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Stellingen 

1. Voor een economisch optimale ondersteuning van vervangingsbeslissingen bij 
individuele koeien met klinische mastitis kan het meenemen van historische 
informatie hieromtrent beperkt blijven tot de lopende lactatie (dit proefschrift). 

2. Het in de praktijk vaak toegepaste interval van melkmeting van drie tot vier 
weken is te groot om tot een juiste inschatting van een door ziekte veroorzaakte 
melkproduktiederving te komen (dit proefschrift). 

3. Omdat optimalisatiemodellen in tegenstelling tot de partial budgeting methode 
onder gewijzigde omstandigheden automatisch de optimale beslissingen volgen, 
zijn zij bij uitstek geschikt om de maximaal toelaatbare kosten van preventieve 
ziektemaatregelen te bepalen (dit proefschrift). 

4. Een hybride systeem waarbij met een genetisch algoritme de korte termijn 
belangen geoptimaliseerd worden en met dynamische programmering de lange 
termijn belangen blijkt een goede methode te zijn om in zeer complexe situaties 
tot de juiste beslissingen te komen (dit proefschrift). 

5. Voor een verantwoord gebruik van een beslissingsondersteunend systeem is het 
kennen van de beperking minstens zo belangrijk als het kennen van de 
werking. 

6. Het ontbreken van een varkenscyclus in de melkveehouderij zal tot gevolg 
hebben dat de melkveehouderij met een relatief hoge kostprijs geconfronteerd 
wordt 

7. Het ontbreken van de organisatiegraad van de rundveehouderij in de varkens
houderij zal tot gevolg hebben dat de varkenshouderij met een relatief lage 
opbrengstprijs geconfronteerd wordt. 

8. Het is weliswaar goed te verklaren maar moeilijk te verdedigen dat voor het 
uitvoeren van vaccinaties in de veehouderij een universitaire scholing vereist is. 

9. De in de praktijk vaak geconstateerde overmatige belangstelling voor de 
betrouwbaarheid van een fokwaarde wordt vooral veroorzaakt doordat men de 
schattingsmethode niet betrouwbaar vindt. 



10. Wetenschap beoogt vernieuwend te zijn, maar veel wetenschappers voelen zich 
op hun gemak als hun resultaten overeenkomen met het onderzoek van hun 
voorgangers. 

11. Voor onervaren zeilers worden de kosten van een zeilweekend veelal in 
sterkere mate bepaald door de borgsom dan door de huurprijs van de boot. 

E.H.P. Houben 
Economic optimization of decisions with respect to dairy cow health management 
Wageningen, 5 april 1995 
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Abstract 

Economic optimization of decisions with respect to dairy cow health management 
Economische optimalisatie van beslissingen gericht op gezondheidsmanagement 
bij melkvee. 
Houben, E.H.P., 1995. 

The research described in this thesis was directed towards decision support in dairy 
cow health management. Attention was focused on clinical mastitis, in many 
countries considered to be the most important dairy health problem. First a statistical 
analysis was carried out to obtain biological and economic parameters with respect 
to clinical mastitis which fitted in the state space definition of the stochastic dynamic 
programming model. This optimization model was based on the hierarchic Markov 
process technique. An extensive sensitivity analysis of key parameters in optimizing 
decisions on individual cows was carried out. The economic value of information on 
clinical mastitis in making insemination and replacement decisions was determined 
for a broad range of mastitis incidences. The effect of income maximization per unit 
of physical output (i.e. milk) instead of maximization per cow and including the 
opportunity costs of labour and housing was determined. Finally, a method was 
developed to optimize decisions for individual animals within herd level restrictions, 
such as exceeding of milk quota, shortage of replacement heifers, and disease 
transmission between animals. The methods described are general of nature and can 
be used for other diseases and species. 

PhD-thesis, Department of Farm Management, Wageningen Agricultural 
University, Hollandseweg 1, 6706 KN Wageningen, The Netherlands. 





Voorwoord 

Al met al betekent de openbare verdediging van dit proefschrift voor mij de 
afsluiting van een mooie periode. Ik heb de afgelopen jaren vaak toe moeten lichten 
wat er mij toe gebracht heeft om 'iets met koeien' te doen. Die vraag werd steevast 
gesteld, omdat men mij om de een af andere reden altijd associeerde met varkens. 
Gelukkig kon ik de betreffende personen meestal wel geruststellen door te melden 
dat het vooral om de bedrijfseconomische invalshoek ging en dat de gebruikte 
methoden veel breder inzetbaar waren. Daarom hebben de koeien op de omslag een 
ietwat abstracte vorm: met een beetje fantasie kun je er varkens in herkennen. Maar 
wat was nu de reden om AIO te worden? Het salaris was niet zo fantastisch, dus 
daar zal het wel niet aan gelegen hebben. Militaire Dienst? Ja, dat heeft inderdaad 
een beetje meegespeeld. Maar het was vooral de uitdaging om in een bepaalde 
periode met een sterke mate van vrijheid een onderwerp van begin tot eind uit te 
werken. Boven alles gaf het de doorslag dat mijn directe begeleiders - prof.dr.ir. Aalt 
Dijkhuizen en dr.ir. Ruud Huirne - in de periode die ik als toegevoegd onderzoeker 
een half jaar op de vakgroep werkte, zeer inspirerend waren. Aalt en Ruud, bedankt 
dat jullie die voortreffelijke aanpak vast bleven houden tijdens mijn AlO-periode. 
Een woord van dank gaat tevens uit naar de overige leden van de begeleidingscom
missie, prof.dr.ir. J.A. Renkema, prof.dr.ir. A. Brand en dr.ir. J.A.M. van Arendonk. 
Tijdens de bijeenkomsten van de commissie werden alle zaken nog eens belicht 
vanuit ieders vakspecifieke invalshoek en dat heeft ook zeker bijgedragen aan het 
resultaat. 

Reeds in een vroeg stadium moest een beslissing genomen worden welke 
optimalisatietechniek gebruikt zou worden. De tijd die dr. Anders Kristensen tijdens 
mijn bezoek in Kopenhagen voor mij vrijmaakte, om de hiërarchie Markov techniek 
toe te lichten heeft er toe geleid dat ik snel van start kon gaan met een veel 
belovende methode. Dear Anders, thank you very much for the time you spent on 
me while I was visiting you in Copenhagen. Also many thanks for your quick and 
comprehensive responses to my questions later on. 

Mijn onderzoek was een onderdeel van een groter opgezet onderzoeksproject: het 
Melk Produktie Project. Ik wil mijn collega-onderzoekers, projectleiding en 
projectondersteuning hartelijk danken voor de plezierige manier waarop kennis 
uitgewisseld werd. 

De vakgroep Agrarische Bedrijfseconomie is tijdens mijn periode flink, tegen de 
verdrukking in, gegroeid. De sfeer op de vakgroep was erg goed en ik heb mede 
daardoor altijd met veel plezier op de Leeuwenborch gewerkt (en taart gegeten). De 
AIO-onderzoeksbesprekingen leverde altijd weer nuttige suggesties en nieuwe ideeën 

http://prof.dr.ir
http://prof.dr.ir


op. Tevens maakten deze besprekingen het mogelijk om op een veel breder vlak 
kennis op te doen. Een formule die jullie vast moeten blijven houden! 

Een woord van dank gaat uit naar SKBS en Landbouwuniversiteit Wageningen als 
zijnde de financiers van mijn onderzoek, Fullwood b.v. voor de financiële bijdrage 
in de drukkosten van dit proefschrift, vakgroep Bedrijfsdiergeneeskunde & 
Voortplanting van de Faculteit Diergeneeskunde in Utrecht voor het beschikbaar 
stellen van hun dataset, Diny Dijkhuizen voor de correctie van de Engelse teksten en 
Pepijn Schakenraad voor het ontwerp van de omslag. 

Verder wil ik mijn ouders bedanken voor de mogelijkheid die zij mij boden om te 
gaan studeren en hun belangstelling tijdens deze Wageningse periode. 

Tot slot gaat een mieters woord van dank uit naar Marika. Vooral tijdens de 
laatste fase van mijn onderzoek bleken er steeds meer zaken te zijn die mijn tijd 
opslokten en ik vind het dan ook fantastisch Marika op welke manier jij begrip 
toonde en mij steunde. 
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2 Chapter 1 

1. Introduction 

The replacement policy of dairy cows greatly influences profitability of the herd 
(Van Arendonk, 1985). The major reasons for culling cows are low production, 
failure to conceive, and mastitis. Decisions to replace cows are mainly based on 
economic rather than on biological considerations, i.e., the farmer expects to improve 
profits by replacing the cow. The inherent biological cycles of reproduction and 
lactation make dairy cow management decisions dynamic, recursive, and stochastic. 
Decisions are time-dependent. In multi-stage optimization problems, dynamic 
programming (DP) has the advantage of determining optimal decisions without 
requiring exhaustive enumeration of all sequences of production possibilities 
(DeLorenzo et al., 1992). Jenkins and Halter (1963), Giaever (1966) and Smith (1971) 
already used the DP approach in their studies on optimal dairy cow replacement 
policies. Before the mid-1980s, however detailed DP models were not available 
because of the lack of computer capacity. Subsequently, several DP models have 
been developed to optimize replacement decisions for individual animals (cows and 
sows) based on production capacity and reproductive state (Van Arendonk, 1985; 
Huirne, 1990; Kristensen, 1993). Only Stott and Kennedy (1993) included clinical 
mastitis, which is, in many countries, considered to cause major losses (Schepers and 
Dijkhuizen, 1991). In the model of Stott and Kennedy (1993), however, replacement 
during a lactation was not possible and mastitis status was treated as a binomial 
variable rather than a multilevel one. The way clinical mastitis was modelled, 
therefore, was not detailed enough to come to sound economic conclusions. 

The objectives of this thesis were to develop an optimization model for dairy cow 
replacement which includes clinical mastitis in a detailed way. The model should 
allow decisions to be taken frequently, e.g., each month within a lactation and taking 
into account monthly transitions between production classes. Another objective was 
to determine the sensitivity of farm results to suboptimal culling policies. Further
more, a method had to be developed to include herd level restrictions, such as milk 
quota, in the decision-making process. 

2. Background 

This research was part of a larger project: the Milk Production Project, MPP (Brée 
et al., 1992). The aim of the MPP was to develop a prototype of an integrated 
management decision support system for dairy farms, focusing on mastitis 
management. Three modules related to mastitis management were developed: 1) 
automatic mastitis detection (Nielen, 1994; Spigt, 1994), 2) automatic diagnosis and 
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therapy selection at cow level, as well as automatic mastitis problem analysis at herd 
level (Hogeveen, 1994), and 3) automatic economic evaluation of insemination and 
replacement decisions with special emphasis on mastitic cows (this thesis). 

Within the MPP, a basic architecture for a decision support system was developed 
(Van den Broek and Schreinemakers, 1993). Using this architecture, automatic 
detection of clinical mastitis, automatic pathogen diagnosis, and economic evaluation 
were implemented in the MPP prototype. Data from the milking parlour are entered 
into the detection module, to search for affected quarter of the cows (Nielen, 1994). 
Next, these cows are automatically presented to the pathogen diagnosis module of 
the prototype system (Hogeveen, 1994). The third module (economic evaluation) 
calculates the insemination and replacement value for the cows concerned (this 
thesis). 

3. Outline of the thesis 

Chapter 2 describes a statistical analysis of obtaining biological and economic 
parameters with respect to clinical mastitis which fit in the state space definition of 
the stochastic dynamic programming model. This optimization model was based on 
the hierarchic Markov process structure and is fully described in Chapter 3, 
including the results of an extensive sensitivity analysis of the key parameters. 
Chapter 4 determines the economic value of information on clinical mastitis in 
making insemination and replacement decisions for a broad range of mastitis 
incidences. The effect of maximization per unit of physical output (i.e. milk) instead 
of maximization per cow in the context of inclusion of opportunity costs of labour 
and housing is described in Chapter 5. A method was developed to include the 
effects of decisions for individual animals within herd level restrictions, such as 
exceeding of milk quota, shortage of replacement heifers, and disease transmission 
between animals. This method is described in Chapter 6. 
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Abstract 

A study of 5313 lactations between 1985 and 1990 was carried out in 2477 Black and 
Wiite cows. A stepwise least squares method was used to obtain unbiased estimates of milk, 
fat, and protein losses that were due to clinical mastitis and the carry-over effect from the 
previous lactation. Logistic regression was used to estimate the probabilities that a cow would 
have clinical mastitis in the next month. 

The effect of clinical mastitis on production within one lactation was estimated at 527 kg 
of milk (8.1%), 22.7 kg of fat (8.0%) and 13.7 kg of protein (6.2%) for 3 or more clinical 
cases in the second lactation. One or two clinical cases in a lactation did not significantly 
affect the production in the next lactation. The negative carry-over effect of 3 or more clinical 
cases was estimated at 381 kg of milk (5.9%), 23.7 kg of fat (8.4%), and 10.1 kg of protein 
(4.6%) up to and including mo 8 of the second lactation. The fat content in milk produced 
after the onset of mastitis decreased, and protein content increased. 

The risk of clinical mastitis infection in the following month was influenced by month of 
lactation (a higher risk early in lactation), lactation number (risk increased with lactation 
number), production level (higher risk for high producing cows), number of clinical quarter 
cases in the previous lactation, number of clinical quarters in the previous months of the 
current lactation, and occurrence of clinical mastitis in the current month. 

Key words: clinical mastitis, production, repeatability 
Abbreviation key: CQ = accumulated number of diagnosed clinical quarter cases in 
current lactation from the beginning of the lactation (t = 0) through month t - 1 (four 
levels: 0, 1, 2, and 3+), DQ = binary variable indicating that clinical mastitis was 
diagnosed in at least 1 quarter (1+) or in none of the quarters (0) in month t of the 
current lactation, PQ = accumulated number of clinical quarter cases in the previous 
lactation (four levels: 0 ,1 , 2, and 3+). 

1. Introduction 

Mastitis causes major losses in dairy cattle. Various attempts have been made to 
quantify the reduction in milk production in relation to clinical and subclinical 
mastitis as mentioned in recent reviews (Janzen, 1970; Rowlands et a l , 1986; 
Deluyker, 1991; Schepers and Dijkhuizen, 1991) and to quantify the risk factors for 
clinical mastitis (Bunch et al., 1984; Dohoo and Martin, 1984; Rowlands et al., 1986; 
Morse et al., 1987; Schukken et al., 1991). Differing methods and origins of (field) 
data are considered to be major reasons for the observed differences in losses 
(Schepers and Dijkhuizen, 1991). 
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Only a few recent studies (Deluyker, 1991) reported the effect of clinical mastitis 
on fat and protein production. Moreover, most estimates in the literature are biased 
downward by culling based on production level and mastitis. These estimates are 
also mostly based on a few observations of short duration. Estimation of production 
losses may also be biased because highly productive cattle run a higher risk of 
contracting mastitis (Bunch et al., 1984; Heuven, 1987; Bartlett et al., 1991; Deluyker, 
1991). No study has considered the effect of mastitis on milk, fat, and protein 
production and the risk factors of mastitis on a short-term basis. Therefore, the 
objective of this research is to obtain reliable estimates of production losses caused 
by clinical mastitis and to obtain estimates of the occurrence and reoccurrence 
probabilities of clinical mastitis on a monthly basis. 

A special technique is used to estimate the effect of mastitis on milk, fat, and 
protein production (i.e., excluding discarded milk, treatment costs, replacement costs, 
and other costs) by the least squares method. This technique corrects for the effect of 
culling and the correlation between the risk of contracting clinical mastitis and 
production level. The major costs caused by clinical mastitis can be determined with 
those estimates for a specific cow in a specific situation. Logistic regression is used 
to estimate the probabilities that a cow will contract mastitis in the next month. 

2. Materials and methods 

2.1. Study Population 

Between June 1985 and November 1990, data were collected from 25 farms with 
Black and White cows. The farms were located in the center of The Netherlands near 
the Veterinary Faculty. At a 3- or 4-wk interval, the milk, fat, and protein production 
data were recorded and analyzed by the Dutch milk recording organization. All 
cases of clinical mastitis observed by the farmer were reported to the Veterinary 
Faculty veterinarian. Moreover, all of the farms were visited by veterinarians of the 
Department of Herd Health and Reproduction of the Veterinary Faculty at least once 
a month. Information about mastitis, such as the date of diagnosis, infected quarters, 
bacteria, and treatments were recorded in the VAMPP computerized management 
information system (Noordhuizen and Buurman, 1984). Three farms were excluded 
from the analysis because veterinarians were not satisfied with the completeness of 
the recording. Moreover, data were excluded when cows were older than 3 yr at first 
calving; when a clinical case was observed in the dry period, but only before the last 
week of the dry period; or when the first production record was measured more 
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than 40 d after calving. For those reasons 698 lactations were excluded and a total of 
5313 lactations of 2477 cows remained for analysis. 

2.2. Calculation of Accumulated Production 

Production was measured at irregular intervals within each month, but monthly 
intervals were used for the analysis. Production on the days on which no measure
ments took place was estimated by linear interpolation of those points. To determine 
the milk production and fat and protein percentages, extra attention should be paid 
to mo 1 of the lactation because no observations are available until at least 20 d after 
calving. Therefore, a Wood curve (Wood, 1967) was used to estimate production on 
d 1 ,5 , and 15. Accumulated production was estimated by taking the surface below 
the graph formed by 1) estimates of the production on d 1, 5, and 15 based on the 
first production record; 2) regularly recorded production data; and 3) interpolation 
points of these observations at monthly intervals. Formula [1] shows how average 
production on d 1, 5, and 15 was estimated using the Wood curve (Heuven, 1987): 

I p ) 
where 

= estimated production on day d, 
d = days in production, 

% = estimated peak production, 

e 
= estimated day of peak production, and 
= estimated slope. 

[1] 

Maximum production of milk and minimum production of fat and protein were 
fixed on d 58 in the first lactation, d 43 in the second lactation, and d 50 in the later 
lactations (Congleton and Everett, 1980). Slope and peak production were estimated 
for the first, second, and third or higher lactations from the data set (Table 1). Those 
estimates were based on production records up to d 200 and indicate a sizeable 
lactation effect, especially for milk production (Table 1). Peak milk production was 
greater for higher lactations, but production after the peak decreased more rapidly. 

Average production was estimated from Formula [1]. Subsequently, individual 
production was estimated by multiplying average production on days 1,5, and 15 by 
observed production on the day of the first production record divided by the 
average production on that day. 
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Table 1. Estimated peak production (y„) and estimated slope (Ô) for milk, fat and protein producti
on. 

Production 

Lactation 

Production 

1 2 3+ 

Production yD Ô y„ Ô % Ô 

Milk 22.9 kg/d .1674 d"' 29.6 kg/d .1809 d"1 32.6 kg/d .2446 d"1 

Fat 4.20% -.0688 d-' 4.16 % -.0449 d"1 4.10 % -.0618 d"' 

Protein 321 % -.1044 d"1 3.23 % -.0642 d"1 3.16 % -.0896 d"' 

Further analysis was carried out on the basis of kilograms rather than percentages 
because the distribution of ratios may not be normal. 

2.3. Diagnoses and Definition of Mastitis 

Figure 1. Graphical representation of the clinical mastitis states and the possible levels for DQ Orinary variable 
indicating that clinical mastitis was diagnosed in at least 1 quarter or in none of the quarters in month 
t of the current lactation), CQ (accumulated number of diagnosed clinical quarter cases in current 
lactation from the r>eginning of the lactation through previous month), and PQ (accumulated number 
of clinical quarter cases in the previous lactation). 

Three variables were introduced that describe the mastitis state of an individual 
cow: the accumulated number of clinical quarter cases diagnosed by a farmer or 
veterinarian in the previous lactation (PQ) (four levels: 0, 1, 2, and 3+), the 
accumulated number of diagnosed clinical quarter cases in the current lactation (CQ) 
from the beginning of the lactation (t = 0) through month t - 1 (four levels: 0 , 1 , 2, 
and 3+), and the binary variable indicating that clinical mastitis was diagnosed (DQ) 
in at least 1 quarter (1+) or in none of the quarters (0) in month t of the current 




