaire dealt with the conjoint task by making paired 
comparison questions. ACA first focuses on the attributes that the farmer already 
stated were most important. It uses the information from the two earlier sections to 
construct two management alternatives (described by various combinations of 
attribute levels) that are nearly balanced in preference. In total 21 paired questions 
were asked as suggested by the method by setting the number of pairs equal to 
3(N-n-1)-N where: 
N = the total number of levels (24) 
n = the total number of attributes (8) 
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An example of a section 3 question where different combinations of levels were 
shown of different attributes is presented in Figure III. 
   

Which of the two combinations do you prefer? 
 

Or Better bedding material 
Optimising climate  

Milking in groups 
Better teat disinfection 

         
Strong 

preference 
Left 

 Preference 
left  No 

preference  Preference 
right  Strong preference 

right 

 
Figure III. Example of a section three question where different levels of attributes are combined. 
 
 
The farmers’ answer at each step is used to select the next paired comparison 
question in such a way that as much information as possible is collected. This is 
done by updating the estimates of the farmers’ part worth utilities after each page 
of paired comparison responses is submitted. This allows ACA to evaluate many 
attributes without asking the respondents to deal with too much information in the 
questionnaire.  
 
An independent variable matrix is constructed with as many columns as levels 
taken forward to the “pairs questions” (X). If a level is displayed within the left 
concept, it is coded as -1; levels displayed within the right-hand concepts are coded 
as +1. All other values in the independent variable matrix are set to 0. A column 
vector (y) is created for the dependent variable as follows: the farmers’ answers are 
zero-centered, where the most extreme value for the left concept is given a -4, and 
the most extreme value on the right +4. Interior ratings are fit proportionally within 
that range. Each “pairs question” contributes a row to both the independent 
variable matrix (X) and dependent column vector (y). Additionally an n x n identity 
matrix is appended to the independent variable matrix, where n is the total number 
of levels taken forward to the “pairs questions”. An additional n values of 0 are 
also appended to the dependent variable matrix. The resulting independent variable 
matrix and dependent variable column vector each have t + n rows, where t is the 
number of pairs questions and n is the number of levels taken forward to the “pairs 
questions”. Ordinary least square estimates of the n attribute levels are computed 
by regressing the dependent variable column vector on the matrix of independent 
variables.   
 
Algorithms for updating respondent’s utilities are given below. 
Let X’ be a matrix of predictor variables for a new observation 
Let y be a vector of responses for the first n observations. 
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Let z’ be a row vector of predictor values for a new observation, appended as a row 
to X. 
Let r be a response for the new observation. 
Considering only the first n observations, we have the regression equation:  
Xb ~y 
    n 

Where  
bn = (X’X)-1(X’y) (1) 

is the vector of coefficients that would be obtained by least square estimation based 
on the first n observations. Now consider adding one observation. The expanded 
layout is: 

⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
+ r

y
z
X

~ b
' 1n

(2) 

 
Where bn+1 ~  (X’X + z’z)-1(X’y + zr) 
is the least squares estimate based on n+1 observations. Suppose we already have 
bn, X, y, z, and r, and we want to obtain bn+1. First consider an identity. Let 
 

v = (X’X)-1z. (3) 
Then it can be shown that 

( )
zv

vvXXzzXX
'1
')'('' 11

+
−=+ −− (4) 

 
Substituting into equation (2), we get 

zv
bzr

vbb n
nn '1

'
1 +

−
+=+

(5) 

 
Equation (5) gives a formula for updating the utilities of each level following each 
response, the inverse as in equation (4) also has to be updated. This is a significant 
savings when compared to the cost of re-estimating “from scratch” after each 
response, and the final results are identical.  
 
In the fourth section a consistency check was done by showing the farmers a 
package of management measures. ACA attempts to measure each farmers’ degree 
of involvement by asking “preferences of applying” questions for several concepts 
that differ widely in attractiveness. The data obtained from those concepts is useful 
to analyse correlations between utilities and likelihood responses. An example of 
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such a question is presented in Figure IV. In total 5 packages were presented to the 
farmer to be scored, with varying utilities. 
 

Please give a value between 0 and 100 for the combination of measurements below. 

Implementing censor technology 

Extra supervision and advice 

Better bedding material 

Longer pre-treatment 

Extra cleaning of the boxes 

Better teat disinfection 

 

 
Figure IV. An example of a section four question where a package of levels of different attributes is 
presented. 
 
Farmers whose preference responses are not related to their utilities as estimated 
after section three, should probably not be included in the data analysis and results. 
Each farmer is first shown what would be the least attractive possible concept, 
followed by the most attractive possible concept, as determined from his or her 
own answers. Those two concepts establish a frame of reference. The remaining 
concepts are of intermediate attractiveness. An intercept and regression coefficient 
is determined for the utilities to best predict logits of likelihood responses. Those 
parameters are then used in a final scaling of utilities, which are therefore no longer 
arbitrarily scaled. The procedure is as follows: Let 
P = the predicted preference of applying a concept 
x1 = the concept’s utility based on the final “uncalibrated” utilities  
b1 = the coefficient used to weight the utilities  
a = an intercept parameter  
The actual preference response is a single digit on a scale with n points. Responses 
are trimmed to the range of 5 to 95. Then, using the logit transformation, we model 
the applying preference as a function of the respondent's utilities as:  
ln [ p / (100 - p) ] ~ a + b1x1  
If the regression coefficient is negative, it is assumed the estimation is faulty and a 
conservative positive value is used. The R-squared reported in the data file is set to 
0 in such cases. To calibrate the utilities, each is multiplied by b1. The intercept, a, 
is divided by the number of attributes, and the quotient added to the utility for 
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every attribute level. The utilities can be added up and antilogs of their sums are 
predictions of odds ratios for claimed preferences of applying any concept, just as 
though that concept had been included in the calibration section of the 
questionnaire.  
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ABSTRACT 
 
Many different management measures are available to control mastitis, a very 
costly disease in the dairy sector. The objective of this paper was to evaluate the 
costs and efficacies of 18 of these management measures, specified for contagious 
and environmental pathogens, and their effect on bulk tank somatic cell count 
(BTSCC) and incidence of clinical mastitis (CM). To determine the efficacies for 
these management measures, literature data and expertise were combined using 
Monte Carlo expert evaluation analysis. The effect of management measures varied 
with the incidence of CM and BTSCC, as well as for environmental and contagious 
problems. On average post milking teat disinfection was found to be the most 
effective measure in all situations. All management measures had quite a large 
uncertainty around the most likely value. Results of a Data Envelopment Analysis 
showed that four of the management measures included form the frontier (the most 
cost-efficient measures): keeping cows standing after milking, rinse clusters after 
milking a clinical case, using a separate cloth for all cows, and wearing milkers’ 
gloves. From the top 25 management measures (the 18 base management measures 
including levels of compliance), 8 were measures with 100% compliance; the 
others were sublevels of these measures with compliance varying between 25% 
and 100%. A lower hourly rate of the farmer did not influence management 
measures from the best practice frontier, but had some effect on the efficiency 
scores of the other management measures.  
 
Keywords: mastitis, decision support, management efficacy, data envelopment 
analysis 
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INTRODUCTION 
 
Mastitis is an endemic disease in the dairy sector worldwide and causes, amongst 
others, serious economic consequences (Halasa et al., 2007). Mastitis expresses 
itself in two ways: subclinical mastitis with bulk tank somatic cell count (BTSCC) 
as an often used parameter and clinical mastitis (CM) expressed as the incidence 
rate of CM (Barnouin et al., 2005). It is difficult to control mastitis, because it is a 
multi-factorial disease, has numerous causative bacteria and can be transmitted 
from cow to cow (contagious mastitis) and from environment to cow 
(environmental mastitis). The primary source of the contagious pathogens is 
infected mammary glands. Spread of these pathogens within a herd occurs mainly 
during milking. Environmental mastitis pathogens reside in the environment where 
cows live. Control of environmental mastitis pathogens is best achieved by 
maintaining a clean, dry environment for lactating and non-lactating cows and by 
optimizing host resistance. The multifactorial nature of mastitis means that there 
are many risk factors for mastitis, requiring a number of different management 
measures to control.  
 
In daily practice, advice given on management measures is often intuitively based. 
As a consequence farmers sometimes receive contradictory advice from different 
sources, leading to a low adoption rate of any measures. Literature on the efficacy 
of management measures mostly gives general values which are not applicable in a 
farm specific situation. Additionally, for most farmers and advisors it is not 
feasible to summarize all studies and effects found to get an overview of the 
efficacy of the management measures in relation to the accompanying costs. 
Economic consequences of management measures often are left out in advice and 
decision support, despite being a very important consideration for farmers. 
Quantitative data on continuous variables are usually a prerequisite for sound 
decision making. Preferably, such data are derived from field studies and 
experiments. However, these data often are not (yet) available or, if available, 
incomprehensive, unreliable, and/or only indirectly applicable or not at all. This 
results in decisions being made without correct and complete information. In such 
situations, expert judgement is the only way to gain the required knowledge 
(Seabrook, 1984).  
 
It is known that factors other than technical factors also play a role in differences 
between farmers (Barkema et al., 1999; Seabrook, 1984). It is, for example, only 
by consistent application of control practices that the maximum effect will be 
achieved. Although in decision support, management measures are assumed to be 
implemented complete and correct, management attitude and the application 
quality of management practices are not always easy to determine. To account for 
this phenomenon, compliance levels and their effects were included in this study.  
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The objective of this paper was to analyze the efficacies of management measures 
regarding mastitis and their accompanying costs, specified for contagious and 
environmental pathogens, and their effect on BTSCC and CM. Furthermore, Data 
Envelopment Analysis was used to express the joint effect of the management 
measures in relation to their costs in a technical efficiency index. 
 
 
MATERIALS AND METHODS 
 
Management measures 
As a first step, the management measures were selected for which we needed 
information about efficacies for a mastitis problem, varying from 100% 
environmental to 100% contagious. Efficacies were needed specified on BTSCC 
and on the incidence of CM. These management measures came from the 10 point 
plan of the NMC (www.nmconline.org), that was the base of the more specified 
management measures as advised by the Dutch Udder Health Center (Table I). 
 
Efficacy of management measures 
Two kinds of inputs were used to determine the efficacy of different management 
measures. First, an extensive literature search was carried out. All peer-reviewed 
papers in scientific journals from 1996 to 2006, and papers describing field 
experiments from 1986 to 2006, were searched. A structured search was conducted 
on Web of Science (apps.isiknowledge.com), based on a combination of terms. 
First, papers about mastitis, somatic cell count, or bulk milk were selected. These 
papers were then searched for one or more of the terms: dairy, bovine, cattle, 
heifer, and cow. Finally, papers were selected from the above set if they contained 
the management measures included in this study (Table I). Results as described in 
these papers had to be quantified as a percentage decrease in BTSCC or in 
incidence of CM related to one of the management measures. Selected papers were 
valued from 0 (not relevant) to 3 (very relevant), based on availability of data, 
country, materials and methods, and the potential to recalculate the data from the 
paper to a percentage decrease in BTSCC or incidence of CM. Because literature 
was incomplete, expert opinions were additionally included based on a 
questionnaire. To reach experts from different fields, three expert sessions were 
organized: one for dairy farmers, one for veterinarians, and one with experts from 
different milk and feed industries. Experts from the dairy industry were the dairy 
farm and mastitis experts in their company and are well-known persons in the field 
of mastitis. The expert veterinarians were the ones that were asked as experienced 
practitioners in the veterinary expert panel of the Dutch Udder Health Center. The 
farmers in our study were farmers that were involved in the farmers’ advisory 
group of the Dutch Udder Health Center.  
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Table I. Management measures included in the literature search and expert survey based on the NMC 
10 point plan and the Dutch Udder Health Center. 
 
 Management measure description Short description Effect 

imperfect 
compliance 

1 After milking, cows are kept standing for at 
least 30 minutes 

Keep cows standing  Binary 

2 Decrease the number of cows to prevent 
overcrowding 

Prevent overcrowding S-Curve 

3 Clean the stalls twice every day and make sure 
enough and clean bedding material is present 

Clean stalls Linear 

4 Manually clean the yards twice every day Clean yards Linear 
5 All cows with clinical signs are milked last Milking clinical cases last Linear 
6 All cows with an elevated SCC (>250,000 

cells/ml) are milked last 
Milking subclinical cases 
last 

Linear 

7 For all cows a separate cloth is used to clean the 
udder before attaching the cluster 

Separate cloth Linear 

8 Dirty udders are washed with water and are 
dried before attaching the cluster 

Wash dirty udder Linear 

9 All cows are prestripped Prestripping Linear 
10 During every milking milkers’ gloves are worn Milkers’ gloves Binary 
11 All cows are treated with a good teat 

disinfectant after milking 
Post milking teat 
disinfection 

S-Curve 

12 After milking a cow with clinical signs the 
cluster is rinsed with hot water before another 
cows is milked 

Rinse clusters clinical  Linear 

13 After milking a cow with subclinical mastitis the 
cluster is rinsed with hot water before another 
cows is milked 

Rinse clusters subclinical  Linear 

14 Teat cup liners are replaced according to the 
manufacturer’s norm 

Replace teat cup liners Linear 

15 A treatment protocol is set up together with a 
veterinarian and every month the therapies are 
evaluated together 

Treatment protocol Linear 

16 All cows are dried of with an appropriate 
antibiotic 

Drying off Linear 

17 Add appropriate minerals to the feed of dry 
cows 

Dry cow minerals S-Curve 

18 Optimize the feed according to farm specific 
needs 

Optimize feed S-Curve 

 
 
These two panels of the Dutch Udder Health Center (one for veterinarians and one 
for farmers) have to advice the Center in research as well as knowledge-transfer 
issues related to activities in order to improve udder health. The experts were asked 
to indicate a minimum, most likely and maximum effect for every management 
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measure, specified for a 100% environmental mastitis problem and a 100% 
contagious mastitis problem. They were asked to indicate these effects for a default 
farm, defined as a farm under Dutch circumstances, with 65 milking cows, a 
milking parlor with 12 places, a BTSCC of 200,000 cells/ml and a clinical mastitis 
incidence of 30 cases per 100 cows per year (thus, 20 cases for the default herd). In 
the default situation 65% of the mastitis problems were caused by environmental 
mastitis pathogens and 35% by contagious mastitis pathogens. 
 
The results of the expert sessions and the literature search were combined to 
determine the efficacy of the management measures using Monte Carlo expert 
evaluation analysis. Analysis was carried out using @Risk (Palisade Corporation, 
Ithaca, NY). To represent the uncertainty in the values given by the experts 
(minimum, most likely, and maximum values), a distribution was assigned for 
every expert answer. This distribution was a constant value when only the most 
likely value was given, a uniform distribution when the minimum and maximum 
were given, and a triangular distribution when the minimum, most likely, and 
maximum were given.  
 
After reaching convergence, defined as no more than a 1% change of the standard 
deviation of the outcome, values of all individual experts were combined in one 
overall pert distribution representing the final expert minimum, mean, and 
maximum value. As a last step, expert based values were combined with literature 
findings, where the combined value of the experts were assigned to the weighing 
factor 1, and literature got a weighing factor 2, 1, 0.5, and 0 respectively for 
relevancy scores 3, 2, 1, and 0. This resulted in a minimum, most likely, and 
maximum value of efficacy for all management measures (Figure I).  
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Figure I. Schematic overview of Monte Carlo expert evaluation  
 
 
Compliance  
Because many management measures can be implemented using variable levels of 
precision and completeness, three sublevels of compliance were included: (i) 75% 
compliance, (ii) 50% compliance, and (iii) 25% compliance. The values derived 
from literature and expertise were assumed to be 100% compliance (Cmax). Three 
different types of effects of imperfect compliance were defined. The first type 
included management measures which had a binary effect and were assumed to be 
either implemented or not implemented, without the possibility of partial 
compliance. The second type was a linear effect type, which meant that the effect 
on a decrease in incidence of CM and BTSCC decreased linearly with a decreasing 
compliance. The third type was a S-curve effect type for management measures 
which had a change-over point (Formula I). 
 

)()2/)(((
max 1/ startendstartendstart effecteffectCeffecteffecteffectshapeCEffect −−−−++= I 
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Where Cmax is the maximum compliance derived from literature and expertise, 
effectstart is the minimum compliance level needed to start the effect, effectend is the 
compliance level at which the maximum effect is reached, and C is the current 
compliance level.  
 
A detailed description of the management measures and the description of the 
sublevels is given in Appendix A. 
 
Costs of management measures 
For all management measures, costs were identified and calculated. All costs were 
calculated per year for a default Dutch dairy farm of 65 milking cows, with a 
milking parlor with 12 milking places. Costs were based on information from 
different suppliers. The expertise of the authors was used when no concrete 
information was available. The extra costs of milking clinical cases and subclinical 
cases last included labor time and the provision of a fence necessary to keep the 
cows separated. For using separate cloths for every cow, costs included extra labor 
and extra cloths, an increase from using one cloth for six cows. Cleaning a dirty 
udder with water and drying afterwards included costs for labor, extra water use, 
and extra cloths for drying. For prestripping and cleaning the yards, only costs for 
labor were included. Wearing milker’s gloves only included costs for the gloves. 
Post milking teat disinfection included costs for labor, teat dip, and the dip cup. 
The measures of manually rinsing the milking clusters after milking a clinical case 
or after milking a subclinical case included costs for labor and water. Replacing 
teat cup liners as advised included costs for extra liners (as compared to longer use) 
and labor. Costs of implementing a treatment protocol included costs for the 
veterinarian and labor of the farmer. For drying off with antibiotics, costs for the 
antibiotics and labor were included. To keep the cows standing after milking, extra 
costs for a more complex and expensive feed fence were included (30% of the 
costs). The costs for feeding dry cow minerals and optimizing the lactation feed 
consisted of extra feed and labor costs. Cleaning the stalls included costs for labor 
and for extra bedding material. The cost effects of decreasing overcrowding was 
calculated based on a lower milk production at the herd level, partly compensated 
by lower feeding costs, veterinarian costs, labor, and a compensation for not 
fulfilling the quota.    
 
Technical efficiency of management measures: data envelopment analysis 
Data envelopment analysis (DEA) is a widely used linear programming technique 
in operations research and economics for evaluating the technical and economic 
performance of producers. Producers are typically evaluated in terms of their 
ability to minimize the use of input need to produce a given quantity of output, or 
to maximize production of output from a given quantity of inputs. An important 
feature of the approach of DEA is that performance is judged in relative terms, i.e., 
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the performance is measured relative to the best practice in a comparison group of 
producers. The method constructs a benchmark for each individual operation (in 
this case a management measure) that is based on actual observed achievements in 
other operations (other management measures). This benchmark is called the best 
practice frontier.  
 
For this study, DEA was used to construct a measure of technical efficiency that 
allows the comparison of mastitis control measures on the basis of their costs and 
efficacy. The input used in the DEA was the cost of the management measure per 
year. Two outputs were used, the percentage decrease in BTSCC and the 
percentage decrease in incidence of CM. These outputs were the result of the 
Monte Carlo expert evaluation analysis. As an illustration, Figure II presents four 
hypothetical management measures, each using one ‘input’ (costs in €/year) to 
produce two different ‘outputs’ (y1 = efficacy in percentage decrease in incidence 
of CM, and y2 = efficacy on percentage decrease in BSTCC). Management 
measures 1, 2, and 3 are benchmark measures: they are located on the best practice 
frontier. Management measure 4 uses the same inputs as 1, 2, and 3 but produces 
less of both outputs, i.e. this measure is in the interior of the output set, and is not 
as efficient as 1, 2, and 3. The radial distance of management measure 4 from the 
best practice frontier, its technical efficiency, is given by 0e.s./0mm4 where e.s. 
stands for efficiency score and mm4 for management measure 4, which can also be 
thought of as the ratio of maximum potential output (at e.s.) to actual or observed 
output (at mm4). This measure is referred to as the Farrell Output Oriented 
Measure of Technical Efficiency (F0 (x,y)).  
 

)},|(:max{),|,(0 WCxPyWCyxF ∈= θθ II 

 
Where C refers to Constant Returns to Scale (CRS), W to weak disposability of 
output and θ to a positive scalar reflecting the radial distance between the actual 
output and the output on the best practice frontier. 
 
Under CRS, proportional changes in inputs result in the same proportional changes 
in output. The assumption of CRS was made because sublevels of the management 
measures were included in the models to account for the variation. Weak 
disposability indicates that outputs cannot be disposed of without costs. The 
assumption of weak disposability was checked by assessing the extent to which the 
outputs are subject to congestion. This assessment revealed that the congestion 
efficiency was low, indicating that in some ranges of the production frontier, a 
reduction in the percentage of incidence of CM (percentage BTSCC) cannot be 
achieved without additional costs or without increasing the percentage BTSCC 
(percentage incidence of CM). The frontier under weak disposability is indicated as 
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the triangle of black lines in Figure II. The dashed line indicates the frontier under 
the assumption of strong disposability. In Figure II, this would mean that mm3 
would not be on the best practice frontier under strong disposability, but is on the 
best practice frontier under the assumption of weak disposability. 
 
Under CRS and weak disposability of outputs, the output set for each management 
measure (i) is described by: 
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Where K is the total number of management measures, x is the input (costs), m are 
the outputs (effect on decrease in incidence of clinical mastitis and effect on 
decrease in BTSCC), and zk,k=1,…,K are the intensity variables. 
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Figure II. Graphical representation of the theoretical best practice frontier (with mm indicating 
different management measures and mm1, mm2, and mm3 being the benchmark measures, e.s. the 
overall efficiency score, e.s.’ the efficiency score for subvector y1, and e.s.’’ the efficiency score for 
subvector y2. 
 
 
The above described output-based technical efficiency measure scaled each output 
with the same factor θ. For calculating the efficiency of the management measures 
on the two individual outputs, sub-vector efficiency measures were introduced, in 
order to generate technical efficiency measures for a subset of outputs rather than 
for the entire vector of outputs. Figure 2 presents the overall efficiency measure by 
line mm4 – e.s. When analyzing the subvector efficiency measure, this is split up in 
line mm4 – e.s.’’ for subvector y2 and the line mm4 – e.s.’ for subvector y1. 
 
The analyses were carried out for 3 different situations: (i) efficacies on BTSCC 
and incidence of CM for a default distribution of environmental and contagious 
pathogens, (ii) efficacies on BTSCC and incidence of CM for a 100% 
environmental problem, and (iii) efficacies on BTSCC and incidence of CM for a 
100% contagious problem.   
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RESULTS 
 
A total of 436 papers were selected from literature of which 175 were unsuitable 
due to irrelevancy (for example because it was not original research or none of the 
selected management measures were included). In total 218 papers were excluded 
because values could not be recalculated to a percentage decrease in incidence of 
CM and/or BTSCC. The recalculation could not be done because, for example, 
only relative risks or odd ratios were mentioned, without information about the 
number of animals or farms in the different groups. Therefore it was not possible to 
recalculate this to a percentage decrease. Also, there were some papers only 
mentioning an increase or decrease in incidence of CM or BTSCC without 
quantifying this effect. Therefore, 43 papers were used in this study and were 
included as input for the Monte Carlo expert evaluation analysis. During the three 
expert sessions, 15 experts were surveyed on the efficiencies. Table II presents the 
combined effects from literature and experts found for the different management 
measures. The effects of the management measures are given as a percentage 
decrease in incidence of CM and as a percentage decrease of BTSCC for a 100% 
environmental and a 100% contagious situation. On average, post milking teat 
disinfection had the biggest effect in terms of a decrease in incidence of CM and 
BTSCC for both an environmental and a contagious problem. Wearing milker’s 
gloves had the smallest effect on CM, also for both an environmental and 
contagious problem. Using a separate cloth had the smallest effect on BTSCC with 
an environmental problem, and cleaning the yards twice a day had the smallest 
effect on BTSCC for a contagious problem. The ranking of the management 
measures varied between the different situations (milking subclinical cases last for 
an effect on BTSCC or for an effect on incidence of CM with an environmental 
problem). For all management measures in all situations, a large variance (min; 
max) was found, indicating the uncertainty and/or variation of the efficacies.  
 



Table II. Most likely effects (Ml, with ranking between brackets) and minimum (Min) and maximum (Max) effects for the different management measures 
given as a percentage decrease in incidence of clinical mastitis (CM)  and BTSCC for a 100% environmental and a 100% contagious situation. 
 
Management measure Effect on incidence of CM  Effect on BTSCC 

 ental  E ental Contagiou  Environm Contagious nvironm s

 Ml (ranking) Min ; Max Ml 
(ranking) 

Min ; Max Ml 
(ranking) 

Min ; Max Ml  
(ranking) 

Min ; Max 

Milking clinical cases last 4.75 (15) 3.11 ; 6.58 9.56 (7) 6.98 ; 12.50 14.37 (5) 12.78 ; 15.91 17.46 (5) 15.81 ; 19.05 

Milking subclinical cases last 2.63 (17) 1.52 ; 4.25 12.08 (5) 8.17 ; 16.58 20.91 (2) 18.31 ; 24.53 25.98 (2) 23.91 ; 27.80 

Separate cloth 6.08 (10) 3.21 ; 8.96 9.61 (6) 5.59 ; 13.84 2.63 (18) 1.58 ; 3.66 5.45 (15) 4.10 ; 6.81 

Wash dirty udders 6.68 (9) 4.50 ; 9.03 4.60 (15) 3.11 ; 5.93 5.94 (16) 5.55 ; 6.32 5.32 (16) 4.93 ; 5.73 

Prestripping 2.99 (16) 1.68 ; 4.35 2.94 (17) 1.61 ; 4.38 13.62 (6) 12.32 ; 14.94 14.09 (7) 12.42 ; 15.80 

Milkers’ gloves 0.26 (18) 1.68 ; 4.35 1.81 (18) -8.59 ; 8.66 3.19 (17) 1.75 ; 4.45 6.21 (14) 4.67 ; 7.68 

Post milking teat disinfection 36.51 (1) 31.97 ; 39.23 37.15 (1) 32.44 ; 40.08 33.84 (1) 33.03 ; 34.68 36.16 (1) 33.56 ; 40.27 

Rinse clusters clinical  5.03 (12) 1.05 ; 8.72 8.55 (9) 1.90 ; 14.25 7.91 (12) 5.47 ; 10.28 12.81 (8) 9.80 ; 15.84 

Rinse clusters subclinical  5.03 (12) 1.05 ; 8.72 8.55 (9) 1.90 ; 14.25 7.91 (12) 5.47 ; 10.28 12.81 (8) 9.80 ; 15.84 

Replace teat cup liners 6.03 (11) 3.69 ; 8.44 7.82 (11) 5.68 ; 9.68 7.81 (14) 5.84 ; 9.57 8.09 (12) 5.35 ; 10.80 

Treatment protocol 5.03 (12) 2.56 ; 7.81 6.02 (12) 3.53 ; 8.77 8.01 (11) 4.03 ; 12.18 9.92 (10) 6.28 ; 13.42 

Drying off  11.75 (5) 7.41 ; 16.28 14.02 (4) 8.94 ; 19.72 18.69 (4) 13.50 ; 23.76 21.10 (3) 15.34 ; 26.83 

Keep cows standing  9.47 (7) 5.94 ; 13.19 5.18 (14) 2.94 ; 7.47 7.01 (15) 4.75 ; 9.20 4.34 (17) 2.77 ; 5.75 

Dry cow minerals 14.98 (3) 11.19 ; 18.90 14.27 (3) 10.87 ; 17.98 20.89 (3) 19.60 ; 22.21 20.18 (4) 19.16 ; 21.27 

Prevent overcrowding 12.06 (4) 7.98 ; 16.25 8.75 (8) 5.59 ; 12.10 13.52 (8) 9.20 ; 17.31 9.87 (11) 6.46 ; 13.06 

Clean stalls 11.57 (6) 7.94 ; 15.42 5.55 (13) 3.04 ; 8.40 12.64 (9) 8.65 ; 16.54 7.20 (13) 4.85 ; 9.57 

Clean yards 8.17 (8) 4.84 ; 11.76 4.28 (16) 2.25 ; 6.58 8.17 (10) 5.47 ; 10.53 3.19 (18) 2.04 ; 4.34 

Optimize feed 17.00 (2) 12.44 ; 21.73 16.48 (2) 12.27 ; 20.82 13.45 (7) 10.62 ; 16.25 14.44 (6) 11.75 ; 17.07 
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The effects of an imperfect compliance of the management measures are presented 
in Table I. An imperfect compliance has a linear effect on most management 
measures, except for wearing milker’s gloves and for keeping cows standing, 
which has a binary effect; and for post milking teat disinfection, dry cow minerals, 
overcrowding, and optimizing feed, which has an S-curve effect. Costs of the 
management measure are presented in Table III as labor costs, expenditures and 
total costs. Total costs varied between €34 (rinse clusters CM) and €7,994 (rinse 
clusters subclinical). Some management measures (prestripping and cleaning 
yards) consisted only of labor costs and therefore the expenditures were set to €0. 
For the other management measures the expenditures varied between €10 (rinse 
clusters CM) and € 2,300 (rinse clusters subclinical). 
 
 
Table III. Costs for implementing the management measures, given as labour costs (€/year), 
expenditure (€/year) and total costs (€/year) for a dairy farm of 65 milking cows with a 12 place 
milking parlor under Dutch conditions. 
 
Management measure Costs 

 Labor (€/year) Expenditures (€/year) Total (€/year) 

Milking clinical cases last 2190 200 2390 

Milking subclinical cases last 6570 200 6770 

Separate cloth 237 1424 1661 

Wash dirty udders  142 58 200 

Prestripping 2190 0 2190 

Milkers’ gloves 0 73 73 

Post milking teat disinfection 949 1095 2044 

Rinse clusters clinical  24 10 34 

Rinse clusters subclinical  5695 2300 7994 

Replace teat cup liners 108 720 828 

Treatment protocol 144 360 464 

Drying off  36 560 596 

Keep cows standing  0 109 109 

Dry cow minerals 108 750 858 

Prevent overcrowding 250 1250 1500 

Clean stalls 3285 200 3485 

Clean yards 3285 0 3285 

Optimize feed 108 1473 1581 
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Results of the DEA analyses are graphically depicted in Figure III. This figure 
shows the most cost-efficient management measures (rinse clusters clinical, 
separate cloth, keep cows standing, and wearing milker’s gloves) in a default 
situation as the best practice frontier. The other management measures are 
presented as well. The larger the distance to the best practice frontier, the less cost-
efficient the management measure is.  
 

             

0,2 
12

0,18 

0,16 

0,14 

0,12 Effect on 
CM /costs 0,1 

0,08 1
  

0,06 

0,04 
8

0,02 1611 177 18 101514
0 2

0 0,3 0,05 0,1 0,15 0,2 0,25

Effect on BTSCC/costs 

Figure III. Best practice frontier of the management measures assuming 100% compliance (y1= % 
decrease in incidence in clinical mastitis, y2= % decrease in bulk tank somatic cell count, 1=keep 
cows standing, 2= prevent overcrowding, 3= clean stalls, 4= clean yards, 5= milking clinical cases 
last, 6= milking subclinical cases last, 7= separate cloth, 8= wash dirty udder, 9= prestripping, 10= 
milkers’ gloves, 11= Post milking teat disinfection, 12= rinse clusters clinical, 13= rinse clusters 
subclinical, 14= replace teat cup liners, 15= treatment protocol, 16= drying off, 17= dry cow minerals, 
and 18= optimize feed. 
 
 
Results of the DEA analysis, assuming 100% compliance of the management 
measures, are presented in Table IV. According to these results, 4 management 
measures had an efficiency score of 1 in the default situation, which means they 
had the highest overall efficacy relative to their costs and describe the best practice 
frontier. Management measures with an efficiency score of 1 are “optimal”. A 
management measure with a score of 0.34 (wash dirty udder) looses 66% of cost-
efficiency in comparison with the most efficient management measures. Lower 
costs of labor (set to €5 instead of €18) did not influence the management measures 
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describing the best practice frontier, but had some effect on the efficiency scores of 
the other management measures (e.g., prestripping).  
 
 
Table IV. Efficiency scores resulting from the Data Envelopment Analysis under constant returns to 
scale and weak disposability of management measures assuming 100% compliance for a default 
situation, a 100% environmental problem, and a 100% contagious problem, and with assumed lower 
costs of labour (€5). 
 

Management measure default environmental contagious default_lowlab 

Rinse clusters clinical 1.00 1.00 1.00 1.00 

Separate cloth 1.00 1.00 1.00 1.00 

Keep cows standing 1.00 1.00 1.00 1.00 

Milkers’ gloves 1.00 1.00 1.00 1.00 

Wash dirty udder 0.34 0.68 0.54 0.66 

Post milking teat disinfection 0.21 0.26 0.46 0.30 

Optimize feed 0.14 0.12 0.22 0.14 

Drying off 0.13 0.08 0.05 0.07 

Dry cow minerals 0.12 0.10 0.08 0.09 

Prestripping 0.10 0.40 1.00 0.37 

Treatment protocol 0.08 0.05 0.09 0.07 

Replace teat cup liners 0.07 0.05 0.16 0.07 

Milking clinical cases last 0.07 0.24 0.10 0.18 

Prevent overcrowding 0.07 0.06 0.07 0.06 

Milking subclinical cases last 0.05 0.22 0.09 0.17 

Clean stalls 0.03 0.08 0.04 0.07 

Clean yards 0.02 0.08 0.29 0.08 

Rinse clusters subclinical 0.00 0.00 0.00 0.00 
 
 
Table V presents the DEA results for the top 25 management measures (regarding 
efficiency scores) including imperfect levels of compliance. Of the 25 management 
measures, 8 were 100% compliance measures. The other management measures 
were sublevels of these 8. The 10 highest ranked management measures consisted 
of using separate cloths and rinse clusters clinical including all sublevels of 
compliance with wearing milkers’ gloves and keep cows standing both at 100% 
compliance. The other management measures consisted of all sublevel of wash 
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dirty udders and prestripping, the upper three sublevels of post milking teat 
disinfection, the upper two sublevels of optimizing feed, replacing teat cup liners 
(25%), and dry cow minerals (75%).  
 
 
Table V. Efficiency scores resulting from the Data Envelopment Analysis for the top 25 management 
measures (compliance level indicated between brackets). 
 

Management measure default environmental contagious 

Separate cloth (50%) 1.00 0.99 0.37 

Milkers’ gloves (100%) 1.00 1.00 1.00 

Rinse clusters clinical (50%) 1.00 1.00 1.00 

Rinse clusters clinical (25%) 1.00 1.00 1.00 

Keep cows standing (100%) 1.00 1.00 1.00 

Separate cloth (75%) 0.99 1.00 0.37 

Rinse clusters clinical (75%) 0.75 0.75 0.76 

Separate cloth (100%) 0.71 0.71 0.27 

Separate cloth (25%) 0.71 0.71 0.27 

Rinse clusters clinical (100%) 0.50 0.50 0.51 

Wash dirty udder (75%) 0.39 0.40 0.32 

Wash dirty udder (50%) 0.34 0.36 0.28 

Wash dirty udder (100%) 0.32 0.33 0.26 

Wash dirty udder (25%) 0.28 0.29 0.23 

Post milking teat disinfection (75%) 0.22 0.19 0.34 

Post milking teat disinfection (50%) 0.20 0.17 0.31 

Post milking teat disinfection (100%) 0.20 0.17 0.31 

Optimize feed (75%) 0.15 0.13 0.22 

Optimize feed (100%) 0.14 0.12 0.20 

Prestripping (25%) 0.10 0.11 0.99 

Prestripping (100%) 0.10 0.11 1.00 

Prestripping (75%) 0.10 0.11 1.00 

Prestripping (50%) 0.10 0.11 0.99 

Replace teat cup liners (25%) 0.10 0.07 1.00 

Dry cow minerals (75%) 0.10 0.11 0.09 
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Results of the subvector analysis are presented in Table VI and show that of the 4 
management measures with an efficiency score of 1 in the default situation; only 
rinse cluster clinical had an efficiency score of 1 for both subvectors. The other 
management measures were shown to be more important to one of the two 
subvectors.  
 
 
Table VI. Efficiency scores resulting from the Data Envelopment Analysis of the default situation, 
with only management measures with 100% compliance included, including both outputs and 
efficiency scores for the two subvectors (Bulk tank somatic cell count (BTSCC), and incidence of 
clinical mastitis (CM)). 
 

Management measure default CM BTSCC 

Separate cloth 1.00 1.00 0.09 

Milkers’ gloves 1.00 0.15 1.00 

Rinse clusters clinical 1.00 1.00 1.00 

Keep cows standing 1.00 1.00 0.40 

Wash dirty udder 0.34 0.78 0.35 

Post milking teat disinfection 0.21 0.77 0.25 

Optimize feed 0.14 0.83 0.16 

Drying off 0.13 0.48 0.46 

Dry cow mineral 0.12 0.53 0.36 

Prestripping 0.10 0.14 0.88 

Treatment protocol 0.08 0.45 0.32 

Replace teat cup liners 0.07 0.58 0.23 

Prevent overcrowding 0.07 0.61 0.21 

Milking clinical cases last 0.07 0.27 0.45 

Milking subclinical cases last 0.05 0.15 0.72 

Clean stalls 0.03 0.49 0.22 

Clean yards 0.02 0.53 0.18 

Rinse clusters subclinical 0.00 0.32 0.29 
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DISCUSSION 
 
This study gives a comprehensive overview of the efficacies of 18 management 
measures on BTSCC and the incidence of CM. It would not be realistic to try to 
describe all possible management measures to decrease mastitis incidence, nor 
would it have added value. The 18 most important management measures were 
selected using the NMC 10 point plan and the management measures advised by 
the Dutch Udder Health Center. There are other farm characteristics, which were 
not included in the present study that can influence the efficiency scores of the 
management measures. One of those characteristics is the current udder health 
situation. On farms with a bad udder health situation (high BTSCC and/or high 
incidence of CM), management measures will have more effect than on farms that 
already have a good udder health situation. The efficacies included in our study 
were based on the situations in an average herd and the uncertainty of these 
efficacies was taken into account. The best method to quantify the effect of 
management measures from literature is to perform a meta-analysis, for which data 
of at least 5 papers are needed. For most of the management measures not enough 
literature data is available to perform a meta-analysis. Thus, the efficacies were 
based on a combination of literature and expertise. While for some management 
measures no literature data at all were available (e.g., treatment protocol), for other 
management measures quite some papers with data were published (e.g., post 
milking teat disinfection). This can give a bias in the papers included in the study, 
being not representative of the entire realm of mastitis research. This problem is 
dealt with by combining the data from literature with expertise. It was not possible 
to include more papers because of two important reasons. The first reason was 
irrelevancy of the paper for the aim of our study. This does have a positive effect 
that only more relevant and more representative papers were included. The second 
reason to exclude papers was because the percentage decrease in incidence of CM 
or BTSCC could not be subscribed to one of the included management measures. 
By presenting also the minimum and maximum effects of the management 
measures in different farm situations, insight in the uncertainty of the described 
effects of management measures was given. Additionally, when using data from 
literature, it has to be realized that publication bias might exist (Halasa et al., 
2009b). Thus, a combination of data from literature combined with expert opinions 
is both inevitable and desirable.  
 
On average, post milking teat disinfection had the biggest effect on a decrease in 
incidence of CM and BTSCC for both an environmental and a contagious problem. 
Post milking teat disinfection was also the management measure, for which most 
references (13) were available. Also for drying off, relatively much data were 
available from the literature (10), but the effects found for drying off were less 
(ranking between 3 and 5 depending on the situation). Wearing milker’s gloves had 
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the smallest effect on CM, for both an environmental and a contagious problem. 
Only a few (3) papers were available to be used in our study describing the effects 
of wearing milkers’ gloves. The variation in these effects was large and even 
negative in two of the papers (Peeler et al., 2000 and O’Reilly et al., 2006). 
Because these negative effects were also included in the analysis, this caused the 
low ranking based on the calculated most likely values.  
 
Using a separate cloth had the smallest effect on a BTSCC problem with an 
environmental background, and cleaning the yards twice a day had the smallest 
effect on BTSCC due to a contagious problem. The ranking of the management 
measures varied between the different situations (milking subclinical cases last for 
an effect on BTSCC or for an effect on incidence of CM caused by an 
environmental problem). This indicates that it is important to take farm-specific 
characteristics into account. For all management measures in all situations, a large 
variance was found, indicating the uncertainty of the efficacies. This indicates the 
variation that occurred when different papers were included which found different 
effects (e.g., post milking teat disinfection and drying off). It also indicates 
uncertainty when only (or mostly) expertise was used to determine the effects. This 
was the case, for example, for prevention of overcrowding and optimization of feed 
for which no references from literature could be used. Both of these measures were 
ranked high. It would be useful to gather more concrete information in the field 
about the effects of these measures. Then it would be possible to improve the 
accuracy of the models and thus the accuracy of the resulting advice. 
 
On average, the efficacies that came from the experts were lower than the values 
from the available literature. This was not a significant difference but could 
indicate a lack of confidence in the management measures by the experts. Only for 
separate cloth, milkers’ gloves, and rinse clusters (clinical and subclinical) the 
values derived from the experts were slightly higher than found in literature.  
 
DEA is commonly used in applied (agricultural) economics but is a new method in 
the field of dairy science. The method can be used to analyze efficient dairy 
producers as is done by Stokes et al. (2007), but it is also very useful for analyzing 
the cost-efficiency of management measures at farm level, as is done in this study. 
One of the characteristics of DEA is that the efficiencies are evaluated relative to 
the performance of other management measures. Thus, when new management 
measures are included in the analysis, the efficiency scores for all management 
measures may change. The method constructs a best practice frontier for each 
individual management measure that is based on actual observed effects within a 
group of similar management measures. An output-oriented measure of efficiency 
was used, meaning that for a given level of resources used, the best practice 
frontier management measures are those that have the highest efficacies. The 
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output oriented approach was used because this reflects reality best. Farmers want 
to have the biggest effect from the budget they have available. In standard advice, 
however, costs of management measures in relation to their effect are hardly taken 
into account. Measures are often proposed based on their assumed effect or are 
discouraged because of high costs, when cost-efficiency is hardly taken into 
account. Results show that management measures with the biggest effect are not 
necessarily the ones with best efficacy in relation to the costs. The clearest example 
in this study is post milking teat disinfection. Although it shows by far the highest 
efficacy in all situations, it is not a measure forming the best practice frontier, and 
so not a cost-efficient measure. However, wearing milkers’ gloves has a much 
lower effect but because the associated costs are low, this measure is very cost-
efficient.  
 
When calculating costs of management measures, labor is a difficult factor to take 
into account, mainly because it is difficult to determine an hourly rate. In 
agriculture, opportunity costs are rather small, and often set to 0. The sensitivity of 
the results for the assumed costs of labor was checked by setting it at a low (€5) 
value. The results indicated that the same management measures formed the best 
practice frontier. In our study only efficacies and costs were included, benefits 
derived from a decrease in incidence of CM or BTSCC were not included.  
 
 
CONCLUSION 
 
Management measures with the highest efficacy are not necessarily the ones with 
highest cost-efficiency. Results show that some management measures with a high 
efficacy (e.g., post milking teat disinfection) are not necessarily cost-efficient 
because their high associated costs, while measures with lower efficacies (e.g., 
milkers’ gloves) and lower associated costs are cost-efficient. When management 
measures are advised without taking their associated costs into account, the ranking 
of management measures will differ from the ranking when costs are taken into 
account. In a herd with an average udder health situation, the most cost-efficient 
measures are rinse clusters CM, use separate cloth, keep cows standing, and 
wearing milkers’ gloves.  
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APPENDIX A: Detailed description of the included management measures  
 
For the management measures included in this study a more detailed description of 
the best practice measure and the sublevels of imperfect compliance is given 
below. Three different types of effects of imperfect compliance were defined. The 
first type included management measures which had a binary effect and were 
assumed to be either implemented or not implemented, without the possibility of 
partial compliance. The second type was a linear effect type, which meant that the 
effect on a decrease in incidence of CM and BTSCC decreased linearly with a 
decreasing compliance. The third type was a S-curve effect type for management 
measures which had a change-over point. 
The reference list of references used as an input in the study can be obtained from 
the corresponding author. 
 
 
1) Keep cows standing 
 
Effect of imperfect compliance: binary 
 

- Best practice measure: 
o Cows are kept standing after milking for at least 30 minutes 

- 0% measure: 
o Cows are let loose after milking 

 
2) Prevent overcrowding 
 
Effect of imperfect compliance: s-curve 
 

- Best practice measure:  
o The number of cows is not higher than the number of stalls and 

eating places. 
- 75% measure:  

o The number of cows is not higher than the number of stalls and 
there are at least 56 eating places for a 65 cow farm (15%). 

- 50% measure: 
o There are at least 56 stalls and eating places for a 65 cow farm 

(15%). 
- 25% measure: 

o There are at least 50 stalls and eating places for a 65 cow farm 
(30%). 

- 0% measure: 
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o In general more then 30% overcrowding for stalls and eating 
places. 

 
3) Clean stalls 
 
Effect of imperfect compliance: linear 
 

- Best practice measure:  
o Stalls are cleaned twice every day and it is made sure that enough 

and clean bedding material is present. 
- 75% measure:  

o Stalls are cleaned twice every day.  
- 50% measure: 

o Stalls are cleaned once or twice a day, depending on the dirtiness 
and if necessary clean bedding material is provided. 

- 25% measure: 
o Stalls are cleaned once or twice a day, depending on the dirtiness.  

- 0% measure: 
o Stalls are cleaned when dirty; mostly this is once a day. 

 
4) Clean yards 
 
Effect of imperfect compliance: linear 
 

- Best practice measure:  
o The yards are manually cleaned twice a day. 

- 75% measure:  
o The yards are manually cleaned once or twice a day, depending on 

the dirtiness.  
- 50% measure: 

o The yards are manually cleaned once a day.  
- 25% measure: 

o The yards are mostly manually cleaned once a day. Sometimes a 
day is skipped if the yards are not dirty.  

- 0% measure: 
o The yards are cleaned when dirty. 

 
5) Milking clinical cases last 
 
Effect of imperfect compliance: linear 
 

- Best practice measure:  
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o All cows with clinical mastitis signs are milked last. 
- 75% measure:  

o Most cows with clinical mastitis signs are milked last, but 
sometimes one will slip through. 

- 50% measure: 
o The severe clinical cases are milked last, the milder cases are 

milked together with the other cows. 
- 25% measure: 

o Sometimes clinical cases are milked last. 
- 0% measure: 

o Clinical cases are never milked last 
 
6) Milking subclinical cases last 
 
Effect of imperfect compliance: linear 
 

- Best practice measure:  
o All cows with an elevated somatic cell count (>250,000 cells/ml) 

are milked last. 
- 75% measure:  

o Most cows with an elevated somatic cell count are milked last, but 
sometimes one will slip through. 

- 50% measure: 
o The cows with a severe elevated somatic cell count are milked last; 

the milder cases are milked together with the other cows. 
- 25% measure: 

o Sometimes cows with an elevated somatic cell count are milked 
last. 

- 0% measure: 
o Cows with an elevated somatic cell count are never milked last 

 
7) Separate cloth 
 
Effect of imperfect compliance: linear 
 

- Best practice measure:  
o For every cow a separate new cloth is used. 

- 75% measure:  
o For every cow a separate part of the cloth is used (by folding up). 

- 50% measure: 
o Often a separate cloth for every cow is used but when udders are 

very clean, a cloth is used for 2 or 3 cows. 
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- 25% measure: 
o A separate cloth is only used for very dirty udders, otherwise a 

cloth is used for more (6) cows. 
- 0% measure: 

o A cloth is used for 6 cows. 
 
8) Wash dirty udder 
 
Effect of imperfect compliance: linear 
 

- Best practice measure:  
o A dirty udder is washed with water and dried before attaching the 

teat cup liners. 
- 75% measure:  

o A dirty udder is washed with water and dried if the udder is still 
wet before attaching the teat cup liners. 

- 50% measure: 
o Very dirty udders are washed and dried before attaching the teat 

cup liners. 
- 25% measure: 

o A very dirty udder is washed with water and dried if the udder is 
still wet before attaching the teat cup liners. 

- 0% measure: 
o Dirty udders are (almost) never washed with water. 

 
9) Prestripping 
 
Effect of imperfect compliance: linear 
 

- Best practice measure:  
o All cows are prestripped. 

- 75% measure:  
o Almost all cows are prestripped. 

- 50% measure: 
o Only cows suspected of an elevated somatic cell count are 

prestripped. 
- 25% measure: 

o Cows which are likely to have flocks in the milk are prestripped to 
prevent the flocks getting into the tank. 

- 0% measure: 
o Cows are not prestripped. 
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10) Milkers’ gloves 
 
Effect of imperfect compliance: binary 
 

- Best practice measure: 
o Milkers’ gloves are always worn during milking 

- 0% measure: 
o Milkers’ gloves are never worn during milking 

 
11) Post milking teat disinfection 
 
Effect of imperfect compliance: s-curve 
 

- Best practice measure:  
o Post milking teat disinfection is applied to all cows with an 

expensive and efficient agent and it is made sure that the whole 
teat is touched. 

- 75% measure:  
o Post milking teat disinfection is applied to all cows with an 

expensive and efficient agent but it is not checked if the whole teat 
is touched. 

- 50% measure: 
o Post milking teat disinfection is applied to all cows with a cheap 

agent and it is made sure that the whole teat is touched. 
- 25% measure: 

o Post milking teat disinfection is applied to all cows with a cheap 
agent but it is not checked if the whole teat is touched. 

- 0% measure: 
o Post milking teat disinfection is not applied. 

 
12) Rinse clusters clinical 
 
Effect of imperfect compliance: linear 
 

- Best practice measure:  
o After milking every clinical case, the milking cluster is rinsed with 

hot water. 
- 75% measure:  

o After milking every clinical case, the milking cluster is rinsed with 
cold water. 

- 50% measure: 
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o After milking a severe clinical case, the milking cluster is rinsed 
with hot water. 

- 25% measure: 
o After milking a severe clinical, the milking cluster is rinsed with 

cold water. 
- 0% measure: 

o After milking clinical cases, the milking clusters are not rinsed. 
 
13) Rinse clusters subclinical 
 
Effect of imperfect compliance: linear  
 

- Best practice measure:  
o After milking every cow with an elevated somatic cell count 

(>250,000 cells/ml), the milking cluster is rinsed with hot water. 
- 75% measure:  

o After milking every cow with an elevated somatic cell count 
(>250,000 cells/ml), the milking cluster is rinsed with cold water. 

- 50% measure: 
o After milking a cow with a severe elevated somatic cell count 

(>400,000 cells/ml), the milking cluster is rinsed with hot water. 
- 25% measure: 

o After milking a cow with an severe elevated somatic cell count 
(>400,000 cells/ml), the milking cluster is rinsed with cold water 

- 0% measure: 
o After milking a cow with an elevated somatic cell count, the 

milking clusters are not rinsed. 
 
14) Replace teat cup liners 
 
Effect of imperfect compliance: linear 
 

- Best practice measure:  
o Teat cup liners are always replaced as advised by the 

manufacturer. 
- 75% measure:  

o Teat cup liners are replaced once a year, mostly this is somewhat 
later than advised by the manufacturer. 

- 50% measure: 
o Teat cup liners are replaced once a year without taking the 

manufacturers advice into account. 
- 25% measure: 
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o Teat cup liners are replaced when they are visibly getting of less 
quality. 

- 0% measure: 
o Teat cup liners are replaced when they are visibly getting of bad 

quality. 
 
15) Treatment protocol 
 
Effect of imperfect compliance: linear 
 

- Best practice measure:  
o A treatment protocol is set up together with a veterinarian and 

every month (can be combined with another visit of the 
veterinarian) the therapies are evaluated together. 

- 75% measure:  
o A treatment protocol is set up together with a veterinarian and the 

therapies are evaluated together a couple of times per year. 
- 50% measure: 

o A treatment protocol is set up together with a veterinarian and the 
therapies are evaluated when thought necessary by the veterinarian 
and/or farmer. 

- 25% measure: 
o A treatment protocol is set up together with a veterinarian and the 

therapies are evaluated when thought necessary by the farmer. 
- 0% measure: 

o There is no treatment protocol available 
 

16) Drying off 
 
Effect of imperfect compliance: linear 
 

- Best practice measure:  
o All cows are dried of with an appropriate antibiotic (not all cows 

get the same antibiotic) 
- 75% measure:  

o All cows are dried of with the same antibiotic. 
- 50% measure: 

o Cows with a history of high somatic cell count or clinical mastitis 
are dried of with an appropriate antibiotic. 

- 25% measure: 
o Cows with a history of high somatic cell count or clinical mastitis 

are dried of with the same antibiotic. 
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- 0% measure: 
o Cows are not dried of with an antibiotic. 

 
17) Dry cow minerals 
 
Effect of imperfect compliance: s- curve 
 

- Best practice measure:  
o Appropriate farm specific minerals are fed to all dry cows after 

analyzing the farm specific needs. 
- 75% measure:  

o Appropriate farm specific minerals are fed to all dry cows.  
- 50% measure: 

o Appropriate farm specific minerals are fed to dry cows when the 
performance is not optimal. 

- 25% measure: 
o General dry cow minerals are fed to dry cows when the 

performance is not optimal. 
- 0% measure: 

o No dry cow minerals are fed.  
 
18) Optimize feed 
 
Effect of imperfect compliance: s-curve 
 

- Best practice measure:  
o Optimize the feed according to farm specific needs after analyzing 

these needs.  
- 75% measure:  

o Optimize the feed according to farm specific needs.  
- 50% measure: 

o Optimize the feed according to general knowledge from experts. 
- 25% measure: 

o Optimize the feed according to the knowledge of the farmers 
- 0% measure: 

o Do not pay extra attention to the feed. 
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ABSTRACT 
 
Costs and benefits of management measures are of importance for decision 
making. For mastitis, many management measures are available, but an insight in 
the costs and benefits of these measures for different farm situations is lacking. 
This study presents the costs and benefits of 18 important mastitis management 
measures for nine different farm situations. In general, for ‘wash dirty udders’, 
‘milkers’ gloves’, ‘rinse clusters clinical’, ‘keep cows standing’, ‘post milking teat 
disinfection’, ‘drying off’, and ‘dry cow minerals’ the benefits are higher than the 
costs in most farm situations. Farm specific characteristics and farm dependent 
variation in efficacies of the management measures had an effect on the net benefit 
of the management measures. 
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INTRODUCTION 
 
Management implies decision making. To make correct decisions, farmers should 
beforehand have insight into the potential consequences of various decisions on the 
results of the farm. For mastitis, many management measures are available, but an 
insight in the costs and benefits of these measures for different farm situations is 
lacking. Estimates of these impacts can be obtained from model estimations, 
literature, and expertise. Evidence based medicine deals with the search of 
evidence about the question or problem dealing with, so decisions are not only 
intuitively based. Also in veterinary science, evidence based veterinary medicine is 
increasingly gaining attention. Economic consequences of management measures 
ought to be part of evidence based veterinary medicine, in order to be able to 
provide all information necessary to make deliberate decisions. Previous studies 
have assessed the net benefit of mastitis control programs in controlled 
experiments and generally have shown a substantial net benefit for recommended 
mastitis programs. However, some control procedures generating negative net 
returns may be masked by the positive effect of other procedures in the program. 
Furthermore, field results may differ per herd, due to the variation in management 
ability, farming systems, and environmental conditions (Yalcin et al., 1999). Thus, 
cost-benefit analysis of mastitis control programs which include several different 
procedures, do not indicate the economical optimum balance of control procedures, 
and thus of losses and control costs. Information about the marginal effect of each 
control procedure on the revenue loss from mastitis under farm specific 
circumstances is essential for guidance on economically efficient mastitis control 
(McInerney, 1990, 1992).   
 
Many mastitis management measures have been adopted by dairy farmers, but 
there is no such thing as one standard set of management measures that can be 
indicated as most common (Sampimon et al., 2008). Costs for mastitis management 
measures are considerable (Fourichon et al., 2001). Direct effects of udder health 
disorders on the production process include on the one hand, extra use of resources, 
including health-control costs, as well as losses due to reduced productivity. 
Separate assessment of costs and losses provides basic information for decision 
making in health management, based on marginal approach aiming at improving 
the ratio output/input (McInerney et al., 1992). Farm characteristics and situations 
cause a variation in the losses due to mastitis and in the costs and benefits of 
management measures. The losses due to mastitis and the farm level variation of 
these losses were explored as were the effects and associated costs of 18 different 
management measures to improve the udder health situation on a farm (Huijps et 
al., 2008, 2009). What is missing from previous studies is an assessment of the 
benefits of the management measures. The goal of this study was to explore the 
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differences in costs and benefits of mastitis management measures for different 
farm situations. 
 
 
MATERIALS AND METHODS 
 
Management measures  
Management measures included in this study were based on Huijps et al. (2009). 
These management measures came from the 10 point plan of the NMC 
(www.nmconline.org) that was the base of the more specified management 
measures as advised by the Dutch Udder Health Center (Table I). From these 
management measures information on efficacies for solving a mastitis problem, 
varying from 100% environmental to 100% contagious were gathered. Efficacies 
were based on the situation in which the management measure is a new measure on 
the farm, it is not yet implemented. Efficacies were specified on bulk tank somatic 
cell count (BTSCC) and on the incidence of clinical mastitis (CM) for different 
udder health situations. Efficacy is defined as the percentage decrease in BTSCC 
and the percentage decrease in incidence of CM. Three different udder health 
situations were specified: 1) good (BTSCC < 150,000 cells/ml and CM incidence < 
20 cases per 100 cows per year)), 2) average (BTSCC > 150,000 and < 300,000 
cells/ml and CM incidence between 20-30 cases per 100 cows per year), and 3) bad 
(BTSCC > 300,000 cells/ml and CM > 30 cases per 100 cows per year). The 
efficacies for the different situations are presented in Table III (for BTSCC) and 
Table IV (for CM). 
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Table I. Management measures included in the study based on the NMC 10 point plan and the Dutch 
Udder Health Center. 
 
 Management measure description Short description 

1 All cows with clinical signs are milked last Milking clinical cases last 

2 All cows with an elevated SCC (>250,000 cells/ml) are milked 
last 

Milking subclinical cases last 

3 For all cows a separate cloth is used to clean the udder before 
attaching the cluster 

Separate cloth 

4 Clean udders are washed with water and are dried before 
attaching the cluster 

Wash dirty udder 

5 All cows are prestripped Prestripping 

6 During every milking milkers’ gloves are worn Milkers’ gloves 

7 All cows are treated with a good teat disinfectant after milking Post milking teat disinfection 

8 After milking a cow with clinical signs of mastitis the cluster is 
rinsed with hot water before another cows is milked 

Rinse clusters clinical  

9 After milking a cow with subclinical mastitis the cluster is rinsed 
with hot water before another cows is milked 

Rinse clusters subclinical  

10 Teat liners are replaced according to the manufacturer’s norm Replace teat cup liners 

11 A treatment protocol is set up together with a veterinarian and 
every month the therapies are evaluated together 

Treatment protocol 

12 All cows are dried of with an appropriate antibiotic Drying off 

13 After milking, cows are kept standing for at least 30 minutes Keep cows standing  

14 Add appropriate minerals to the feed of dry cows Dry cow minerals 

15 Decrease the number of cows to prevent overcrowding Prevent overcrowding 

16 Clean the stalls twice every day and make sure enough and clean 
bedding material is present 

Clean stalls 

17 Manually clean the yards twice every day Clean yards 

18 Optimize the feed according to farm specific needs Optimize feed 

 
 
Calculation rules 
The costs and benefits of management measures were determined, assuming a 
stable farm situation, meaning a stable BTSCC and incidence of CM. The current 
situation was assumed to be stable, as was the new situation after implementation 
of the management measure. The calculation of costs and benefits for the 
management measures consisted of different steps. The calculation steps are 
graphically presented in Figure I and described in more detail below. 
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Figure I. Schematic overview of the calculation steps where BTSCCcur and CMcur are the current 
level of bulk tank somatic cell count and incidence of clinical mastitis respectively, and BTSCCnew 
and CMnew are the new levels of bulk tank somatic cell count and incidence of clinical mastitis 
respectively after implementation of a management measure. 
 
 
Current costs of mastitis (Ccur) 
The first step was the calculation of the current costs for mastitis based on the farm 
characteristics. Calculations of the costs of mastitis were based on Huijps et al., 
(2008) and Halasa et al., (2009). In the default calculation a mean 305 days milk 
production of 8,500 kg per cow (NRS; www.nrs.nl) was assumed. The costs of CM 
were calculated as 
 
CCMcur = NCM x prod.loss|m x Pprodloss + NCM x Pant + (NCM x prod.dis x (Pprodloss 
+ Pfeed)) + NCM x Pvet + NCM_culled x Pcul + NCM x timetreat * Phourlyrate + Ppen  
 

I 
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Where CCMcur are the current costs of CM at farm level, NCM are the number of 
clinical cases,  prod.loss|m the production losses caused by CM depending on the 
month in lactation (m), Pprodloss the costs for the production losses, Pant the price of 
antibiotics, prod.dis the discarded milk (6 days), Pfeed the price of feed costs, Pvet 
the price of the veterinarian, NCM_culled the number of cows culled because of 
mastitis, Pcul the costs for culling, timetreat the treatment time of the farmer for 
treating a clinical case, Phourlyrate the hourly rate of the farmer, and Ppen the costs for 
penalties. 
 
The costs for production losses caused by subclinical mastitis are calculated as: 

∑
=

=

=
ni

i

btscclossprodBTSCCcur CC
0

_.  

Where 
milklossbtscclossprod CbtsccMilklossC ×= |_.  

 
Where CBTSCCcur are the costs of production losses caused by an elevated SCC, n 
are the number of cows, Cprod.losses_btscc the costs for production losses caused by an 
elevated somatic cell count, Milkloss|btscc are the production losses caused by an 
elevated SCC given the BTSCC, and Cmilkloss are the cost of the production losses. 
 
In these models several assumptions on the costs have been made for a default 
situation. The values used for the default calculation of costs and losses of mastitis 
are given in Table II. 
 
 
Table II. Values used for calculation of costs of mastitis. 
 

Input Default value 
Cost milk losses (€/kg) 0.12 
Veterinarian visit costs (€/visit) 20 
Drug costs (€/treatment) 20 
Hourly rate farmer (€/hour) 18 
Culling costs (€/culled case) 480 
Production losses caused by a mastitis case (%) 5 
Vet visits (% of clinical cases) 5 
Treatment time farmer (minutes/treatment) 45 
Withdrawal time (days) 6 
Animals culled (% of clinical cases) 5 
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Farm specific effects and costs for management measures 
After calculating the farm specific current costs of mastitis, in the second step the 
efficacies of the management measures on the incidence of CM and on BTSCC 
were estimated for the specific farm situations. Efficacies of the management 
measures for the different farm situations are presented in Table II for efficacies on 
a decrease in BTSCC and in Table 3 for the efficacies on a decrease in incidence of 
CM. Based on these efficacies, the new BTSCC and new incidence of CM was 
calculated as: 
 
BTSCCnew = BTSCCcur x efficacyspec 
CMnew = CMcur x efficacyspec 
 
Where BTSCCnew is the BTSCC after implementing the management measures, 
BTSCCcur is the current BSTCC efficayspec is the specific efficacy given the farm 
situation (good, average, or bad udder health status), CMnewis the new incidence of 
CM after implementing the management measures, and CMcur is the current 
incidence of CM. 
 
For all management measures, costs were based on Huijps et al. (2009). A short 
description of the cost calculation is given here. The extra costs of ‘milking clinical 
cases last’ and ‘milking subclinical cases last’ included labor time and the 
provision of a fence necessary to keep the cows separated. For ‘separate cloth’, 
costs included extra labor and extra cloths, assuming an increase from using one 
cloth for six cows. ‘Wash dirty udder’ included costs for labor, extra water use, and 
extra cloths for drying. For ‘prestripping’ and ‘clean yards’, only costs for labor 
were included. ‘Milker’s gloves’ only included costs for the gloves. ‘Post milking 
teat disinfection’ included costs for labor, teat dip, and the dip cup. The measures 
of ‘rinse clusters clinical’ and ‘rinse cluster subclinical’ included costs for labor 
and water. ‘Replace teat cup liners’ included costs for extra teat liners (as 
compared to 125% longer use) and labor. Costs of ‘treatment protocol’ included 
costs for the veterinarian and labor of the farmer. For ‘drying off’, costs for the 
antibiotics and labor were included. For ‘keep cows standing’, extra costs for a 
more complex and expensive feed fence were included (30% of the costs). The 
costs for ‘dry cow minerals’ and ‘optimizing feed’ consisted of extra feed and labor 
costs. ‘Clean stalls’ included costs for labor and costs for extra bedding material. 
The cost effects of ‘prevent overcrowding’ was calculated based on a lower milk 
production at the herd level, partly compensated by lower feeding costs, veterinary 
costs, labor, and a compensation for not fulfilling the quota. 
 



Table III. Efficacies of 18 management measures indicated as a percentage decrease in BTSCC (where min = the minimum effect, ml = the most likely 
effect, max = the maximum effect, 1= milking clinical cases last, 2= milking subclinical cases last, 3= use a separate cloth, 4= wash dirty udders, 5= 
prestripping, 6= wear milkers’ gloves, 7= post milking teat disinfection, 8= rinse clusters clinical, 9= rinse clusters subclinical, 10= replace teat cup liners, 
11= treatment protocol, 12= drying off, 13= keep cows standing, 14= dry cow minerals, 15= prevent overcrowding, 16= clean stalls, 17= clean yards, and 
18= optimize feed). 
 
Pathogen Environmental Contagious 

Udder health situation good average bad good average bad 

Efficacy min ml max min ml max min ml max min ml max min ml max min ml max 

                   

1 0.6 15.7 20.0 2.5 12.9 20.0 3.4 14.5 20.0 4.7 17.8 24.7 5.3 16.5 27.5 7.2 18.2 27.8 

2 1.9 24.5 32.0 2.3 18.3 30.0 3.4 19.9 30.0 6.7 27.1 32.0 8.3 24.6 33.8 11.9 26.3 33.1 

3 0 1.6 9.3 0.0 2.8 13.8 0.0 3.5 14.7 0 4.4 22.2 0 5.7 26.3 0 6.3 29.2 

4 0 5.7 15.0 0.0 5.9 15.0 0.0 6.2 15.0 0 5.0 15.0 0 5.3 15.0 0 5.6 15.0 

5 1.1 12.5 20.0 1.0 13.7 20.0 1.7 14.6 20.0 0.6 12.6 20.0 1.0 14.3 20.0 1.7 15.5 20.0 

6 0 1.8 7.6 0.0 3.4 8.1 0.0 4.3 11.0 0 4.8 13.1 0 6.4 14.8 0 7.5 18.0 

7 2.6 33.4 52.0 5.6 33.9 52.0 5.6 34.3 52.0 5.6 33.8 52.0 10.0 34.4 52.0 10.6 40.3 52.0 

8 0.9 6.0 11.7 2.0 8.5 13.4 2.4 9.3 15.5 3.3 11.7 22.2 5.1 13.5 23.8 5.6 13.1 21.9 

9 0.9 6.0 11.7 2.0 8.5 13.4 2.4 9.3 15.5 3.3 11.7 22.2 5.1 13.5 23.8 5.6 13.1 21.9 

10 0.3 6.2 9.3 0.4 8.4 11.0 0.3 8.8 11.0 0.3 6.3 13.3 0.5 8.7 16.3 0.4 9.3 15.0 

11 0.6 4.4 12.4 1.0 7.8 17.6 1.1 11.9 15.3 1.1 6.8 13.8 0.8 10.5 18.3 0.6 12.6 16.1 

12 7.2 14.2 27.5 7.7 19.8 31.7 8.3 22.1 32.5 9.2 15.9 30.0 12.1 22.4 37.9 12.2 25.0 40.3 

13 0.6 5.1 8.8 0.6 7.3 11.7 0.6 8.6 11.7 0.2 2.9 5.3 0.3 4.9 7.0 0.3 5.2 7.3 

14 5.0 20.1 31.0 5.2 21.5 31.0 4.4 21.1 31.0 5.0 20.3 31.0 5.2 20.5 31.0 4.4 19.8 31.0 

15 1.7 9.6 17.7 3.1 14.5 22.1 3.6 16.4 19.0 1.7 6.7 13.8 3.1 10.2 16.3 3.1 12.1 15.3 

16 1.8 9.5 20.9 3.0 13.7 22.5 3.8 14.7 24.2 0.6 5.5 11.2 1.4 8.0 15.3 1.7 8.2 13.9 

17 1.7 5.6 10.2 2.3 9.2 13.0 2.2 9.7 12.7 0.6 2.2 4.9 0.6 3.4 6.3 0.8 4.0 6.2 

18 5.0 12.7 23.3 5.0 14.3 22.9 4.2 13.4 18.9 4.4 14.0 22.2 4.6 15.5 21.8 3.9 13.9 18.0 



Table IV. Efficacies of 18 management measures indicated as a percentage decrease in incidence of CM (where min = the minimum effect, ml = the most 
likely effect, max = the maximum effect, 1= milking clinical cases last, 2= milking subclinical cases last, 3= use a separate cloth, 4= wash dirty udders, 5= 
prestripping, 6= wear milkers’ gloves, 7= post milking teat disinfection, 8= rinse clusters clinical, 9= rinse clusters subclinical, 10= replace teat cup liners, 
11= treatment protocol, 12= drying off, 13= keep cows standing, 14= dry cow minerals, 15= prevent overcrowding, 16= clean stalls, 17= clean yards, and 
18= optimize feed). 
 
Pathogen Environmental Contagious 

Udder health situation good average Bad good average bad 

Efficacy min ml max min ml max min ml max min ml max min ml max min ml max 

                   

1 1.1 3.6 7.7 1.3 4.45 8.9 1.5 6.3 10.9 1.9 7.1 9.7 3.6 9.2 11.1 6.2 12.5 17.4 

2 0.7 1.6 2.8 1.0 2.1 2.7 1.5 4.3 5.0 4.3 8.3 13.2 6.0 11.4 16.6 8.1 16.5 20.2 

3 0.3 3.3 7.3 0.7 6.1 9.7 1.7 8.8 11.0 1.5 6.0 14.3 2.4 9.4 16.5 5.5 13.5 20.0 

4 1.4 4.9 10.5 2.8 6.3 11.3 4.5 8.8 14.7 2.3 3.2 7.3 3.2 4.9 9.4 4.5 5.7 9.2 

5 0.2 1.7 2.7 0.6 3.0 4.0 1 4.3 5.0 0 1.6 2.5 0 2.9 3.6 0 4.4 5.3 

6 -12.0 -8.9 2.2 0.1 3.6 4.3 0.4 6.1 7.2 -12.0 -8.9 4.8 2.5 5.4 7.1 2.3 8.6 10.0 

7 2.2 32.0 52.0 3.5 38.3 52.0 4.7 39.2 52.0 3.5 32.4 52.0 6.8 39.0 52.0 9.8 40.0 52.0 

8 0 1.1 8.2 0.7 5.7 11.8 1.3 8.3 14.5 0 1.9 7.1 2.7 9.5 11.1 4.2 14.2 16.2 

9 0 1.1 8.2 0.7 5.7 11.8 1.3 8.3 14.5 0 1.9 7.1 2.7 9.5 11.1 4.2 14.2 16.2 

10 0.4 8.4 11.0 0.6 4.1 9.4 1 5.6 10.6 0.5 8.8 11.0 0.8 6.1 11.8 1.3 8.6 13.3 

11 0.2 2.6 4.4 0.8 4.7 6.7 1.7 7.8 9.1 0.7 3.6 6.1 1.3 5.7 8.1 2.5 8.7 10.4 

12 2 7.9 17.2 3.2 11.5 18.9 4.2 15.8 21.8 3.2 9.7 21.8 4.5 13.4 24.8 6.7 19.0 33.5 

13 1.8 6.8 17.0 2.1 9.3 18.3 2.5 12.4 20.7 0.3 3.3 8.9 0.5 5.2 10.1 0.5 7.0 11.4 

14 4.7 12.7 24.8 6.0 14.7 25.2 7 17.6 27.5 5.6 11.6 16.6 6.0 14.5 25.2 7.0 16.7 27.5 

15 1.4 8.7 17.2 1.6 12.1 18.8 2.3 15.5 22.5 1.4 6.4 15.0 1.6 8.5 16.2 2.1 11.3 19.2 

16 0.7 9.3 17.2 1.2 11.1 19.5 1.8 14.3 22.8 0.5 3.7 10.7 0.7 5.4 14.0 1 7.5 17.5 

17 1.0 5.5 15.2 2.0 8.0 17 2.5 11.0 20.0 0.5 2.6 7.7 0.7 4.2 10.8 0.8 6.1 13.1 

18 5.0 14.5 29.8 6.3 16.8 31.3 7.5 19.7 34.7 5.2 14.0 27.3 6.2 16.3 27.3 7.0 19.2 30.7 
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Calculation new costs of mastitis (Cnew) 
When the farm specific efficacies were extracted, the new costs of mastitis, (Cnew) 
were calculated based on the new BSTCC and the new incidence of CM using the 
same calculation rules as described above for the current costs of mastitis 
(formula’s I and II).  
 
The difference between the new costs of CM and BTSCC and the current costs of 
CM and BTSCC were defined as the benefits for that management measure.  
 
Net benefit 
For every management measures the net benefit was calculated as the difference 
between the current costs of mastitis and the new costs of mastitis plus the costs of 
the management measure: 
 
Net benefits = Current costs of mastitis – (New costs of mastitis + Cost of the 
management measure) 
 
Different farm situations 
Nine different farm situations were defined to explore differences in costs and 
benefits of the management measures in different situations. The main 
characteristics of these situations are described in Table V.  
 
 
Table V. Farm characteristics of different farm situations to calculate the costs and benefits of the 
management measures included (where Av. = average, Env. = environmental, Cont. = contagious, 
BTSCC = bulk tank somatic cell count, and CM = clinical mastitis). 
 
Characteristic Av. Env. Cont. Large Small BTSCC CM Problem Good 

Nr cows 65 65 65 120 40 65 65 65 65 

Production 8,500 8,500 8,500 8,500 8,500 8,500 8,500 8,500 8,500 

% environmental 65 80 20 50 50 50 50 50 50 

% contagious 35 20 80 50 50 50 50 50 50 

BTSCC 200 200 200 200 200 350 200 350 100 

CM incidence 30 30 30 30 30 30 40 40 10 

Milking places 12 12 12 16 8 12 12 12 12 

Costs of mastitis 
(€/year) 

4,743 4,743 4,743 9,787 2,919 6,017 5,924 7,199 1,405 

Costs of mastitis 
(€/cow/year 

73 73 73 70 73 93 91 111 22 
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The nine default farms differed in the kind of mastitis problem (environmental vs. 
contagious, BTSCC vs. CM, and a problem herd and a herd with little problems), 
and size (large vs. small).   
 
Based on the farm characteristics, the efficacies were extracted from the input 
tables. For all nine farm situations, the costs of the management measures were 
calculated. Based on the efficacies and the costs of the management measure, and 
the costs of mastitis the net benefit was calculated as described above. As a last 
step, the cost of each management measure (€/cow) was graphically represented 
against the benefits (€/cow) of that management measure in a certain situation, 
including a break even line, where the costs and benefits are equal.  
 
 
RESULTS AND DISCUSSION 
 
The costs and net benefits for the different management measures for the different 
farm situations are presented in Table VI. The costs per cow are the total cost per 
cow for implementing the management measure, including labour of the farmer. 
The net benefits per cow represent the difference between the current costs of 
mastitis and the new costs of mastitis plus the costs of the management measure. 
When this value is negative, the costs are not outweighed by the benefits. Only 
‘keep cows standing’ and ‘rinse clusters clinical’ had a positive net benefit in all 
situations. ‘Wash dirty udders’, ‘wear milkers’ gloves’, and ‘drying off’ have 
positive net benefits for all situations except for the ‘good’ farm. ‘Post milking teat 
disinfection’ and ‘dry cow minerals’ vary between negative net benefits (for the 
‘good’ farm), zero net benefits, and positive net benefits. 
 
The economic effects of management measures were highly dependent on the farm 
situation. Figure II presents the costs and benefits of all 18 management measures 
included in the study. The break even line presents the line, where the costs and 
benefits were equal. Points above the line had higher benefits than costs, and points 
below the line had higher costs than benefits. Because ‘rinse clusters subclinical’ 
was an outlier (see Figure II), this management measure is excluded in the zoomed 
part of Figure II for a more detailed view of the other management measures.  
 
 
 



Table VI. The costs and net benefits (current costs of mastitis – (new costs of mastitis + costs of the management measure)) in €/cow for different 
management measures in different farm situations (where 1= milking clinical cases last, 2= milking subclinical cases last, 3= use a separate cloth, 4= wash 
dirty udders, 5= prestripping, 6= wear milkers’ gloves, 7= post milking teat disinfection, 8= rinse clusters clinical, 9= rinse clusters subclinical, 10= replace 
teat cup liners, 11= treatment protocol, 12= drying off, 13= keep cows standing, 14= dry cow minerals, 15= prevent overcrowding, 16= clean stalls, 17= 
clean yards, and 18= optimize feed). 
 
 Default Environmental Contagious Large Small btscc clinical  good problem

Management 
measure Costs Net 

benefit Costs Net 
benefit costs Net 

benefit Costs net 
benefit costs net 

benefit costs net 
benefit costs net 

benefit costs net 
benefit costs net 

benefit 

1 37 29 37 29 30  - -30 37 - -22 38 -30 37 -26 54 -42 54 -39 13 -9
2 37 28 37 25 30 10 
3 22 17 22 15 19 21 
4 3 2 3 2 3  
5 34 28 34 28 28 32 
6 1 2 1 2 5  
7 31 0 31 5 29 16 31 21 
8 1 6 1 8 5 12 1 14 0 1 
9 46 
10 13  13  8 10 
11 5  5  5  5 1 16 10 10 1 10 -  
12 9 4 9 4 8 10 9 14 9  
13 2 4 2 4 1 1 
14 12 0 12 0 12 0 11  
15 23 14 23 15 19  23 20 
16 54 47 54 48 45 51 
17 51 45 51 47 42 50 
18 23 11 23 11 23 11 20 10 24 21 

- -30 37 - -21 38 -29 54 -40 37 -24 54 -36 13 -
- -17 22 - -14 22 -17 22 -16 22 -13 22 -12 22 -

2 3 2 3 2 3 3 3 4 3 5 3 -2
- -28 34 - -23 33 -27 34 -25 34 -26 34 -23 34 -

2 1 0. 3 2 1 1 3 1 6 1 7 1 -3
0 31 0. 0 31 1 31 8 31 8 31 -
6 1 0. 6 1 6 1 8 1 

123 -116 123 -117 123 -114 117 -111 122 -116 184 -176 123 -111 184 -170 47 -
-7 -9 13 -7 -2 15 -9 13 -5 13 -5 13 -3 13 -
-4 -6 -3 - -1 10 -2 10 9

4 9 5 9 4 9 9 9 -5
6 2 4 2 4 2 5 2 8 2 9 2 

1 13 0 13 3 13 6 13 9 13 -9
- -14 23 - -11 23 -14 23 -11 23 -10 23 -7 -
- -45 54 - -38 52 -46 54 -45 54 -43 54 -41 54 -
- -45 51 - -37 49 -44 51 -44 51 -43 51 -42 51 -
- - - -7 24 - -9 24 -5 24 -3 24 -
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Figure II. Overview of the costs and benefits of the 18 management measures for the ‘average’ farm 
(BTSCC>150,000 cells/ml and < 300,000 cells/ml; CM 20-30 cases per 100 cows per year), a 
‘problem’ farm (BTSCC>300,000 cells/ml; CM >30 cases per 100 cows per year), and a ‘good’ farm 
(BTSCC<150,000 cells/ml; CM <20 cases per 100 cows per year) (where 1= milking clinical cases 
last, 2= milking subclinical cases last, 3= use a separate cloth, 4= wash dirty udders, 5= prestripping, 
6= wear milkers’ gloves, 7= post milking teat disinfection, 8= rinse clusters clinical, 9= rinse clusters 
subclinical, 10= replace teat cup liners, 11= treatment protocol, 12= drying off, 13= keep cows 
standing, 14= dry cow minerals, 15= prevent overcrowding, 16= clean stalls, 17= clean yards, and 
18= optimize feed). 
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When the variation in the effects was included (minimum and maximum effects), 
two more management measures moved above the break even line for the 
maximum effects of a problem farm, namely ‘replace teat cup liners’ and ‘optimize 
feed’ (Table VII).  
 
 
Table VII. Overview of net benefits of the 18 management measures for the ‘average’ farm 
(BTSCC>150,000 cells/ml and < 300,000 cells/ml; CM 20-30 cases per 100 cows per year), a 
‘problem’ farm (BTSCC>300,000 cells/ml; CM >30 cases per 100 cows per year), and a ‘good’ farm 
(BTSCC<150,000 cells/ml; CM <20 cases per 100 cows per year) for the minimum, most likely, and 
maximum effects (where 1= milking clinical cases last, 2= milking subclinical cases last, 3= use a 
separate cloth, 4= wash dirty udders, 5= prestripping, 6= wear milkers’ gloves, 7= post milking teat 
disinfection, 8= rinse clusters clinical, 9= rinse clusters subclinical, 10= replace teat cup liners, 11= 
treatment protocol, 12= drying off, 13= keep cows standing, 14= dry cow minerals, 15= prevent 
overcrowding, 16= clean stalls, 17= clean yards, and 18= optimize feed). 
 

Management measures Average Problem Good 
 Net benefit Net benefit Net benefit 
 min max min max min max 
1 -34 -25 -48 -32 -13 -9 
2 -33 -23 -46 -30 -13 -7 
3 -22 -9 -20 -1 -22 -18 
4 -1 6 1 13 -3 1 
5 -33 -27 -33 -21 -34 -31 
6 -1 6 1 11 -3 1 
7 -26 13 -22 32 -31 -15 
8 2 10 3 19 0 4 
9 -120 -112 -181 -165 -47 -43 
10 -13 -4 -13 3 -13 -9 
11 -10 -2 -8 5 -10 -6 
12 -5 13 -1 28 -8 -2 
13 -2 8 1 14 -2 1 
14 -8 10 -5 21 -11 -6 
15 -22 -9 -20 0 -23 -17 
16 -53 -39 -50 -30 -53 -50 
17 -50 -40 -48 -33 -50 -48 
18 -19 -1 -17 9 -22 -20 

 
 
‘Milking subclinical cases last’ and ‘rinse clusters subclinical’ were further away 
from the break even line, meaning that these measures bring along much more 
costs than resulting benefits. With respect to ‘post milking teat disinfection’ for the 
‘average’ farm, the most likely until maximum effect will lead to a positive net 
benefit. When the effect is less than indicated by the most likely value, and goes 
below to the minimum value, the benefits were lower than the costs. The same 
happened for ‘feeding dry cow minerals’, ‘drying off’, ‘keep cows standing’ and 
‘wearing milkers’ gloves’.  
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Figure IV represents the results of the costs and benefits of the management 
measures when labour was included in the cost of the measures (as on average), 
and when labour costs were not included. When labour costs were not included, 
more management measures were above the break even line, and thus had more 
benefits than costs. ‘Rinse clusters subclinical’ and ‘milking subclinical cases last’ 
moved towards the break even line and ‘milking subclinical cases last’ even moved 
above the break even line. ‘Rinse clusters subclinical’ was below the break even 
line, just as ‘replace teat cup liners’, ‘separate cloth’, ‘prevent overcrowding’, and 
‘optimize feed’. Including labour costs is a debatable issue. From a purely 
economic point of view, the opportunity costs for a farmers’ labour are zero. But 
farmers who dislike a certain type of labour associated with mastitis, should 
include their labour costs in the cost of the management measures. 
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Figure IV. The costs and benefits of the management measures when labour was included and 
excluded (where 1= milking clinical cases last, 2= milking subclinical cases last, 3= use a separate 
cloth, 4= wash dirty udders, 5= prestripping, 6= wear milkers’ gloves, 7= post milking teat 
disinfection, 8= rinse clusters clinical, 9= rinse clusters subclinical, 10= replace teat cup liners, 11= 
treatment protocol, 12= drying off, 13= keep cows standing, 14= dry cow minerals, 15= prevent 
overcrowding, 16= clean stalls, 17= clean yards, and 18= optimize feed). 
 
 
The predominant type of mastitis pathogen (environmental or contagious) in a herd 
did not result in different conclusions about the costs and benefits of management 
measures. Only ‘use separate’ cloth moved somewhat towards the break even line 
for contagious pathogens, but did not cross it. For both contagious as well as 
environmental pathogens, the costs were higher than the benefits. For contagious 
pathogens ‘rinse clusters clinical’ had some more benefits than for environmental 
pathogens, but for both the benefits were higher than the costs. 
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The farm size had especially an effect on the treatment protocol (Figure V). For 
large farms the treatment protocol induced more benefits than costs, but on small 
farms, the costs were higher than the benefits.  
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Figure V. The costs and benefits of the management measures for default size (65 cows), large farms 
(140 cows), and small farms (40 cows), (where 1= milking clinical cases last, 2= milking subclinical 
cases last, 3= use a separate cloth, 4= wash dirty udders, 5= prestripping, 6= wear milkers’ gloves, 7= 
post milking teat disinfection, 8= rinse clusters clinical, 9= rinse clusters subclinical, 10= replace teat 
cup liners, 11= treatment protocol, 12= drying off, 13= keep cows standing, 14= dry cow minerals, 
15= prevent overcrowding, 16= clean stalls, 17= clean yards, and 18= optimize feed). 
 
 
For a high BSTCC, as well as for a high incidence of CM, the benefits were larger 
than the costs. The treatment protocol showed to be more effective for BTSCC 
problems than for incidence of CM problems. 
 
The efficacies of the management measures were an important input of the 
calculations. It is therefore important to have accurate and reliable data. Efficacies 
were based on a combination of literature and expertise (Huijps et al., 2009). On 
average, expert values were lower then literature values (when literature was 
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available). This can be caused by the fact that the experts were precautionary in 
their answers. A factor which was not taken into account is the fact that some of 
the management measures (e.g., ‘clean yards’) will also have a positive effect on 
other animal health aspects rather than mastitis only. The costs and benefits of the 
management measures as presented here only included the specific benefits for an 
improvement of the mastitis situation. The efficacies were based on the 
implementation of a new measure. These efficacies will be different for a situation 
when a decision has to be made about quitting with a certain management 
measures.  
 
In the farm situations included now, an endemic mastitis situation was assumed 
(with different characteristics). The efficacies of the management measures can be 
different in an outbreak situation compared to the endemic situation we assumed in 
this study. In an endemic situation it seems optimal to consider the net benefit in 
the decision about which management measures to implement. When, however, an 
outbreak occurs or in a specific problem situation, decisions often are made at a 
different level. At that moment, the measure with the highest effect is often 
preferred, independent of the associated costs. Many management measures do not 
necessarily lead to an improvement of the current situation, but are implement to 
avoid problems in the future. It depends on the risk attitude of the farmer how 
much money he wants to spend. Because the possibility of an outbreak and 
possible penalties were not included in this study, the results only count for a stable 
mastitis situation, i.e. no outbreaks. A farmer can choose to spend money on 
management measures which were not cost-efficient, and by doing so, insure the 
farm against outbreaks. 
 
 
CONCLUSION 
 
This study presented the costs and benefits of important mastitis management 
measures for different farm situations. In general, more expensive management 
measures resulted in higher efficacies, but not always high enough to be cost-
efficient. Farm specific characteristics and variation in the efficacies of the 
management measures had an effect on the net benefit of the management 
measures.  
 
 
ACKNOWLEDGEMENTS 
 
This study is part of the five-year mastitis program of the Dutch Udder Health 
Centre and was financially supported by the Dutch Dairy Board. 
 



FARM LEVEL VARIATION IN COSTS AND BENEFITS 
 
 

 121

REFERENCES 
 
Fourichon, C., H. Seegers, F. Beaudeau, L. Verfaille, and N. Bareille, 2001. Health-control costs in 

dairy farming systems in western France. Livestock Production Science (68): 141 – 156. 
Huijps, K., T.J.G.M. Lam, and H. Hogeveen, 2008. Costs of mastitis: facts and perception. Journal 

Dairy Research (75): 113 – 120. 
Huijps, K., H. Hogeveen, T.J.G.M. Lam, and A.G.J.M. Oude Lansink, 2009. Costs and efficacy of 

management measures to improve udder health at farm level. Submitted. 
McInerney, J.P., K.S. Howe, and J.A. Schepers, 1990. A framework for the economic analysis of 

disease in farm livestock. Report of a research project (Ref.CSA 873) Funded by the 
MAFF, The University of Exeter, Agricultural Economics Unit, 87 pp. 

 McInerney, J.P., K.S. Howe, and J.A. Schepers, 1992. A framework for the economic analysis of 
disease in farm livestock. Preventive Veterinary Medicine (13): 137 – 154. 

Sampimon, O.C., R.G.M. Olde Riekerink, and T.J.G.M. Lam, 2008. Prevalence of subclinical mastitis 
pathogens and adoption of udder health management practices on Dutch dairy farms: 
preliminary results. Proceedings of international conference: Mastitis control, from science 
to practice, 30 September – 2 October 2008, the Hague, the Netherlands, pp 39 - 46. 

Yalcin, C., A.W. Stott, D.N. Logue, J. Gunn, 1999. The economic impact of mastitis-control 
procedures used in Scottish dairy herds with high bulk-tank somatic cell counts. Preventive 
Veterinary Medicine (41): 135 – 149. 



 
 
 
 



 
 
 
 

Chapter 7 

 
 
 

General discussion 
 





GENERAL DISCUSSION 
 
 

 125

This thesis was conducted with the main objectives (i) to calculate costs of mastitis 
and cost-efficiency of mastitis management measures and (ii) to acquire insights in 
the economic decision behaviour of dairy farmers with respect to mastitis 
management. In this chapter, the main findings of this thesis are discussed. First, 
farm specific cost calculations are discussed, followed by a discussion about 
optimizing decision making and decision support. The role of the management 
circle in the decision making process on udder health is discussed in relation to the 
results found. Additionally, the methodologies used are discussed. In this thesis 
different methodologies were used to be able to meet the study objectives.  
 
 
Farm specific costs 
Since 1990 several studies have been published on the economics of mastitis and 
mastitis management in which a large variation in calculated costs and benefits is 
presented. In some of the studies important factors, such as veterinary and culling 
costs were ignored (Halasa et al., 2007). In a recent study, Halasa et al. (2009) 
developed a stochastic bio-economic model to calculate the costs of bovine 
intramammary infections. They found that the cost of a clinical case of mastitis was 
€185, varying between €124 and €331 per case. The average net cost of a 
subclinical IMI case was €96 (€10 to €265). These costs were close to the estimates 
of €186 per clinical case and €106 per subclinical IMI case that were described in 
chapter 2. The most important factor influencing the costs of mastitis is production 
loss. It is difficult to estimate the costs for production losses by the farmer for 
specific farm situations. These costs are ‘invisible’ because they are part of milk 
that was never produced. When estimations were necessary to calculate farm 
specific costs, farmers were found to rely on the input data given by the experts 
(chapter 2). Because in the Netherlands farmers produce milk in a quota situation, 
the cost of production losses is not simply the milk price but are the differential 
costs of keeping extra cows to fulfil the quota. In general these costs are lower than 
the milk price, but in spite of its importance, reliable estimations have never been 
made. Without quota, production losses will even be more important. Instead of the 
€77 per cow present on a default farm under quota situation, these costs will be 
€122 per cow present without quota and a milk price of €0.25/kg delivered milk, 
and €140 per cow present without quota and a milk price of €0.30/kg delivered 
milk. For the calculation of costs it is important to have reliable input data that are 
regularly updated. The calculations as presented in chapter 2 have been updated 
with the most recent available input, for example with new data from Halasa et al. 
(2009) describing the production losses of subclinical mastitis. The costs of 
production losses caused by subclinical mastitis are as a result of that lower than 
described in chapter 2 and comparable to the costs of production losses caused by 
clinical mastitis (€/cow).  
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Farm specific costs of mastitis varied between €17 and €200 per cow per year. 
Farms that have a comparable incidence of clinical mastitis (CM) and bulk tank 
somatic cell count (BTSCC) can have different costs of mastitis (chapter 2). 
Results from chapter 2 showed that, for example, for farms with an incidence of 
CM of 15 cases per 100 cows per year and a BTSCC around 200,000 cells/ml, the 
costs of mastitis varied between €55 and €90 per cow present per year. Most 
farmers (72%) underestimated their costs of mastitis. The main reason for this 
underestimation was that farmers ‘forgot’ to include production losses caused by 
cows with an elevated somatic cell count (SCC). Because decisions are often based 
on the perception of a problem, farm specific cost calculations can help to give a 
better insight in the magnitude of the problem. This can improve the adoption rate 
of advised management measures. 
 
 
Optimizing decision making and decision support 
Animal health economics is a decision-supporting science, based on a decision-
making function of evaluating and choosing between alternative strategies. 
Veterinarians and other advisors play an important role in the decision making 
process of farmers. However, according to farmers, advisory programs focus too 
much on curative aspects and too little on analysis and prevention (Lievaart and 
Noordhuizen, 1999; Steeneveld et al., 2009). Advisors should also try to support in 
the decision making on preventive aspects of animal health. This is also the case 
for mastitis, where a lot of possible preventive management measures are available 
(Barnouin et al., 2005, Wenz et al., 2007).  

 
As a first step in deciding which management measure will be best to implement 
on a farm, the current situation of the farm should be evaluated. Primary udder 
health parameters, such as BTSCC, incidence of CM, and % of newly infected 
cows, are included in that farm evaluation. Next to these primary udder health 
parameters, the current cost of mastitis is of importance. When the costs of mastitis 
are evaluated for the current situation, it can also be included in the goal setting. It 
can be, for example, a specific goal to lower the costs of mastitis. In chapter 2, a 
tool for farmers and their advisors is presented, to calculate the current costs of 
mastitis which can give insight in their own situation and help to set realistic 
economic goals. It is unwise to evaluate this every month with the primary mastitis 
parameters, but it certainly has added value on, for example a yearly base, or with 
important changes in the farm situation. For each parameter a goal-value has to be 
determined. Goal values should be sharp and farm specific, and they ought to fit 
within the general aim and management of the farm. It is better to change goal-
values upwards several times than to choose a goal that cannot be met (Lam et al., 
1998).  
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When the current situation is known and the goals are set, insight in the available 
measures, their efficacy and their associated costs can help in deciding which new 
management measures to implement. Chapters 5 and 6 presented the costs and 
benefits of 18 important mastitis management measures. Evidence based medicine 
deals with finding the best available evidence for a problem, so decisions are not 
intuitively based. Also evidence based veterinary medicine is increasingly gaining 
attention. Simply stated, evidence based veterinary medicine is the conscientious, 
explicit, and judicious use of the current best evidence in making decisions about 
the care of individual patients, herds, and prevention strategies. The practice of 
evidence based veterinary medicine integrates individual clinical expertise with the 
best available external clinical evidence from systematic research. Evidence based 
veterinary medicine is not a blind reliance on clinical research; rather, it attempts to 
incorporate the best information obtained from clinical research and the best 
clinical judgment of the practitioner (Figure I).  
 

 
Figure I. Decision making in evidence based veterinary medicine represented in a Venn diagram.  
 
 
The optimal outcome of this approach depends on the clinical situation, best 
evidence, and wishes of the client (and patient). Veterinary clinical expertise is 
required for all aspects of the decision-making process (Schmidt, 2007). 
 
It would be unrealistic to suggest applying evidence-based veterinary medicine by 
veterinary practitioners on a day to day basis, if that would meant that they would 
immediately have to start searching the literature every time they are asked to 
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vaccinate a cow or to treat a case of mastitis. It is, however, important to think 
about how to choose diagnostics tests, vaccines, treatments and prevention 
strategies in an “evidence based” way as much as possible. As a rational and 
conscientious decision maker or advisor, arbitrary decisions are not optimal. 
Instead, the best evidence at hand, probably influenced by other aspects like 
personal preferences and intuition is preferred. Knowledge of the economic 
consequences of mastitis and cost-efficient mastitis management measures is an 
important factor in decision making of farmers. Although not for all farmers 
economics is the key motivator, it can be helpful in quantifying and thus 
visualizing of the consequences of decisions taken. Also, when margins are getting 
smaller, which may continue to be the case in the future in dairy industry, 
economics will become more and more important. Visualizing the farm specific 
costs can help to improve adoption rate of advices.  
 
After goals are set and a decision is made about the management measures to be 
adopted to reach those goals, the measures will be executed. Then, after some time, 
data have to be collected and analysed to judge whether the management measures 
had the expected effect and whether you are satisfied with the results. If so, 
continue the current management, if not, analyze the problem and adapt the 
management or the goals. Normative and empirical research approaches are useful 
and complementary in supporting investment decisions. To support decision 
making, different models have been developed and are available for farmers and 
their advisors. A problem with most of these models is that often general rules are 
extracted to apply on very different farms. Although Jalvingh stated already in 
1992 that it is doubtful whether these general rules of thumbs are indeed valid for 
all farmers, they still are often extracted from the support models and used at farm 
level. An important role for veterinarians and other advisors is to advice farmers on 
investments in animal health by appealing to their rational pursuit of self-interest. 
Support models can help with that, but would be more applicable and convincing if 
they were farm specific.   
 
Decisions are not only based on economic parameters or other quantified 
characteristics. Farmers can have different motivations to decide on the 
implementation of management measures to improve the udder health situation on 
the farm. It is necessary to understand the important motivators of dairy farmers to 
be able to successfully transfer knowledge and technology to the dairy farm 
(Jansen et al., 2008b). In a recent study by Valeeva et al. (2007), it was observed 
that “internal” factors related to the farm performance and the individual farmer 
provided more motivation than “external” factors related to esteem and recognition 
within the dairy sector. The authors identified three distinct clusters that were 
driving motivation of dairy farmers with regard to mastitis management: milk price 
premium – or penalty – oriented motivation, motivation to have an efficient (well-
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organised) farm that easily complies with regulatory requirements, and basic 
economic motivation. The tools developed in this thesis (chapter 2 and 6) can 
provide support in economic decisions, which can improve the motivation of a 
farmer to improve mastitis management. 
 
 
Methodologies used 
Methodologies from veterinary science, social science, and agricultural economics 
were combined to analyse the available data. Methods that have shown their value 
in other fields of science were used to apply in the field of animal health 
economics.  
 
In chapter 4, Adaptive Conjoint Analysis (ACA) was used to study preferences of 
dairy farmers for different cost factors related to mastitis management measures. 
With this method, preferences were revealed by asking indirect questions. In this 
way it was tried to extract real preferences by lowering the risk of getting socially 
acceptable answers. In general farmers prefer to invest in short and long term 
investments, rather than in extra labour or routines (chapter 4). A large variation in 
these preferences was present, some farmers very clearly preferred to invest in 
extra labour rather than to change routines. Taking this type of information into 
account can help to improve farm specific decision support and thus to improve the 
adoption rate of advices given. It has to be noted though, that using a questionnaire 
(even with ACA) only insight in stated preferences is given, while real preferences 
remain unknown. Whether farmers will actually implement advised measures 
remains unknown and is difficult to reveal. ACA is one of the available methods to 
get insight in these subjects and questions, to come as close as possible to what is 
the actual situation when it is not possible to conduct a ‘real’ field experiment. It is 
always necessary to collect field data because these data (when collected correctly) 
will be more accurate and representative of the real world than use of theoretical 
models and methodologies. Field studies to the efficacies of management measures 
are difficult to conduct in a correct way, because, for example, in most situations it 
is impossible to conduct double blinded studies. 
 
To be able to decide which mastitis management measures can be implemented 
best to reach the goals set, information on the costs and benefits of the management 
measures are important. Ideally such data are derived from field studies and 
experiments. Meta-analyses can help to combine results from different studies. 
However, these data are not often available or, if available, are incomprehensive, 
unreliable, and/or only indirectly applicable. This results in knowledge that is 
incomplete for decision making purposes. In such cases, experts from the field can 
be another source of information, being the only possibility to complete the 
required knowledge (Van der Fels-Klerx et al., 2002). Because for the efficacies of 
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mastitis management measures a lot of information was missing, a new 
methodology for combining available values from scientific literature and expert 
values was introduced in chapter 5: the Monte Carlo expert evaluation analysis. 
Final results of the Monte Carlo expert evaluation analyses serve as a well founded 
base for a farm specific cost-efficiency model regarding mastitis management. This 
analysis can be used in all situations where not enough scientific literature is 
available for a meta-analysis and thus has to be completed with knowledge of 
experts. A difficult aspect of this method is to include the right experts and to 
decide on the weight given to literature values and on to expertise. The effects 
found for the different management measures cause in total, summed, more then 
100% decrease in incidence of CM or BTSCC (chapter 5). This is caused by the 
fact that management measures can have an effect on more than one process. In 
chapters 5 and 6 the effects of the management measures given, assumed 
implementing just that one measure. When more than one management measure is 
implemented, having comparable effects on the same part of the process, the 
separate effects can not be summed up to a total effect.  
 
To analyze the cost-efficiency of mastitis management measures, data envelopment 
analysis (DEA) was applied. DEA is a widely used linear programming technique 
in operation research and economics for evaluating the technical and economic 
performance of producers, but is a new method in the field of dairy science. The 
method can be used to analyze efficiency of dairy producers as is done by Stokes et 
al. (2007) but is also useful to analyze cost-efficiency at the level of individual 
management measures, as is done in chapter 5 of this thesis. The method constructs 
a benchmark for each individual management measure that is based on actual 
observed achievements in other management measures. This benchmark is called 
the best practice frontier. The method constructs a best practice frontier for each 
individual management measure that is based on actual observed effects within a 
group of similar management measures. An output-oriented measure of efficiency 
was used, meaning that for a given level of resources used, the best practice 
frontier management measures are those that have the highest efficacies within the 
group, thus being the most cost-efficient choice. This output oriented approach was 
used because it reflects reality best. Farmers want to have the largest improvement 
of udder health from the budget they have available. In current advices, however, 
the expected effect of a measure in relation to its costs is hardly taken into account. 
Measures often are advised based on their assumed effect or are discouraged 
because of high costs, while cost-efficiency is hardly taken into account. Because 
DEA compares the management measures relatively to each other, it is not possible 
to compare the included management measures with a measure which was not 
included in the analysis. In that respect, DEA is a research oriented technique, 
rather than a tool to be used in practice. But it is a valuable method to give insight 
in which measures can be of most interest to include in a field trial or experiment. 
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The most accurate method to calculate the cost of a disease and the costs and 
benefits of management measures would be to construct production functions of 
healthy and diseased animals and compare these with each other, as has been 
suggested by McInerney (1992 and 1996). Production functions describe technical 
relationships transforming input into output (Debertin, 1986). In the case of the 
animal health production functions input is formed by expenditures on mastitis 
control measures where the output is the resulting benefit from decreased incidence 
or prevalence of the disease. The production function concerned is therefore termed 
a benefit function. Production functions have rarely been used in animal health 
economics (Yalcin et al., 1999; Chi et al., 2002). Lack of data is often being cited 
as the main reason for not using production functions (Bennett, 2003). This 
constraint, however, may be overcome by simulation modelling (Stott et al., 2003) 
or by using decision analysis methods that are not necessarily dependent on 
detailed epidemiological information (Stott et al., 2005). In chapter 6 the net 
benefits of the management measures were calculated using a method derived from 
the production function method. The benefits included were the lower costs of 
mastitis because of a lower incidence of CM and a lower BTSCC. The costs were 
the expenditures associated with management measures that have to be 
implemented to reach that goal. In this way the costs and benefits of different 
management measures could be evaluated for different farm situations. 
 
The results of the cost calculations of mastitis at farm level and the costs and 
effects of management measures are included in a tool that is described in chapter 6 
and is an extension of the tool described in chapter 2. This tool is available for 
farmers and their advisors and can be used to determine the most cost-efficient 
management measures for a specific farm. Farmers in general are positive about 
practical tools (Jansen et al., 2008a). One of the main reasons for that is the 
awareness created and the positive expectations that a tool will improve the udder 
health situation on their farm. Forty-six % of the farmers indicated to be interested 
in the cost calculator as described in chapter 2 (21% was not, and 23% did not 
know). If you want such a tool to be used, it has to be simple and easy to use. 
Although parameters estimations in more complicated tools or models sometimes 
also change from day to day, these complicated models are typically more robust. 
Halasa et al. (2009) developed a bio-economic model to calculate the costs of 
bovine intramammary infections. This model was much more sophisticated than 
the models used in this thesis, aiming at giving insight in the dynamics of 
intramammary infections and the associated economic consequences. However, 
that type of model is not meant to be used in practice. The model developed in this 
thesis, however, is meant to be used in practice by farmers, veterinarians, and other 
advisors. This implies that the model should not take much time (maximum of 10 
minutes), should have a limited set of assumptions to be made, and has to be 
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understandable for non-modellers. Therefore, the tools developed in this thesis 
were simple and straightforward.  
 
 
Selecting “optimal” measures 
With the model developed in chapters 2 and 6, estimates of costs and benefits of 
management measures are available for different farm situations. Nevertheless, it 
still is a challenge to advice the “optimal” management measure to improve udder 
health. To achieve desired objectives, one has to choose the best allocation of 
scarce resources between competing activities has to be searched in order to 
achieve desired objectives. Scarce farm resources (e.g. labour) have an opportunity 
cost, opportunity costs will vary greatly between farms. Additionally, whether or 
not a farmer currently has a mastitis problem will influence the decision making 
process on management measures (Jansen et al., 2008b). Management measures 
can also be implemented in order to decrease the risk of getting mastitis problems, 
rather than solving existing problems. When a farmer perceives a problem to be 
present on a farm, financial resources sometimes do not seem to be limiting, and 
measures are selected based on their efficacy rather than their cost-efficiency. The 
models used in this thesis do not account for the occurrence of outbreaks. 
However, implementing measures is also a way of ‘buying’ insurance against 
possible outbreaks and more risk averse farmers are willing to spend more money 
in order to ‘buy’ this insurance. In the absence of outbreaks, improving udder 
health through new management measures is not profitable to all farmers. Farms 
operating on a sub-optimal level of udder health will more likely be able to benefit 
though. 
 
 
Conclusion 
The results of this thesis have contributed to our understanding of the decision 
making process of dairy farmers regarding mastitis management. The main 
conclusions are: 
 
Calculation of the costs of mastitis, both for an average Dutch situation as well as 
for individual farms, including perception of farmers on the costs of mastitis.  
The costs of mastitis were calculated as €77 per year per cow present on an average 
farm under quota situation. The calculated costs of mastitis varied between €17 and 
€200 per cow per year on farm level. It was found that farms that have a 
comparable incidence of CM and BTSCC may have different costs of mastitis. 
Results from chapter 2 showed that, for example, for farms with an incidence of 
CM of 15 CM cases per 100 cows per year and a BTSCC around 200,000 cells/ml, 
the costs of mastitis varied between €55 and €90 per cow per year. Most of the 
farmers (72%) underestimated their costs of mastitis. 
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Gain more insight in the economic decision behaviour of farmers, and analyze the 
preferences of farmers for different cost factors.  
Farmers’ decision making on mastitis management is not solely based on economic 
arguments. Other factors, like the endowment effect and gain-loss disparity play an 
important role in the decision making process. In general, farmers prefer to invest 
in short or long term investments, rather than to invest in extra labour or in 
changing routines. The large variation in preferences between farmers showed the 
importance of including this information in farm specific decision support. 
 
Determination of costs and benefits of the most important mastitis management 
measures and gaining insight in the farm level variation.  
Not every farmer can earn money by improving the udder health situation by 
adopting new management measures, but many can. Clear differences between the 
costs and benefits of management measures exist for different farm situations.  
 
Based on these conclusions, the following recommendations can be made: 
 

- Because of the large variation between farms, farm specific calculations of 
the costs of mastitis and the cost-efficacy of management measures are 
important. The tools developed in this thesis estimate farm-specific costs 
and can help to improve decision making. 

- In addition to farm characteristics, also farmer characteristics like 
preferences and changing behaviours should be taken into account in 
decision support. 

- In addition to costs of mastitis, costs and efficacy of management measures 
ought to be part of an economic mastitis management model. This model is 
described in chapter 6 of this thesis, but still has to be validated on dairy 
farms. It should be used on different farms to evaluate its usefulness in 
practice and to evaluate whether the advices resulting from the model will 
be adopted. Next, the input used in the model, the efficacy of the 
management measures, should be validated by extra expert sessions to 
evaluate their accordance to the found efficacies. 

- Many input values needed for correct and adequate economic calculations 
are missing in the literature.  

- Methodologies used in this thesis, like DEA, can help to decide which 
management measures to focus on in research. Management measure(s) 
which seem to be efficacious, have a positive cost-efficiency, but show 
much uncertainty due to limited scientific background, should be studied 
further. 
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Mastitis is one of the most costly diseases in the dairy sector. Improvement of the 
udder health situation plays an important role in achieving an efficient and 
economically sound business. The major factor in animal health economics at farm 
level is decision support. For decision support it is important to have relevant 
information available. Currently, advice is often given based on averages. But the 
average farm does not exist; therefore it is important that information on the 
individual farm is available for decision support. In this way, the advice will be 
more specific and the percentage of adopted advices will be increased. Goal of the 
research described in this thesis, was to calculate farm specific costs of mastitis and 
benefits of management measures and to get insight in the economic behaviour of 
farmers. 
 
In chapter 2 the cost of mastitis for different farm situations were calculated. The 
total costs of mastitis (clinical and subclinical) vary between €65 and €180 per 
average cow present at the farm per year. The cost for a clinical mastitis cases are 
estimated at €210, ranging between €164 and €235, depending on the month of 
lactation in which the mastitis case occurs. The farm specific costs of mastitis were 
calculated for 78 farmers, after they gave their estimation of these costs. It 
appeared that the majority of farmers (72%) underestimated the cost of mastitis. 
The estimated costs ranged from €17 to €200. Because farmers do not have an 
objective view on the economic consequences of mastitis problems at their farms, 
the underestimation may have a negative impact on the implementation of 
management measures. Because the costs of mastitis vary between different 
situations, decision support should be based on this farm specific situation instead 
of averages. This chapter also describes a calculation tool available to farmers and 
their advisers to get insight in the farm specific costs. This calculation tool is 
available via the internet and can be used freely. 
 
Besides insight in the farm specific costs of mastitis, the economic behaviour of 
dairy farmers plays an important role in their decision making process. In chapter 
3, two important phenomena of behavioural economics, the “endowment effect” 
and the gain-loss disparity”, were analyzed in relation to mastitis management. In 
total 136 farmers were surveyed about their economic decision behaviour. Farmers 
which had implemented a specific management measure (wear milkers’ gloves, 
milking cows in groups based on cell count, and prestripping) were more inclined 
to continue doing this measure, even if it was assumed that the effectiveness was 
lower or the costs were higher. To let farmers start one of these measures, a larger 
expected improved efficacy or larger decrease of cost was required. Next, it 
seemed that farmers respond from an economic point of view earlier when they 
receive a penalty instead of a bonus.  
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The cost of the various management measures available to improve the udder 
health situation at the farm can be divided into different cost factors. These cost 
factors are long-term investments, short term investments, labour, and change of 
working routines. In neoclassical economic models the costs are put to a similar 
economic level. Chapter 4 described that farmers do not always value these 
factors equally and a preference for certain cost factors does exist. Because at a 
dairy farm the milking parlour occupies a special role and often requires specific 
management, the cost factors were divided into cost factors regarding the milking 
parlour and cost factors elsewhere at the farm. For this study, 136 farmers were 
surveyed with an Adaptive Conjoint Analysis. This method is suitable to study 
preferences and is used here to obtain individual preferences for the different cost 
factors. A large variation in preferences was found. Taking the individual 
preferences together, long-term investments elsewhere in the farm (outside the 
milking parlour) were valued highest and changing routines elsewhere in the farms 
were valued lowest. The large variation in the preferences of farmers for different 
cost factors indicates the importance of the inclusion of such information in 
decision support. This does not mean that the current economic models are not 
useful for decision support, but besides the "straightforward" economic approach, 
other aspects play a role in economic decisions and the decision of the farmer can 
be different than expected based on the economic calculations.  
 
With insight in farm specific costs of mastitis and knowledge of some aspects of 
economic decision behaviour of farmers, the efficacy of management measures is 
investigated as described in chapter 5. Many different management measures to 
improve the udder health situation are known, but insight in the costs and efficacies 
of these measures is missing. This study analyzed 18 management measures which 
are based on the NMC and Dutch Udder Health Center list. To be able to use the 
efficacies for farm specific decision support, the effects were specified for different 
starting points of udder health (good, average and poor). Furthermore, the effects 
were specified for a 100% contagious problem and a 100% environmental problem, 
and these effects are further broken down into the effect on BTSCC and the effect 
on incidence of clinical mastitis. To assess the effects of management measures an 
extensive literature search was carried out. Because too much information was 
missing in the literature, expert sessions were organised with farmers, 
veterinarians, and experts from the dairy and animal feed industries. With a 
specially developed model, these two types of information (literature and expertise) 
were combined. The effects of the measures varied for the different udder health 
situations, the effect on BTSCC and the incidence of clinical mastitis, and the 
impact on environmental and contagious problems. On average teat disinfection 
after milking had the most effect. However, the large variation in the effects found, 
indicate that there exist a substantial uncertainty and variation in the estimated 
effects of the management measures. When the costs and the effects were plotted 
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against each other, 4 management measures proved to be most cost-effective: keep 
cows standing after milking, clean milking clusters after milking a clinical case, 
use a separate cloth for every cow, and wear milkers’ gloves. It was not obvious 
that management measures with the highest effect were also cost-efficient. It is 
therefore important to take the cost-efficiency of management measures also into 
account when choosing management measures to improve the udder health 
situation on a farm.  
 
Besides information about the effects and costs of management measures, it is also 
important to have insight in the benefits of those measures. The benefits of 18 
management measures are provided in chapter 6. Benefits are calculated by the 
difference of the cost of mastitis in the current situation to the cost of mastitis if the 
management measures would be implemented. An overview of the costs and 
benefits for 9 different farm situations is given. For the management measures: 
wash dirty udders, wear milkers’ gloves, rinse clusters after milking a clinical case, 
keep cows standing after milking, dipping, drying off, and feed dry cow minerals, 
the benefits exceed the costs in most farm situations. In general, more expensive 
management measures also had a greater effect, but this effect is not always large 
enough to ensure that the benefits exceed the costs. Specific farm situations 
influence both the costs and benefits of management measures and could therefore 
provide different results.  
 
In the general discussion (chapter 7) the results of the previous chapters are 
discussed and integrated. With the information that becomes available in this thesis 
and the calculation tools developed, it is possible to give insight in the farm 
specific costs of mastitis and the benefits of different management measures. It 
remains a challenge to recommend the economically most optimal management 
measure to improve the udder health situation. Resources such as money and 
labour are limited, and thus choices must be made. It is established that next to 
economic, also social and other factors play a role in making these choices.  
 
The results of this thesis show the importance of a farm-specific approach in 
decision support. The calculation tools developed as part of this thesis can be used 
in decision support and for providing insight into farm-specific costs and benefits 
of mastitis management measures. 
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Mastitis is een van de duurste ziektes in de melkveehouderij. Het verbeteren van de 
uiergezondheidssituatie speelt dan ook een belangrijke rol in het behalen van een 
efficiënt en economisch gezond bedrijf. Het werk in het vakgebied Economie van 
diergezondheid is gericht op het ondersteunen van beslissingen. Voor 
beslissingsondersteuning is het belangrijk om de relevante informatie beschikbaar 
te hebben en te gebruiken. Vaak wordt bij advies dat gegeven wordt uitgegaan van 
gemiddelde waarden, getallen, en kosten. Een gemiddeld bedrijf bestaat echter niet, 
en het is daarom van belang om deze informatie zo goed mogelijk toe te spitsen op 
het individuele bedrijf waar ondersteuning nodig is of gevraagd wordt. Op deze 
manier wordt het advies specifieker en kan het percentage advies dat daadwerkelijk 
opgevolgd wordt, verhoogd worden. Het doel van het in dit proefschrift beschreven 
onderzoek was om de kosten van mastitis en baten van managementmaatregelen in 
kaart te brengen voor verschillende bedrijfssituaties en inzicht te krijgen in het 
economisch gedrag van veehouders. 
 
In hoofdstuk 2 zijn de kosten voor mastitis voor verschillende bedrijfssituaties in 
kaart gebracht. De totale kosten van mastitis (klinisch en subklinisch) komen op 
€65 tot €180 per gemiddeld op het bedrijf aanwezige koe per jaar. De kosten voor 
een klinisch mastitis geval zijn geschat op €210, variërend tussen €164 en €235 
afhankelijk van de maand in lactatie waarin de mastitis optreedt. Voor 78 
veehouders zijn de kosten van mastitis op hun bedrijf berekend nadat ze een 
schatting hadden gegeven van de verwachtte kosten. Het bleek dat de meerderheid 
(72%) van de veehouders de kosten van mastitis onderschat. De geschatte kosten 
varieerden van €17 tot €200. Omdat veehouders geen objectief beeld hebben van 
de economische consequenties van het mastitisprobleem op hun bedrijf kan het 
onderschatten een negatief effect hebben op het implementeren van 
managementmaatregelen. Omdat de kosten van mastitis verschillen per 
bedrijfssituatie is het belangrijk om in beslissingsondersteuning de 
bedrijfsspecifieke situatie mee te nemen en het advies daarop te baseren in plaats 
van over gemiddeldes te praten. In dit hoofdstuk is ook een rekenmodule 
beschreven die beschikbaar is voor veehouders en hun adviseurs om inzicht te 
krijgen in de bedrijfsspecifieke kosten. Deze rekenmodule is beschikbaar via 
internet en kan vrij gebruikt worden. 
 
Naast inzicht in de bedrijfsspecifieke kosten van mastitis, speelt ook het 
economisch gedrag van melkveehouders een belangrijke rol in hun 
beslissingsproces. In hoofdstuk 3 worden twee belangrijke aspecten van 
gedragseconomie, “endowment effect” en “gain-loss disparity”, geanalyseerd met 
betrekking tot mastitismanagement. Bij 136 veehouders is een enquête gehouden 
over het economisch beslissingsgedrag. Veehouders die een bepaalde 
managementmaatregel (dragen van melkershandschoenen, melken in groepen 
gebaseerd op celgetal, en voorstralen) al uitvoerden waren meer geneigd om deze 
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maatregel te blijven doen, ook wanneer verondersteld werd dat de effectiviteit lager 
zou zijn of de kosten hoger. Om veehouders met een van deze maatregelen te laten 
starten was een grotere verwachtte winst door een verbetering van effectiviteit of 
kosten nodig. Hiernaast bleek ook dat veehouders economisch gezien eerder 
reageren op een korting dan op een bonus.  
 
De kosten van de verschillende managementmaatregelen die er zijn om de 
uiergezondheidssituatie op een bedrijf te verbeteren, kunnen worden onderverdeeld 
in verschillende kostensoorten. Deze soorten zijn lange termijn investeringen, korte 
termijn investeringen, arbeid en verandering van werk routines. In neoklassieke 
economische modellen worden kosten altijd op een vergelijkbaar economisch 
niveau gezet. In hoofdstuk 4 is beschreven dat veehouders deze soorten echter niet 
altijd gelijk waarderen en dat een voorkeur voor bepaalde kostensoorten bestaat. 
Omdat de melkstal in de melkveehouderij een speciale rol inneemt en vaak ook 
specifiek management vraagt zijn in dit onderzoek de kostensoorten onderverdeeld 
in kosten die gemaakt worden in de melkstal en kosten die gemaakt worden elders 
op het bedrijf. Voor deze studie zijn 136 veehouders geënquêteerd met de zogehete 
“Adaptive Conjoint Analyse”. Deze methode is geschikt om voorkeuren boven 
water te krijgen en is hier gebruikt om individuele voorkeuren voor de 
verschillende kostensoorten inzichtelijk te maken. Een grote variatie in voorkeuren 
kwam naar voren. Wanneer we de individuele voorkeuren bij elkaar nemen, 
werden lange termijn investeringen elders op het bedrijf (buiten de melkstal) het 
hoogst gewaardeerd en het veranderen van routines elders op het bedrijf het 
laagste. De grote variatie in de voorkeuren van veehouders voor verschillende 
kostensoorten geeft het belang aan van het meenemen van dergelijke informatie in 
beslissingsondersteuning. Dit wil niet zeggen dat de huidige economische modellen 
niet bruikbaar zijn voor beslissingsondersteuning, maar wel dat naast de “recht toe 
recht aan” economische benadering, meer aspecten een rol spelen in economische 
beslissingen en dat de daadwerkelijke beslissing van een veehouder wel eens 
anders kan zijn dan verwacht op basis van berekeningen. 
 
Met behulp van het inzicht in de bedrijfsspecifieke kosten van mastitis en de kennis 
van enkele aspecten van economisch beslissingsgedrag van veehouders, is de 
efficiëntie van managementmaatregelen verder te onderzoeken zoals is beschreven 
in hoofdstuk 5. Veel verschillende managementmaatregelen om de 
uiergezondheidssituatie te verbeteren zijn bekend, maar inzicht in de kosten en 
effectiviteit van deze maatregelen ontbrak. In deze studie zijn 18 
managementmaatregelen geanalyseerd. Deze managementmaatregelen zijn 
geselecteerd aan de hand van de lijst van de NMC (www.nmconline.org) en het 
UGCN. Om de efficiënties te kunnen gebruiken in bedrijfsspecifieke 
beslissingsondersteuning, is gekeken naar de effecten op verschillende 
uitgangssituaties van uiergezondheid (goed, gemiddeld, en slecht). Verder zijn de 
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effecten gespecificeerd op een 100% koegebonden probleem en een 100% 
omgevingsgebonden probleem, en zijn deze effecten verder uitgesplitst naar het 
effect op tankcelgetal en het effect op incidentie van klinische mastitis. Om de 
effecten van de managementmaatregelen te bepalen is eerst een uitgebreid 
literatuuronderzoek gedaan. Omdat teveel informatie miste in de literatuur zijn 
daarna expert sessies georganiseerd met veehouders, dierenartsen, en experts uit de 
melk- en veevoedingsindustrie, om het beeld zo compleet mogelijk te maken. Met 
een speciaal ontwikkeld model zijn deze twee soorten van informatie (literatuur en 
expertise) gecombineerd. De effecten van de maatregelen varieerden voor de 
verschillende uiergezondheidssituaties, voor het effect op het tankcelgetal en op de 
incidentie klinische mastitis, en voor het effect op omgevings- en koegebonden 
problemen. Gemiddeld bleek speendesinfectie na het melken het meeste effect te 
hebben. Wel was de variatie in de gevonden effecten groot, wat aangeeft dat er 
nogal wat onzekerheid en variatie bestaat in de schatting effecten van de 
managementmaatregelen. Wanneer de kosten en de effecten tegen elkaar werden 
uitgezet, bleken 4 maatregelen het meest kosten-efficiënt te zijn: koeien laten staan 
na het melken, melkstellen spoelen na het melken van een klinische mastitis geval, 
voor iedere koe een aparte doek gebruiken tijdens het voorbehandelen, en het 
dragen van melkershandschoenen. Ook bleek het niet vanzelfsprekend te zijn dat 
maatregelen met het grootste effect kosten-efficiënt zijn. Het is daarom belangrijk 
om de kosten van maatregelen mee te nemen bij de keuze van 
uiergezondheidsmanagement op een individueel bedrijf. 
 
Naast informatie over de effecten en kosten van managementmaatregelen, is het 
ook van belang om kennis te hebben over de baten van die maatregelen. Van 18 
management maatregelen zijn de baten bepaald in hoofdstuk 6. Baten zijn 
uitgerekend door het verschil van de kosten van mastitis in de huidige situatie te 
vergelijken met de kosten van mastitis wanneer de managementmaatregel werd 
uitgevoerd. Een overzicht in de kosten en baten voor 9 verschillende 
bedrijfssituaties is gegeven. Voor de maatregelen: vieze uiers wassen, dragen van 
melkershandschoenen, melkstellen spoelen na een klinisch mastitis geval, koeien 
laten staan na het melken, nabehandelen, droogzetten, en het voeren van 
droogstandsmineralen, waren de baten hoger dan de kosten in de meeste 
bedrijfssituaties. In het algemeen was het zo dat de duurdere 
managementmaatregelen ook een groter effect hadden, maar dat dit effect niet 
altijd groot genoeg was om ervoor te zorgen dat de baten hoger zijn dan de kosten. 
Specifieke bedrijfskenmerken beïnvloeden zowel de kosten als de baten van 
managementmaatregelen en kunnen dus voor andere resultaten zorgen.  
 
In de algemene discussie (hoofdstuk 7) zijn de resultaten van de voorgaande 
hoofdstukken geïntegreerd en bediscussieerd. Met de informatie die beschikbaar is 
gekomen in dit proefschrift en de modules die zijn ontwikkeld, zijn de kosten van 
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mastitis en de baten van verschillende managementmaatregelen op bedrijfsniveau 
inzichtelijk te maken. Het blijft een uitdaging om economisch gezien de meest 
optimale maatregel te adviseren om de uiergezondheidssituatie te verbeteren. 
Middelen zoals geld en arbeid zijn niet onbeperkt aanwezig, en er moeten dus 
keuzes gemaakt worden. Vastgesteld is dat naast economische, ook sociale en 
andere factoren hierbij een rol spelen.  
 
De resultaten van dit proefschrift laten het belang van een bedrijfspecifieke aanpak 
in beslissingsondersteuning zien. De modules die zijn ontwikkeld als onderdeel van 
dit proefschrift kunnen gebruikt worden in beslissingsondersteuning en voor het 
inzichtelijk maken van bedrijfsspecifieke kosten van mastitis en baten van 
managementmaatregelen. 
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Mijn proefschrift. Het is af.  
 
Iedereen die er de afgelopen jaren voor me is geweest: Bedankt! En hier zou ik het 
bij kunnen laten, maar dat wil ik natuurlijk niet. Zoveel vrienden, collega’s en 
familie verdienen het om bedankt te worden. Ieder heeft op zijn manier een unieke 
bijdrage geleverd aan dit proefschrift. Een aantal mensen wil ik hier even in het 
bijzonder noemen. 

Ten eerste Henk, ontzettend bedankt voor je begeleiding de afgelopen 
jaren. Je hebt het project voor mij laten leven. Jouw enthousiasme werkt erg 
aanstekelijk. Door je enthousiasme is het voor mij nog moeilijker om nee te zeggen 
tegen ideeën, acties, artikelen of wat dan ook ☺. Ik vond het erg fijn samenwerken 
en heb erg veel van je geleerd. Je hebt heel wat pennen leeg geschreven op mijn 
concept stukken. Wanneer ik je handschrift had ontrafeld bleken het erg nuttige 
opmerkingen: waarom had ik daar zelf niet aan gedacht… Ik hoop nog regelmatig 
op jouw bbq’s te mogen en kunnen komen! 

Theo, bedankt voor jouw bijdrage aan dit proefschrift. De discussies over 
de implicatie van de resultaten: “wat kunnen we er nou mee”, hebben zeker 
meerwaarde gegeven aan dit boekje. Het was altijd weer afwachten hoe blauw of 
groen mijn teksten weer teruggestuurd werden (voor mijn gevoel werd dat wel 
steeds minder…), ik heb er veel van geleerd!  

Arjan, heel vaak hebben we elkaar niet gesproken over mijn onderzoek, 
maar de keren dat we om de tafel zaten, wist je met jouw opmerkingen de sterke en 
zwakke punten er precies eruit te halen. Vooral bedankt voor je hulp met de 
introductie en discussie. 

Alfons, nadat Ruud met de begeleiding stopte, heb jij het opgepakt. Ik ben 
erg blij met jouw inbreng in mijn proefschrift. Toch nog een echte econoom in 
mijn begeleidingsgroep! Bedankt! 

Ruud, bedankt voor jouw inbreng in het project. Vooral in het begin was je 
actief betrokken als mijn promotor. Jammer dat we het project niet samen hebben 
af kunnen ronden, maar jouw inbreng is zeker van waarde geweest.  

Mijn kamergenoten: Bart en Tariq, voor de gezelligheid en het samen in 
“de koelkast” werken. Claudia en Wilma, mijn kamergenoten via de deur en op het 
laatst nog als “echte” kamergenoten. Bedankt voor de gezelligheid en gesprekken 
over het wel en wee van het AIO zijn. En Claudia, natuurlijk heel erg bedankt dat 
je mijn paranimf wilde zijn. Ruth, naast een tijdje kamergenoot ook nog 
carpoolgenootje, we hebben heel wat uurtjes in de file doorgebracht die toch altijd 
gezellig waren. Marian, altijd gezellig als je even binnenwipte en je bent een erg 
gezellige reisgenoot. Allemaal ontzettend bedankt voor de gezellige uurtjes op en 
na het werk! 

Alle andere collega’s van Landbouwhuisdieren ook allemaal bedankt voor 
de gezellige borrels, bbq’s, uitjes, koffiepauzes en het gewoon binnen kunnen 
lopen. Bedankt!  
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Collega’s in Wageningen, jullie zagen me soms af en toe, soms een tijd 
niet, en soms opeens met enige regelmatig binnenvliegen op de afdeling. Bedankt 
voor het altijd welkom voelen als ik er was. 

Collega’s van het UGCN, met zijn allen hebben we er toch maar een mooi 
project van gemaakt. Bedankt voor de gezelligheid, feedback, interesse, en hulp bij 
mijn onderzoek. Ik hoop jullie nog regelmatig tegen te komen. 
 
Naast de collega’s wil ik natuurlijk ook mijn familie en vrienden hier heel erg 
bedanken voor de luisterende oren, gezellige uitjes, lekker een wijntje drinken, 
gewoon even weg gaan etc. Leonie, Marielle, Angela, Sabine, bedankt dat jullie 
mijn vriendinnetjes zijn! Willie, jij natuurlijk even in het bijzonder. Ik ben blij dat 
je nu wel in het land bent en ben super blij dat je mijn paranimf wilde zijn. 
Bedankt! 

Meut, bedankt voor je afleiding met leuke verhalen, nachtelijke 
telefoontjes, en gezellige uitjes! Je bent het beste zusje! 

Pa en Ma, zonder jullie had dit boekje er niet gelegen! Niet alleen omdat ik 
er dan niet was geweest….Maar vooral omdat jullie mij altijd hebben gestimuleerd, 
me alle mogelijkheden en kansen hebben gegeven en me altijd hebben verteld dat 
als ik iets wil, ik dat dan kan! Heel erg bedankt voor al jullie steun en liefde!  

Bart, ik noem je als laatste, maar je bent zeker niet de minste. Zonder jou 
had ik het heel wat moeilijker gehad de afgelopen jaren. Naast je nuchtere blik op 
mijn werk, je Excel hulp (met welk model heb je je eigenlijk niet bezig gehouden 
☺), en commentaar op teksten die ik je liet lezen, is vooral de persoonlijke steun 
ontzettend belangrijk voor me geweest. Op de goede momenten de stimulans om 
nog even door te pakken, en op andere momenten tijd voor afleiding met leuke 
dingen doen. Deze uitdaging heb ik met succes kunnen afronden. Samen staan we 
nu midden in ons eigen project met minstens zoveel uitdaging. Maar ik weet zeker 
dat wij het perfecte team zijn!  
 
 
Houdoe en bedankt! 
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