
Independent project  ·  30 hec  ·  Advanced level Agricultural Programme- Economics 
and Manegment  ·  Degree thesis No 1189  ·  ISSN 1401-4084 
Uppsala 2019 

iiii 

Modelling animal health as a production 
factor in dairy production 
- a case of Swedish dairy agriculture

Cassandra Bjelkelöv Telldahl  

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Epsilon Archive for Student Projects

https://core.ac.uk/display/211581772?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Sveriges lantbruksuniversitet 
Swedish University of Agricultural Sciences 

Faculty of Natural Resources and Agricultural Sciences 
Department of Economics 

iiii 

Modelling animal health as a production factor in dairy production – a case of 
Swedish dairy agriculture  

Cassandra Bjelkelöv Telldahl 

Supervisor: Helena Hansson, SLU, 
Department of Economics; Agri-Food Policy and 

Assistant supervisor: Ulf Emanuelsson, SLU, 
Department of Clinical Science; Veterinary Epidemiology Unit 

Examiner: Richard Ferguson, SLU, 
Department of Economics; Rural Entrepreneurship 

Credits:  30 hec 
Level: A1E  
Course title: Independent project in business administration 
Course code: EX0806 
Programme/Education: Agricultural Programme- Economics and Management 
Faculty: Faculty of Natural Resources and Agricultural Sciences 
Course coordinating department: Department of economics 

Place of publication: Uppsala 
Year of publication: 2019 
Cover picture: Hanna Nordström  
Name of Series: Degree project/SLU, Department of Economics 
No: 1189 
ISSN 1401-4084 
Online publication: http://stud.epsilon.slu.se 

Key words: Animal Health, Cobb-Douglas, Dairy Production, Investing, Managerial 
economics, Mastitis, Production Function, Regression Analysis, SCC.   

http://stud.epsilon.slu.se/


Acknowledgements 
First of all, I would like to express gratitude to Växa Sverige for the ability to get access of 
and analyze the data from your producers. Secondly, I would like to thank my supervisor 
Helena Hansson for guidance through the process, as well as assistant supervisor Ulf 
Emanuelsson for bright inputs on the road. Finally, I am so grateful that my family were a 
part of this journey. You are my source of energy, and without you, this thesis would not have 
been possible to perform. 

Uppsala, February, 2019 

Cassandra Bjelkelöv Telldahl 



iii 

Summary 
Farm animal diseases affect livestock production in several different ways. From an economic 
perspective, diseases are an undesirable contribution to the production process. Diseases 
thereby lower the producer's profit margins by reducing animal health and causing 
unnecessary suffering to the animals. For dairy production, mastitis is the most severe disease 
and causes both reduced animal health, increased costs, and reduced milk yield. Subclinical 
mastitis can be recognized by an increase in the somatic cell count (SCC), which is, therefore, 
often used as an indicator of udder health and milk quality. 

The purpose of this study was to investigate how animal health affects the production by 
presenting a general model that can be used to estimate the effect of animal health on 
production. Modelling animal health as a production factor has not been done in previous 
studies, which makes the analysis in this thesis unique.  

A quantitative methodology with a deductive theory approach was applied, and 
microeconomic theories regarding production and animal health economics formed the 
theoretical framework. A broad literature review was performed regarding reduced animal 
health in different livestock production systems, in order to be able to develop generalized 
knowledge regarding how animal health affects production. The study is based on secondary 
data from Växa Sverige and consisted of both biological- and economic outcomes from 99 
dairy farms.  

Data were analyzed in SPSS and STATA by multiple regression analysis where both a Cobb-
Douglas production function and a translog production function were used. On the basis of 
the results of this study, it can be concluded that animal health has a statistically significant 
effect on production. Through the results, Swedish dairy producers can estimate whether 
investments in improved animal health are worth the cost that is added. The developed model 
can also be generalized and used for other livestock production systems to investigate how 
animal health affects production. 
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Sammanfattning 
Sjukdomar hos lantbruksdjur drabbar animalieproduktionen på flertalet olika sätt. Från ett 
ekonomiskt perspektiv utgör sjukdomar ett oönskat bidrag i produktionsprocessen genom att 
minska producentens vinstmarginaler och orsaka onödigt lidande för djuren. För 
mjölkproduktionen är mastit den allvarligaste sjukdomen och orsakar både reducerad 
djurhälsa, ökade kostnader och minskad mjölkavkastning. Subklinisk mastit visar sig genom 
ökning av det somatiska celltalet (SCC) som av den anledningen används som indikator för 
juverhälsa och mjölkkvalitet.  

Syftet med det här examensarbetet var att undersöka hur djurhälsa påverkar produktionen 
genom att utveckla en allmän modell som kan användas för att uppskatta effekterna av 
djurhälsa på produktionen. Att modellera djurhälsa som en produktionsfaktor har inte gjorts i 
tidigare studier vilket gör analysen i detta examensarbete unik.  

En kvantitativ forskningsmetod med en deduktiv ansats har använts där mikroekonomiska 
teorier har används som referensram för att testa hur djurhälsa påverkar produktionen. Vidare 
genomfördes en bred litteraturgenomgång gällande reducerad djurhälsa hos andra typer av 
produktionsinriktningar. Detta för att kunna ta fram generaliserad kunskap om hur djurhälsa 
påverkar produktionen i allmänhet. Studien baseras på sekundärdata från Växa Sverige och 
bestod av både biologiska fakta samt ekonomiskt utfall från 99 mjölkgårdar.    

Data analyserades i SPSS och STATA genom multipel regressionsanalys där både en Cobb-
Douglas produktionsfunktion samt translog produktionsfunktion användes för att estimera 
effekten av djurhälsa. Resultaten visade att djurhälsa har en statistiskt signifikant effekt på 
produktionsfunktionen. Genom resultaten kan svenska mjölkproducenter estimera om 
investeringar i förbättrad djurhälsa är värt kostnaden som tillkommer. Modellen som 
utvecklades kan även generaliseras och användas till andra produktionsinriktningar för att 
undersöka hur djurhälsa påverkar produktionen för dessa djurslag, genom att anpassa 
variabeln för djurhälsa till sjukdomar som förekommer för de djurslagen.  
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Abbreviations 
BTSCC- Bull tank somatic cell count 
CM- Clinical mastitis
ECM- Energy corrected milk
FAWC- Farm Animal Welfare Council
GDPR- General data prodtection regulation 1
SCC- Somatic cell count
SCM- Subclinical mastitis
SEK- Swedish krona
SH- Swedish Holstein cow
SPSS- Statistical Package for the Social Science
SR- Swedish Red cow
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 1 Introduction 
Along with the growing population and a vision of sustainable agriculture, there is an 
increasing concern about the wellbeing of farm animals (e.g., D’Silva, 2009; Hansson & 
Lagerkvist, 2012; Lagerkvist, Hansson, Hess & Hoffman, 2011; Lusk, Nordwood & Prickett, 
2007). In the European Union, this has resulted in several regulations, both public and private, 
to safeguard that farm animals should not suffer when being kept for the production of food, 
skin, fur, and others (Council Directive 98/58/EC). Most of these regulations have their roots 
in the so-called Five freedoms, which form a framework to safeguard and improve animal 
welfare under human control (FAWC, 1979; 2009). These are freedoms:  

(1) from hunger and thirst
(2) from discomfort
(3) from pain, injury or disease
(4) to express normal behavior and
(5) from fear and distress.

The standards of good animal welfare vary between different contexts, but World 
Organization for Animal Health (2011) state that good animal welfare requires disease 
prevention and veterinary treatment, appropriate shelter, management, nutrition, humane 
handling, and humane slaughter. It may seem obvious that good animal welfare requires that 
the animal is healthy, but the relationship between them is sometimes underestimated 
(Bayvel, 2004; Ladewig, 2008). The freedom from pain, injury or disease were formed to 
prevent and minimize suffering for farm animals, and this is an important aspect of animal 
welfare. Improving animal health for production animals is an essential part of agriculture 
since diseases otherwise cause pain, suffering and even death to a livestock firm’s vital 
resources (Dijkhuizen & Morris, 1997).  

Diseases in livestock have a negative impact on several important aspects of farm animal 
performances. Diseases may cause reduced fertility, increased mortality or lower feed 
efficiency (Chi, VanLeeuwen, Weersink & Keefe, 2002). It affects the producers in several 
different ways and from a microeconomic perspective, diseases represent an undesirable 
contribution in the production process of converting inputs to outputs (Chi et al., 2002; 
Hansson & Lagerkvist, 2012). Diseases thereby lower the producer’s profit margins by 
reducing animal health as well as causing unnecessary suffering to the animals. Livestock 
diseases also cause a need for veterinary treatments and antibiotics and excessive use of 
antibiotics increases the risk of developing resistant bacteria, which is a significant public 
health threat (Appelby et al., 2011; Mevius et al., 2005; Nielsen, 2009).  

In livestock production, there are several species-specific diseases which all affect animal 
health. For dairy production, mastitis represents one aspect of animal health and the disease is 
the most common and costly production disease in dairy herds worldwide (Carlén, Strandberg 
& Rooth, 2004; Halasa et al., 2007). Mastitis causes both suffering for the animal, costs to the 
producer and losses through reduced milk yield (e.g., Hagnestam-Nielsen & Østergaard, 
2009; Hansson & Lagerkvist, 2012; Kossaibati & Esslemont, 1997). Mastitis can be either 
clinical (CM) or subclinical (SCM) and cause significant variation in total losses on farm 
level (Huijps, 2009; Huijps, Lam & Hogeveen, 2008; Lusk & Norwood, 2011; McInerney, 
1996). SCM does not give rise to any visible symptoms but can be recognized as rising of the 
somatic cell count (SCC). SCC is, therefore, often used as an indicator of udder health and 
milk quality (Hardeng & Edge, 2001). To prevent dairy producers from selling milk with high 
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SCC, there are regulatory limits in the European Union on the maximum bulk tank SCC 
(BTSCC) allowed in milk produced for human consumption (Council Directive 92/46/EEC). 
These regulatory limits include penalties and premiums in the milk payment system which 
may have a significant impact on the milk revenue for the producers. Mastitis cost the 
Swedish dairy industry nearly 192 million SEK a year and is also the main reason for 
antibiotic treatments in Swedish livestock production (Nielsen, 2009; Nielsen et al., 2010).  

1.2 Problem 

Reduced animal health due to diseases represents an undesirable contribution to the 
production process. For dairy producers, acute and preventive work on udder health are two 
crucial issues in the dairy industry that producers face in their daily practice of becoming 
profitable. The high incidence of mastitis and the potential costs and losses that are incurred 
contributes to the demand for research on the subject. Mastitis represent one aspect of animal 
health and several studies have been published regarding the effect of mastitis since it reduces 
the efficiency, lowering profit margins, and reducing animal health by causing unnecessary 
suffering for the cow (e.g., Bar et al., 2008; Halasa et al., 2007; Hagnestam-Nielsen & 
Østergaard, 2009; Huijps, Lam & Hogeveen, 2008; Kossaibati & Esslemont, 1997; Seegers et 
al., 2003; Østergaard et al., 2005). There is also a potential food safety risk from bacterial 
toxins and antibiotic residues, issues associated with rising SCC in milk (Hogan, 2005). To 
identify total losses in the dairy industry due to rising SCC and mastitis, different economic 
measures and calculations have been executed in order to demonstrate the problem for the 
dairy producers. These economic measures serve as a foundation for the development of 
strategies for preventive animal health work.  

Previous studies have used several different methods to estimate the effect of reduced animal 
health due to diseases. But only a few studies (e.g., Bennett, 2003; Chi et al., 2002; Yalcin et 
al., 1999; Yalcin, 2000) have used production functions when analyzing the direct effect of 
livestock diseases, as suggested by McInerney (1991, 1996). By not using production 
functions when estimating the effect from diseases, the results may be incorrect and essential 
conclusions may be overlooked. Most of the earlier published literature regarding mastitis 
have used other methods when analyzing data, and the results vary significantly. Estimates 
from, e.g., simulation models were higher than estimates calculated from other methods 
which may question the validity of the analysis methods (e.g., Bar et al., 2008; Hagnestam-
Nielsen & Østergaard, 2009).  

Variation in the results of previous estimates may also be explained by different studies using 
different cost categories in their calculations (e.g., Bennett et al., 1999; Halasa et al., 2007; 
Huijips et al., 2008; Rollin et al., 2015; Schepers & Dijkhuizen, 1991). Other reasons for the 
variation seem to be the origin of data or the definition of mastitis (Nielsen, 2009). The 
variation causes the overall applicability of the results to be limited, which leads to a need for 
a general model to estimate the effect of animal health. This is essential as it becomes difficult 
to replicate the studies when no general models have been designed and used. The 
confirmation of research findings through replication by other researchers is an essential part 
of the scientific methodology, and it can serve as an excellent complement in quality 
assurance of research (e.g., Cumming 2008; Verhagen & Wagenmakers, 2014). Generalized 
estimates of the effect of animal health can both help to analyze the situation, limit the losses 
and estimate the extent of the loss to be avoided, in order to improve the profitability of the 
farm (McInerney, 1991).  
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Furthermore, for Swedish dairy producers, earlier literature regarding estimates of the effect 
of animal health, are based on data samples collected before 2004 and may not be accurate 
today (e.g., Hagnestam-Nielsen et al., 2009; Hagnestam-Nielsen & Østergaard, 2009). 
Although these past studies are highly relevant, much has happened in the last 15 years. Just 
in the previous ten years the number of dairy producers in Sweden has decreased 
significantly, and the remaining producers need to optimize the production and the technical 
efficiency as much as possible (Bergh, 2018; SCB, 2018). The gap in existing literature for 
Swedish dairy producers makes it difficult for the producers to know to what extent they are 
economically affected by reduced animal health. Therefore, updated estimates are needed 
which apply to the Swedish dairy producers, with the purpose of highlighting the economic 
implications of improving animal health by reducing mastitis.   

1.3 Aim and research question 

The purpose of this study was to investigate how animal health affects the production by 
presenting a general model that can be used to estimate the effect of animal health on 
production. In this study, the absence of mastitis will represent animal health, in order to 
provide estimates that can support strategic decision-making and motivate and dimension 
preventive work against poor udder health and mastitis. The study aims to address the 
following research question:  

What is the effect of animal health on the dairy farms production function? 

1.4 Contribution and deliminations 

In relation to previous studies, this study provides a new way of modelling the effect of 
animal health on production. This study contributes to the existing literature by modelling the 
effect of animal health in the production function. By modelling the effect of animal health, it 
concretizes the economic value of improved animal health, and investment in animal health is 
seen as an asset in production. Seeing animal health as a production factor has not been 
previously done. Investments in animal health will, therefore, increase the output level. The 
data used in this study allows for statistical processing instead of stochastic modelling, and 
the results can be generalized.  

The findings can serve as a basis for future research on the effect of animal health. The model 
developed in this study is meant to be used in practice by farmers, veterinarians, and other 
advisors, or form the basis for future research. On the base of the results from this study, 
Swedish dairy producers can become aware of the importance of lowering the BTSCC in 
order to improve animal health and the profitability of the farm.  

This study is written within the field of business administration and will be limited to include 
the sub-fields managerial economics and microeconomics. The data for this study comes from 
Växa Sweden, and this study is therefore limited to only include dairy producers that are 
members of Växa. Dairy farms that are not members of Växa will not be included in the 
analyzes, and the representativeness will be discussed.  
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1.5 Outline  

The disposition for this thesis differs from the standard outline. The entire thesis includes both 
a compilation thesis and an article manuscript which can be found in the appendix.  

The first chapter of the compilation thesis includes an introduction to the topic, problem 
formulation, together with the purpose and contribution of the study. Sections two and three 
include background information regarding mastitis and SCC together with a broad literature 
review. Also, the theoretical framework from which the study is built on is presented in 
chapter three. Chapter four begins with a description of the research methodology that the 
work will follow. After that, the material and selection are presented. The data selection is 
also described in more detail in the article manuscript. Furthermore, the analysis methods are 
presented together with the quality criteria for this study.  

Chapter five consist of the results, which are also presented in more detail in the article 
manuscript. Chapter six includes a discussion on the empirical contribution of this study 
together. The article manuscript also include a proposal for future research as wells as the 
theoretical contribution of this study. Lastly, the conclusions can be found in both chapter 
seven. The references for the compilation thesis can be found under bibliography.  

The article manuscript in the appendix follows a standard structure with an initial 
introduction, followed by the material and methods section. After that, the results are 
presented in depth and discussed. Lastly, the conclusions are presented and the references for 
the article manuscript are at the bottom of the thesis.   

Figur 1. Structure of the thesis 



5 

 2 Empirical background 
The following section involces information about the Swedish dairy industry and the 
conditions for the dairy producers. It also contains a description of biological facts about the 
disease mastitis and the somatic cell counts.  

2.1 Swedish dairy production 

The Swedish dairy industry is considered to be the most valuable sector in Swedish 
agriculture of the products produced for further trading (Bergh, 2018; SCB, 2018). But the 
economic conditions for the producers have been fluctuating, and the industry has undergone 
significant structural changes over the past 30 years. The numbers of producers have fallen 
dramatically between 1987-2017 and almost nine out of ten producers have shut down their 
companies, and the numbers of dairy cows have decreased from 576 000 to 322 000 (Bergh, 
2018; SCB, 2018). Just over the last ten years, numbers of producers have been halved (from 
7000 to 3600), and the economic margins are slim. The remaining producers, therefore, need 
to optimize the production and their efficiency. But on the other hand, the efficiency has 
increased over the same period, and the amount of milk per cow has risen from 6000 kilos/ 
year to 8900. Also, the average herd size has grown over the last ten years from 52 cows to 85 
(Bergh, 2018).  

There are around 60 different dairy processors in Sweden, and 66% of them belongs to Arla 
Foods Sverige (Bergh, 2018). The dairy producers get paid for their outputs (kilo energy 
corrected milk, ECM, delivered), but the kilo price may vary for the producers based on a 
settlement model. The dairy price depends on several factors such as fat and protein content, 
organic milk, expected delivery amount, non-GMO, and for the milk quality (bacteria and 
SCC) (Arla, 2018). The milk quality is essential for the settlement price, and there are 
regulatory limits for both bacterial count and SCC. These regulatory limits include penalties 
and premiums in the milk payment system and originates from the European Union Directive 
92/46 that sets the maximum allowable BTSCC for manufacturing milk at 400 000 cells/ml. 
The pricing system for milk quality is based on measuring the BTSCC, and for producers that 
deliver to Arla Foods it provides premiums/penalties as follows: 

SCC <200 000 = +2% 
SCC 200 001-300 000 = +1% 
SCC 300 001-400 000 = 0 
SCC 401 000-500 000 =-4% 
SCC >500 000 =-10% 
(Arla Foods, 2018).  

2.2 Mastitis 

Mastitis is the most common and costly disease in dairy production as stated in the 
introduction (e.g., Bar et al., 2008; Dijkhuizen 1991; Hagnestam-Nielsen & Østergaard, 2009; 
Halasa, Huijps, Østerås, & Hogeveen, 2007; Hillerton, 1991; Huijps, 2009; Nielsen et al., 
2010; Schepers & Dijkhuizen, 1991). Mastitis is an inflammation in the mammary gland as a 
response to an infection often caused by bacteria, and it is not unusual that up to 40% in a 
herd have mastitis (Nielsen, 2009). Studies show that the frequency of mastitis increases with 
herd size, and for Sweden, Swedish Holstein (SH) is the breed that is primarily affected 
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(Hagnestam-Nielsen & Østergaard, 2009; Halasa, Huijps, Østerås, & Hogeveen, 2007; 
Hillerton, 1991; Huijps, 2009; Nielsen et al., 2010). The consequences of mastitis are on 
several levels: economic loss to the producer, health problems for the cow which reduces 
animal welfare and causes issues with the raw milk quality for the dairy industry (Bennett et 
al., 1999; Carlén, Strandberg & Roth, 2004; Halasa et al., 2009).  

Mastitis can be clinical, CM, with visible signs, or subclinical, SCM, without visible signs, 
but most of the cases are subclinical and more difficult to detect (Bar et al., 2008). For the 
cow, CM can lead to abnormal milk secretion, swollen udder, loss in appetite, fever, rapid 
pulse, and even death (Miller & Dorn, 1990). Mastitis is also the main reason for antibiotic 
use in Swedish livestock production (Bergh, 2018; Hagnestam-Nielsen & Østergaard, 2009). 
Depending on the severity of the disease, it may be a several weeks ban on the sale of milk 
from cows with mastitis (Nielsen et al., 2010). Direct costs of CM are associated with 
veterinary treatment such as diagnostic testing and therapeutics, discarded non-saleable milk 
and increased labor (Bar et al., 2008; Hagnestam-Nielsen and Østergaard, 2009). Indirect 
costs of CM are referred to as hidden costs including reduced milk production, increased risk 
of subsequent disorders, reduced fertility, increased risk of culling and even mortality. 
Reduced milk yield, however, is the most significant indirect cost and estimating the exact 
amount of the loss, varies between studies (e.g., Bar et al., 2008; Hagnestam-Nielsen and 
Østergaard, 2009; Hagnestam-Nielsen et al., 2009; Halasa et al., 2007; Huijps, Lam, and 
Hogeveen, 2008). Because of this, total costs of mastitis may be even higher than estimated 
and vary between regions, countries, and farms (McInerney, 1996).  

The total economic loss caused by mastitis consists of both production losses and higher costs 
compared to a healthy cow. Primarily, there will be lower revenue from lower sales of milk 
per cow and higher costs of herd recovery, i.e., loss by cow culling (Hagnestam-Nielsen et al., 
2009). It will also be additional costs on milk sample analysis, medicine, and veterinary 
treatment together with rising costs for labor (extra care for mastitis cows). Furthermore, there 
is a risk to get fewer calves per year, lower milk price due to lower milk fat and protein, lower 
milk price due to rising SCC and higher costs for insemination. Also, there is also an increase 
in abortions in cows with CM (Santos et al., 2004). Mastitis (both CM and SCM) therefore 
negatively affect the fertility of lactating cows (Schrick et al., 2001).  

2.3 Somatic cell count 

In milk of a healthy mammary gland, SCC is below 50 000 cells/ml and remain constant 
between days during the lactation period, except the first weeks postpartum (Emanuelson & 
Persson, 1984; Miller et al., 1993; Schepers et al., 1997). If there is an inflammation (SCM), 
the cow’s immune system is activated, and this is manifested as an elevation of SCC. 
Furthermore, SCC consists of primarily white blood cells and leukocytes, and they are 
protective mechanisms of the mammary gland (Harmon, 2001; Östensson, 1993). Measuring 
the numbers of SCC in milk is control of the udder health and an indicator of the severity of 
possible mastitis. There is a distinct change of the milk components when SCC exceeds 100 
000 cells/ml, and SCC is, therefore, an essential indicator of milk quality since it includes 
both hygienic, composition, and technological aspects (Hamann, 2002). The level of SCC is 
also important for consumers since poor animal welfare, have a negative externality on food 
production which is an essential aspect for the producers to consider (Ingenbleek & Immink, 
2011; Lusk, Nordwood & Prickett, 2007).  
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SCM, also defined as cows with an increased SCC, cause a significant economic loss to the 
producer because of a decrease in the milk production (Nielsen et al., 2010). Every doubling 
of the SCC above 50 000 cells/ml results in a milk production loss of 0.4-0.6 kilos milk/day 
(Hortet & Seegers, 1998). The producers BTSCC reflects the udder health on the entire 
lactating herd and the pathogen distribution between the herd. In the European Union, there is 
a limit for SCC in raw milk produced for human consumption, stated at ≤ 400 000 cells/ml 
(Council Directive 92/46/EEC). Though, some scientists argue that it should be a 
physiological threshold set already at a level of 100 000 cells/ml (e.g., Hamann, 2009). 
Furthermore, udder diseases such as mastitis and high SCC are the most common cause for 
culling among Swedish dairy cows which is, from an animal welfare perspective, 
unsustainable (Nielsen, 2009). Together with the ethical aspect that excessive use of 
antibiotics may lead to multiresistant bacteria, reducing the frequency of mastitis and high 
SCC are truly important for sustainable dairy production.  

There are several known factors that also affect the SCC, but the most important is the 
infection status of the mammary gland. Furthermore, the cow’s age also affects, and SCC and 
mastitis tend to increase with age and number of lactations if the cow has been previously 
infected (Saloniemi, 1995). The highest SCC can be seen during the summer, due to better 
conditions for bacterial growth throughout the pasture (Emanuelsson & Persson, 1984). There 
are also significant differences in SCC between different dairy breeds, and Swedish Holstein 
(SH) tend to have higher SCC than Swedish Red (SR) (Hagnestam-Nielsen & Østergaard, 
2009; Halasa et al., 2007; Nielsen et al., 2010). Factors like the type of bedding, housing, stall 
maintenance, staff hygiene, and manure handling also affect the SCC (Barkema et al., 1998; 
Reneau, 1985). A good milking technique, well-maintained machines, and dry cow therapy 
can lower the herd BTSCC (Barkema et al., 1998). Lastly, when a cow is exposed to high 
temperatures, often combined with high humidity, she suffers from heat-stress. During heat-
stress cows show reduced feed intake, decreased activity, increase respiratory rate, and 
increase both peripheral blood flow and sweating. This has a significant adverse effect on 
milk production of the lactating cow (West, 2003).  
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 3 Theoretical framework and literature review 
Chapter 3 includes a literature review of earlier published literature on animal health and 
mastitis, together with the theoretical framework from which this study is built on. The 
chapter concludes with a summary of how the theories and concepts will be used in this study. 

3.1 Literature review 

Below is a review of previously published literature regarding the effect of animal health due 
to livestock diseases. A broad literature review has been conducted in which most other 
livestock production areas have been included in order to gain an increased understanding of 
the effects of reduced animal health. For this study, a broader understanding is needed to be 
able to develop the model for animal health.  

3.1.1 Economic aspects of animal health 

It is established that preventive care of farm animal is better and economically justified, 
compared to treating already ill animals (Dehove, Commault, Petitclerc, Teissier & Mace, 
2012). In a review of existing literature, numerous of calculation methods and different 
economic models are used to compare costs and benefits, measure the impact of an animal 
disease in a given country or production sector, perform risk analyses or evaluate the effects 
of disease-control programs. McInerney (1991) suggested that the most accurate method to 
calculate the cost of a livestock disease would be to construct and compare production 
functions of healthy and diseased animals. A production function for animal health would 
have inputs formed by the expenditures on disease control measures and the outputs are the 
resulting benefits decreased the occurrence of the disease (Huijps, 2009; McInerney, Howe & 
Schepers, 1992). But production functions are rarely used in the discipline of animal health 
economics mainly because of lack of data (Bennett, 2003; Chi et al., 2002; Yalcin et al., 
1999). To overcome this, researchers use simulation modelling or decision analysis methods 
instead since they are not as dependent on detailed epidemiological information (Stott et al., 
2003).  

Shulz and Tonsor (2015) analyzed the timeline of porcine epidemic diarrhea virus (PEDV) in 
the United States and the corresponding economic impacts by a budget model approach. The 
model demonstrates a forecast with a 43% decrease in finished pigs sold per female in 2014, 
and the model was utilized to highlight the total cost of productivity losses for the producers. 
Others have used risk-analyses to evaluate the economic impacts of PEDV, or the Paarlberg et 
al. (2008) economic model, which showed that the PEDV outbreak (if 3% annual pig loss), 
caused a decline in national economic welfare with just over $900 million (Paarlberg, 2014). 
Other diseases such as Postpartum Dysgalactia Syndrome (PPDS) and Locomotory Disorders 
harm sow productivity and often results in sow replacement (Niemi et al., 2017). The 
economic losses were estimated by stochastic dynamic models to €300–€470 per affected sow 
for PPDS and €290–€330 per affected sow for locomotory disorders.  

To determine economic losses due to coccidiosis in chickens, Williams (1999) designed a 
compartmentalized model and estimated total costs in the UK in 1995 to have been at least 
GB£38 588 795. Furthermore, several studies have analyzed the economic impact of foot-
and-mouth disease (FMD) outbreaks in cattle by using cost-benefit analysis, bioeconomic 
models and stochastic simulation models (Blake, Sinclair & Sugiyarto, 2003; Rushton, 2009; 
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Schoenbaum & Disney, 2003; Truong et al., 2018). FMD is the most critical livestock disease 
in terms of economic impact, and it causes production losses in both cattle and pig systems 
(Rushton, 2009). Truong et al. (2018) found that vaccination investments were profitable for 
dairy farmers by a cost-benefit analysis. Blake, Sinclair, and Sugiyarto (2003) used a 
computable general equilibrium model for estimating the economic effect in the UK and 
found that FMD outbreak also significantly reduced tourism expenditures, as well as harming 
the agricultural sector. Schoenbaum and Disney (2003) used a stochastic model to simulate 
outbreaks of FMD and estimated the total cost in the US to varying between 260 to 3270 
million dollars depending on the scenario. The total cost in this study was set to be the sum of 
eradication costs, production losses, and the potential loss of export markets.  

Chi, VanLeeuwen, Weersink, and Keefe (2002) used both a partial-budgeting model and an 
incorporated risk and sensitivity analyses to identify the total economic cost of cattle diseases: 
bovine viral diarrhea (BVD) $2421; enzootic bovine leukosis (EBL) $806; Johne’s Disease 
(JD) $2472 and neosporosis $2304. They also used a sensitivity analysis to show how the 
effects on cost were, due to milk yield effects and for a 0 to 5% milk production loss due to 
BVD, the costs were increased by 266%. Furthermore, for dairy cattle, McArt, Nydam and 
Overton (2015) developed a deterministic economic model to estimate the total cost per case 
of hyperketonemia (HYK) which were estimated at an average $289. Economic impacts from 
other diseases such as porcine reproductive and respiratory syndrome virus (PRRSV) have 
been studies by 2-step approach, case studies and enterprise budget models. Neumann et al. 
(2005) estimated that PRRSV causes approximately $560.32 million in losses each year for 
US swine producers. Holtkamp et al. (2013) estimated the annual economic impact of PRRSV 
on the US swine industry using an enterprise budgeting. The total yearly cost was $664 
million, and losses in the breeding herd accounted for up to 45% of the total cost.  

3.1.2 Economic aspects of mastitis 

Several studies have examined the economic impact of mastitis, and there has been 
considerable variation in the size of the economic losses (e.g., Halasa et al. 2007; Schepers & 
Dijkhuizen, 1991). In Huijps et al. (2008) the economic losses caused by SCM were between 
€53 to €120 per cow depending on the level of BTSCC. The total economic loss was 
€182/cow and on-farm level up to €11 808 per year. Furthermore, the main component of 
economic loss caused by CM is reduced milk and that the production loss due to SCM is 
estimated to be even higher than for CM (Degraves & Fetrow, 1993; Kossaibati & Esslemont, 
1997; Seegers et al., 2003). Østergaard et al. (2005) estimated total yield loss at 392kg ECM 
per case of CM meanwhile other studies show that production losses due to mastitis varied 
between 247 kilos to 450 kilo depending on the severity of the case (Kossaibati & Esselmont, 
1997). Yalcin (2000) argues that SCM cases are responsible for a more significant proportion 
of the economic loss caused by mastitis. In Hagnestam-Nielsen and Østergaard (2009) cost 
per case of CM was estimated at €278 and in Rollin et al. (2015), the average case of CM 
resulted in a total economic cost of $444, including $128 indirect costs and $316 direct costs.  

Studies also show that mastitis causes the Swedish dairy producers an annual loss of 192 
million SEK and for the US nearly 2 billion dollars (Hagnestam-Nielsen et al., 2009; Jones & 
Bailey, 2009). The economic effect can be divided into three categories: reduced incomes, 
cost of treatment and early culling (Bennett et al., 1999). For subclinical mastitis, the cost per 
case is less well documented with an average between 60€ and 278€ (Huijps et al., 2008; 
Kossaibati & Esslemont, 1997; Kvapilík et al., 2015; Yalcin, 2000). To calculate yield losses 
and costs, many variations of linear regression and stochastic simulations have been used 
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(e.g., Bar et al., 2008; Bennett et al., 1999; Hagnestam-Nielsen and Østergaard, 2009; 
Nielsen, 2009). Only a few studies have calculated all costs categories including; costs of 
production loss, drugs, labor, culling, veterinary, discarded milk, and milk quality (SCC), 
which are needed for correct and adequate economic calculations (Gill et al., 1990; Halasa et 
al., 2007; Huijips et al., 2008; Rollin et al., 2015; Schepers & Dijkhuizen, 1991). The most 
common method used to estimate costs of mastitis is dynamic stochastic simulation model, 
and most of the researchers are from the field of veterinary science, biology, epidemiology, 
genetics, and a few within the agricultural economics. Estimates from simulations were higher 
than estimates calculated from other methods (e.g., Bar et al., 2008; Hagnestam-Nielsen & 
Østergaard, 2009). 

3.2 Theoretical framework 

The theoretical framework of this study originates from traditional microeconomic theories 
and managerial economics. Managerial economics deals with the application of economic 
theories, concepts, tools, and methodologies in order to solve practical problems in business 
(Allen et al., 2013). The overall purpose of managerial economics is to help the manager in 
decision making and it acts as a link between practice and theory. Thereby, managerial 
economics assist the companies in the work of achieving their strategic objectives (Pindyck & 
Rubinfeld, 2009). Lastly, the study is also based on theories regarding animal health 
economics.  

3.2.1 Production economics 

The underlying assumption for any business is to maximize the utility by profit maximization, 
and the major challenge is for any firm manager to allocate its resources in order to generate a 
profit (Allen et al., 2013). Profit is the surplus remaining when a firm’s total costs are 
subtracted from its total revenue, and maximum profit has two different dimensions; revenue 
maximization or cost minimization. Profit maximization occurs when a firm find the level of 
output (production level) where the slope of the profit function is zero, i.e., where the 
difference (gap) between total revenue (TR) and total cost (TC) is as big as possible (Allen et 
al., 2013). Profit maximization also occurs at the point when marginal cost (MC) is equal to 
marginal revenue (MR), and the point is located somewhere below the maximum output. 
Hence, producing interminably is not necessarily the most profitable solution (Pindyck & 
Rubinfeld, 2009).  

Understanding the production process, and knowing how to control firm costs, are two key 
issues in the direction for a firm to become profitable. At the most fundamental level, firms 
must be as efficient as possible when transforming their scarce resources (inputs) into outputs, 
but efficiency requires knowledge of the production process (Allen et al., 2013). Firm inputs 
are known as production factors and include anything that the firm needs for its production 
process (Pindyck & Rubinfeld, 2009). Usually, the inputs are categorized into three groups: 
labor, material, and capital. Labor inputs include workers (both skilled, unskilled and firm 
managers), materials include goods and raw material, bought and transformed into final 
products, and capital include land, machinery, equipment, buildings, and inventories. There is 
a variety of ways for firms to turn their inputs into outputs, which can be expressed by a 
production function. The production function describes the technical relationships 
transforming inputs into output (Allen et al., 2013). Each firm has a unique production 
function, and it applies to certain available technology (Pindyck & Rubinfeld, 2009). The 
general expression for the production function is (1): 
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Q= f(X1, X2,…Xn) (1) 
Where Q is the level of output produced and X1, X2,…Xn are the inputs needed. Inputs can be 
fixed or variable, though, in the long run, all inputs are said to be variable (Pindyck & 
Rubinfeld, 2009). Fixed inputs are usually buildings, land, machinery, while variable inputs 
are altering in volume when facing a shift in market conditions (Allen et al., 2013). If there is 
a disturbance in the production process, it may lower the amount of output, by increasing the 
inputs needed or reducing the efficiency of the inputs. This will cause a downward shift in the 
production function due to a reduction in output for a given input level associated with the 
disturbance (Allen et al., 2013). Managers study the production function in order to gain 
insight into the firm’s cost structure.  

If total output remains fixed due to capacity constraints (in the short run) and the revenue 
streams remain fixed (e.g., prices cannot be changed on its own, due to a competitive market), 
the only way to maximize profit is for the firm to minimize its costs (Pindyck & Rubinfeld, 
2009). A firm’s costs include several items distinguished between controllable and those who 
cannot be controlled (Allen et al., 2013). Together with the firm’s production costs, they 
determine the economic cost of production.  

Many times, extensive investments are required for the company to manage different changes. 
Investments are also made to improve the company's chances for survival (Allen et al., 2013). 
Strategic investments are a sacrifice of immediate consumption with the aim of strengthening 
the company by increasing future revenues as a result of the investment. There is not unusual 
that companies make investments to try to reduce their costs in the long term and thus 
increase the company's profitability (Pindyck & Rubinfeld, 2009). By replacing existing 
resources with new ones, or expanding the company's capacity and becoming more efficient, 
the company can achieve higher profitability.  

3.2.2 Animal health economics 

Animal health economics is defined by Dijkhuzien (1992) 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. The research field primarily deals with 
quantifying economic effects of animal diseases, develop methods for optimizing decisions, 
and determining the profitability of disease control/health management programs (Dijkhuzien, 
1992). Prevention of production animal diseases has become a key element in the 
development of competitive livestock production systems (Bennett, 2003; Schwabenbauer, 
2012). The same applies to control the costs of farm livestock production and to improve 
animal health and fertility, which also may be crucial to becoming profitable in modern 
farming (Bennett, 2003; McInerney, 1996).   

Diseases in livestock affect the production in different ways, but the common denominator is 
that diseases reduces the efficiency and decrease the productivity (McInerney, Howe & 
Schepers, 1992). On the input level, diseases destroy the necessary resources of the 
production, e.g., mortality of livestock and lowering the efficiency of the production process 
by reduced feed conversation. Diseases may alter feed intake, which will most likely be 
reduced which harms the animal and the production (Bennett, 2003). It may affect the nutrient 
metabolism, respiration or excretion, which all can be costly for the producer and deadly for 
the animal. At output level, diseases may reduce the amount of output, e.g., lower milk yield, 
fewer eggs produced, fewer piglets and others. Diseases can also harm the quality of the 
product, e.g., lower fat content in milk, poor hides because of parasites, and so on (Bennett, 
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2003). Furthermore, diseases can change the value of animals and products from slaughtered 
animals, reduce weight gain, fertility, capacity for work and so on. Lastly, some diseases may 
harm human well-being through zoonoses (McInerney, 1996).    

As a result of diseases, losses arise for the producers. Calculating financial losses due to 
diseases help to analyze the situation, limit the loss as much as possible and estimate the 
extent of the loss to be avoided (Dijkhuzien & Morris, 1997). The total loss also affects the 
market at different economic levels. It affects the farm (individual producer) as explained 
above, but also the sector (joint livestock farmers) which face a loss if the market price does 
not adjust itself. It also affects the processing industry with services and trade, the consumer 
due to higher prices and lower product quality, and the national economy due to inefficient 
use of resources (Dijkhuzien, 1992; McInerney, 1996). Due to diseases, additional resources 
are required that could have been employed otherwise, such as labor and imported feedstuff 
(Dijkhuzien, 1992). Losses caused by livestock diseases can be categorized into two 
significant groups: direct and indirect. Direct losses are usually at input level with visible 
losses such as deaths or abortion. Or invisible losses when diseases reduce the efficiency of 
the production process through reduced fertility, reduced feed conversion, and at an output 
level with lowered milk yield, and reduced milk quality due to mastitis for example (Chi et 
al., 2002). Diseases also cause indirect losses through additional costs, e.g., veterinary 
treatment, drugs, vaccines, quarantine, or to treat ill cases. It also includes sub-optimal 
exploitation of otherwise available resources, e.g., revenue is forgone, denied access to the 
better market, or use of suboptimal production technology (Rushton, 2009).  

The total economic cost (C) of a disease is the sum of the production losses (L) (both indirect 
and direct), and eventual control expenditures (E), which are the extra input needed to limit 
losses, and it will differ between production system, disease, region, and country (Dijkhuzien, 
1992; McInerney, Howe & Schepers, 1992). There is a substitution relationship between total 
loss and control expenditures and, for example, higher treatment and prevention expenditures 
result in lower losses (McInerney, 1996). The relationship is also likely to be non-linear and 
some combinations of L and E sum to a lower C, than others. The curve is assumed to slope 
downwards with a diminishing return to expenditures; for each dollar spent on expenditures, 
additional return in reduced losses becomes gradually reduced. By finding the optimal 
combination of these two components (e.g., try to reduce disease costs to a minimum), it is 
possible to minimize the total economic cost for the disease (Bennett, 1992).  

3.3 Theoretical summary 

In order to develop a model for estimating the effect of animal health on production, the 
above-presented literature, and theoretical framework will be used as a basis. The theoretical 
framework applied in this study clarifies the importance for firms to understand the 
production process. At the most fundamental level, firms must be as efficient as possible 
when transforming their inputs into outputs (Allen et al., 2013). The production function 
describes the technical relationships converting inputs into an output, and if there is a 
disturbance in the process, efficiency will most likely be reduced (Pindyck & Rubinfeld, 
2009).  

For agricultural producers, several inputs are required in order to produce an output, such as 
milk. For dairy producers, most of the revenue comes from sold milk, and the costs are both 
controllable and not. Buildings, machinery, and land are often referred to as fixed inputs, and 
these will not be changed over the analysis period (e.g., McInerney, 1991; McInerney, Howe 
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& Schepers, 1992). The number of dairy cows, amount of feed, labor, and veterinary care are 
variable inputs and vary with the quantity level produced but can be controlled. There are also 
random factors that cannot be influenced by the producer, such as market price and the 
weather. These inputs can be expressed as random constant variables (Djurfeldt & Barmark, 
2009).  When animal health is reduced, as a result of, e.g., mastitis, there will be a disturbance 
in the production function which prevents outputs from being produced at an average level 
(Dijkhuzien & Morris, 1997; McInerney, 1991). This may lower output by increasing the 
mortality rate (reducing the size of the herd), or by reducing the efficiency of the inputs 
(labor, feed). This is apparent by a decrease in output (milk yield) and causes an economic 
loss. All of these aspects minimize the economic outcome for the producers. 

By combining microeconomic theories with animal health economics, an increased 
understanding of the importance of the diseases in livestock is formed. The combination of 
theories that is done in this study illustrates how reduced animal health due to diseases 
destroy the producer’s production factors and cause a disturbance in the production process. 
By applying the theories above, the effect of animal health on production can be investigated. 
The theories, together with the collected data, will be analyzed in order to fulfill the study’s 
purpose. 
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 4 Method
Chapter four begins with a description of the research methodology that this work will follow. 
Thereafter, the material and selection are presented. Lastly, the method of analysis is 
described.  

4.1 Methodology 

The purpose of this study was to investigate how animal health affects the production by 
presenting a general model that can be used to estimate the effect of animal health on 
production. This study will, therefore, follow a quantitative research methodology with a 
deductive theory approach. A quantitative methodology was chosen because it enables the 
measurement of different phenomena, numerical data analysis and emphasis on quantification 
(Bryman & Bell, 2015). The methodology also allows the researcher to draw generalized 
conclusions for an entire population using a selected data sample. The importance of the data 
sample is therefore substantial. Bennett (2003) states that estimates of economic effects due to 
animal diseases are only as good as the data upon which they are based on, which requires 
that data collection and analyses will be completed with high precision.  

Quantitative methodology is also more structured, compared to qualitative methodology 
(Bryman & Bell, 2015). This enables scientific replication, where a study can be performed 
several times (with a different sample, different populations and perhaps similar, but not 
identical model) and the same results will be obtained (Christensen & Miguel, 2018; 
Hamermesh, 2007). The confirmation of research findings through replication by other 
researchers is an essential part of the scientific methodology, and replication can serve as an 
excellent complement in quality assurance of research (Bryman & Bell, 2015). The risk of 
dropout or sample errors are crucial factors and could be seen as limitations for quantitative 
methodology. Dropout is a crucial factor in research because greater loss results in increased 
risk of error and skew (Bryman & Bell, 2015). Other limitations may be that the conclusions 
must be taken based on the sample made for a particular area/country and this area are not 
necessarily exactly like the target area (Baxter, 2008). Therefore, generalized observations 
can be hard to achieve.   

The ontological assumptions for this study are based in the objectivism. Objectivism 
emphasizes that social actors can, by using their senses, become aware of an objective reality 
where knowledge is believed to be proven by measurements of various kinds (Bryman & 
Bell, 2015). The epistemological assumptions are based on what is considered valid 
knowledge of the social reality. It is sometimes called knowledge theory because it is the 
doctrine about what one can know and how knowledge can be reached (Bryman & Bell, 
2015). For this study, the epistemological assumptions are based on the belief of positivism. 
Positivism is an approach that often applies methods of natural science to study social reality 
(Bryman & Bell, 2015). The purpose of theory is to generate hypotheses that can be tested, 
and hence the deductive research approach is used. Another important principle for the 
positivism is that science must, and can, be carried out in a way that is value-free, and the 
researcher should be as objective as possible (Bryman & Bell, 2015).  
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4.2 Material and selection 

The data used in this study was provided from Växa Sverige databases. The data consisted of 
compiling information from 99 Swedish dairy producers and included both biological facts 
about the dairy cows on each farm, such as breeds, numbers, somatic cell count, and output 
produced. Data also consisted of economic outcomes for the dairy producers for 2017. The 
data were obtained from different sources; i) individual farmers, ii) production animal 
associations, iii) veterinarians, iv) slaughter companies, and v) a milk laboratory. Sweden has 
currently 3600 dairy producers, and 2557 are members of Växa Sverige (Bergh, 2018; Växa, 
2018). The average farm among Växa Sveriges members has 89.1 dairy cows and producing 
10175 kilos ECM with a geometric mean of all herds SCC at 188, compared to the average 
farm in the sample which has 124.7 cows and producing 10441 kilos energy corrected milk 
(ECM)/cow and year (see Table 1 in the appendix). The data sample and the variables used in 
the analysis are further explained in the article manuscript that can be found in the appendix.  

The new EU General Data Protection Regulation (GDPR) limited the selection size since the 
new regulation demand permission for businesses to store personal data (EU 2016/679). The 
regulation came into force on May 25th, 2018 and aimed to protect all EU citizens from 
privacy and data breaches. The GDPR have an impact on businesses as it impacts all 
companies processing personal data on customers, staff, and others. After May 28th 
companies are forced to have consent from each private person in order to process personal 
data, the consent must be given in an understandable and easily accessible form, and it also 
must be as easy to withdraw consent from, as it is to give. For Växa Sverige, GDPR meant 
that each farmer needed to give consent to store their data and to match the datasets (farm 
accounting data and biological data).  

The individual farmers have been completely anonymous to the researcher which reduces the 
risk of damaging the privacy of respondents. This is a fundamental ethical prerequisite for 
business research (Bryman & Bell, 2015). The researcher also remains separated from the 
subject (person being interviewed) and therefore, remains objective when conducting the 
research. This is valuable because humans tend to affect each other, and the so-called 
interviewing effect can occur (Baxter, 2008). Interviewing effect means that the researcher 
has asked the question in such a way that the respondents’ responses have been affected and 
this can generate systematic errors to the result (Bryman & Bell, 2015).  

Using secondary data means reduced time and cost of data retrieval and more time left for 
analyses (Bryman & Bell, 2015). Also, secondary data often has higher quality, as the sample 
usually represents the overall population well. However, the use of secondary data can also 
reduce control over the choice of questions, selection of respondents, and not getting familiar 
with the material in the same way as if I had formulated the questions myself. Not having 
control over the data collection may also affect the sample’s representativeness and thus the 
generalizability (Bryman & Bell, 2015).  

4.3 Modelling animal health 

Knowing the consequences of elevated BTSCC and mastitis, farmers are considered actively 
working with preventive measures. These measures can be seen as direct investments in 
animal health. Similar to how firms make certain investment decisions to benefit from the 
productive capacity of for example labor or capital, I assume that farmers make decisions to 
benefit from the investment in animal health. From an economic perspective, animal health 
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could be seen as a production factor just as labor or capital, all of which are crucial for a 
company to be able to produce an output. Investments in animal health will, therefore, 
increase the output level. Rising BTSCC is equated with reduced animal health and will in 
this study be set as a proxy variable. To design the animal health variable, the data for 
BTSCC was transformed into its inverse value to illustrate that the producer has invested in 
animal health. The inverse value indicates low BTSCC, and this was equated with improved 
animal health and set as a proxy variable. The effect of BTSCC can be represented by the 
following production function:  

Y=f (A, B, TC, C, L, n, 1/SCC) (2) 
Where Y represent the level of output, milk kilos ECM/year, A is the constant, B represents 
the breed, TC is total costs, C is concentrates, L stands for labor, n is numbers of cows and 
1/SCC is the inverse value of the BTSCC. The model is further described in the article 
manuscript found in the appendix.  

4.4 Empirical models 

Data has been analyzed using the Statistical Package for the Social Science (SPSS) version 24 
and with STATA software. The following sections describe the analytical methods. Based on 
the literature review and the theoretical framework, a production function will be used to 
investigate how animal health affects the production. The two models presented below are 
frequently used in economic research to estimate production functions. The first model, Cobb-
Douglas, is slightly less complexed compared to the translog model. In order to determine 
which model is most suitable, Wald’s test were used, so that the most accurate model is 
chosen.   

4.4.1 Estimation of production function: Cobb-Douglas 

The Cobb-Douglas production function is a widely used model to demonstrate the 
technological relationship between two or more input factors and the amount of output that 
can be produced the given inputs (Cobb & Douglas, 1928; Pindyck & Rubinfeld, 2009). The 
function is especially notable for being the first time an economy-wide production function 
had been developed, estimated, and presented to the profession for analysis (Mishra, 2010). 
The most basic expression of the function is:  

Y=AX1
α1X2

 α2…Xn
αn (3) 

Where Y represent (aggregate) output, A is a positive constant, X1, X2…Xn are input 
variables. Separately, α1, α2…αn is the partial output elasticities which measure the 
percentage change of output due to a change in levels of either inputs used in production. 
Added together, the partial elasticities form the total output elasticity. These values are 
determined by available technology. The output elasticities are also assumed to be positive 
constants since all inputs have positive prices (Charnes, Cooper & Schinnar, 1976).  

Despite its simplicity, the Cobb-Douglas feature has proven to be quite consistent with 
estimating the actual relationship between output and input. This, together with high validity 
has contributed to the continued popularity (Kleyn et al., 2017; Mishra, 2010). The Cobb-
Douglas function has several restrictions such as; all inputs are essential for production, and 
no output can be produced without using at least some of each input. There is also elasticity of 
substitution between the input variables, but only to a certain extent (Green, 2012). 
Furthermore, the marginal product of each input is positive which mean that there is a 
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diminishing marginal return to the inputs, and when the marginal product of input increases 
with increased use of the other input (Kleyn et al., 2017). The function was, however, not 
developed based on any knowledge of engineering, technology or management of the 
production process, and it has been criticized for its lack of foundation (Mishra, 2010). 
Despite this, the function has advantageous mathematical properties and can provide a 
relatively accurate description of the economy. The function is often used for the fact that it is 
linear in the parameters and ordinary least square (OLS) can be used to estimate the variables 
(Green, 2012). By taking the natural logarithms on both sides of the equation, Cobb–Douglas 
function form can be estimated as a linear relationship using the following expression:  

ln(Y)=ln(A)+ α1ln(X1)+ α2ln(X2)+ …αnln(Xn) (4) 

4.4.2 Estimation of production function: Transcendental logarithmic 

The transcendental logarithmic production function, also called translog function, was 
proposed by Christensen, Jorgenson, and Lau (1971, 1973). The translog function is an 
attractive, flexible function with both linear and quadratic terms and the ability to use more 
than two-factor inputs (Christensen et al., 1973). The two-input translog production function 
can be written in terms of logarithms as follows equation (5) and re-written as equation (6):  

ln(Y)=ln(A)+ α1ln(X1)+ α2ln(X2)+ χln2(X1/X2) (5) 

ln(Y)=ln(A)+ α1ln(X1)+ α2ln(X2)+ α11ln(X1)ln(X1)+ α22ln(X2)ln(X2)+ α12ln(X1)ln(X2) (6) 
The translog function is usually the preferred choice for most researchers due to the presence 
of quadratic terms which allows for nonlinear relationships between the output and inputs and 
due to its flexibility compared to other forms. Another important feature that characterizes a 
translog function is that it has no restrictions on substitution elasticity between production 
factors and is, therefore, more flexible and less restrictive than the Cobb-Douglas 
(Christensen et al., 1973). Cobb-Douglas is, in general, a specific case of the translog function 
imposing additivity and homogeneity by restrictions. The interaction variables in the translog 
function consist of both first derivate, second own-derivate, and second cross-derivate. If the 
interaction variables were significantly adding something to the model, they need to be 
included, otherwise, they should be removed (Djurfeldt & Barmark, 2009). If the variables do 
not contribute significantly, the more basic Cobb-Douglas function should be used instead. 

4.4.3 Regression analysis 

The logarithmic mathematical form with both translog and Cobb-Douglas functions entails 
that they can be relatively easily predicted using a regression analysis estimated with ordinary 
least square, OLS (Djurfeldt, Larsson & Stjärnhagen, 2010). The purpose of a regression 
analysis is to find out how certain independent variables affect a specific dependent variable 
(Djurfeldt & Barmark, 2009). The analysis also shows how much of the variation in the 
dependent variable that can be explained by the independent variable. An OLS analysis 
requires that the dependent variable is quantitative while the independent variables can be 
both quantitative and binary, so called-dummy variables. The basic model follows:  

y=α+ β1x1+…+ βnxn+ u (7) 
Where: y is the dependent variable, α is the constant, β is a regression coefficient, x is the 
independent variable, and u is the residual. The residual has an interesting interpretation and 
should not be taken as a measurement error. The residual must be constant and normal 
distributed in order to execute the regression analysis (Djurfeldt, Larsson & Stjärnhagen, 
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2010). Secondly, the residual consists of the sum of the observed, un-observed and causal 
factors (including any measurement errors) that determine the dependent variables, and which 
have not been included among the independent variables. Because of this, the residual 
consists of more than just statistical noise and even if the measurement errors are equal to 
zero, the residual can be greater than zero (Djurfeldt & Barmark, 2009).  

To evaluate the results of the regression analysis, several values are studied which indicates 
how well the estimated values describe the data set. The R2-value (explanation rate) is 
between 0 to 1 and illustrates how well the variation in the dependent variable can be 
explained by the variation in the independent variables (Djurfeldt, Larsson & Stjärnhagen, 
2010). The P-value show how significant the variables are, and the probability that the result 
is random, and the risk of error is reduced. Significance levels are usually divided into three 
levels, 1%, 5% and 10%. The coefficients of the independent variables show how much they 
affect the dependent variable and can be both negative and positive. Furthermore, the results 
also show the standard error which measures how accurate the estimate of the dependent 
variable is (Djurfeldt & Barmark, 2009).  

There are mainly four problems and sources of error that can happen when calculating a 
regression analysis: miss-specified models, uneven distribution (heteroscedasticity), co-
variation between independent variables (multicollinearity) and a non-normal distributed 
residual (Djurfeldt, Larsson & Stjärnhagen, 2010). Multicollinearity is a problem that occurs 
when two or more independent variables correlate to each other to a greater extent than the 
dependent variable (Djurfeldt & Barmark, 2009). This causes the regression coefficients to be 
incorrectly estimated in the model. If strong multicollinearity exists, the affected variables 
should be excluded from the analysis. Heteroskedasticity means that the variance in the 
residual (error term) is not constant, which is that the spread is uneven. This can lead to a 
misstatement of the significance level and misinterpretation of the result (Djurfeldt, Larsson 
& Stjärnhagen, 2010). Lastly, deviation from the precondition that the residual must be 
normally distributed indicate that there is, in fact, a correlation between u and x or y. This 
means that a causal factor that affects y has not been included in the model and this is called a 
specification-error (Djurfeldt & Barmark, 2009).  

4.4.4 Hypothesis test 

In order to test if the increased complexity with the translog function is necessary, or if the 
simplicity of Cobb-Douglas is more accurate, Wald test was performed and the null 
hypothesis (H0) was tested against the alternative (H1). Rejection of the H0 signifies that the 
translog function is the appropriate model, while failure to reject the null hypothesis implies 
that the Cobb-Douglas function is appropriate. The Wald test (also called Wald-Chi-Squared 
Test) can be used to test if explanatory variables in a model are significant or not, meaning 
they add something to the model (Gregory & Veall, 1984). If Wald test shows that the 
parameters for the variables are zero, it suggests that the variables can be removed without 
harming the model and H0 is accepted (Djurfeldt & Barmark, 2009).  

4.5 Quality criteria for quantitative research 

To achieve quality in quantitative research, there are several research criteria that must be 
met. If these criteria are not fulfilled, the results and the credibility of the study may be 
questioned. 
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4.5.1 Reliability 

Reliability is a quality measure that concerns questions about the trustworthiness, consistency, 
and steadiness of measurements, i.e., whether results be the same if the survey is repeated 
(Bryman & Bell, 2015). Reliability also depends on the trustworthiness of the used data 
sources. Stability is essential to assure reliability and researchers must ask the question: have 
the results been stable over time. Data for this study is collected from sources which are 
considered to be accurate and reliable, and all variables are tested for heteroscedasticity and 
multicollinearity to avoid incorrect correlations and wrongful conclusions. The literature on 
which this study is based on consists of published articles from scientific journals and 
business administration course literature, which is sufficiently trustworthy and reliable to use 
for this study.  

4.5.2 Validity 

One of the most essential quality criteria is validity which concerns whether designed 
indicators measure what is expected to be measured, i.e., if the use of the invSCC variable 
measures animal health for dairy cows. Validity is also about the relevance of collected data 
for the given problem and the measuring instruments ability to measure what it intends to 
measure (Bryman & Bell, 2015). In order for the study to be as valid as possible, it is essential 
to use the correct measurement methods and measure what it intends to measure. 
Accordingly, in order for data to valid, the data collecting process needs to be performed 
correctly and the data need to be entered correctly in SPSS or STATA. Good secondary 
sources and source criticism may increase validity. There are different types of validity; 
internal validity which occurs if the conclusions are credible and are bound to the moment 
when the study was conducted (Bryman & Bell, 2015). The internal validity can be increased 
if all external factors that may affect the study are reduced, which in most cases are 
impossible. There is also construct validity which means that the concepts used when 
conducting the study are well defined. In this type of validity, the agreement is required on the 
operationalized forms of a construct and clarifying what we mean when we use the construct 
(Cohen, Manion & Morrison, 2011). Lastly, there is external validity, also called 
generalizability or transferability, which refers to what degree the results can be generalized 
or transferred to other contexts or settings (Bryman & Bell, 2015). With other words; 
transferability shows if the findings have applicability in another context. The quantitative 
methodology aims to draw generalized conclusions for an entire population by means of a 
selection, therefore, compliance of this criteria is crucial for the credibility of the study.    

4.5.3 Replicability 

The confirmation of research findings through replication by other researchers is an essential 
part of the scientific methodology, and it can serve as an excellent complement in quality 
assurance of research (Bryman & Bell, 2015). Replication studies are a natural way to ensure 
the reliability and validity of earlier results and a quantitative study should be able to be 
performed several times with the same results. Replication is also a way to minimize the 
impact that the researcher’s skepticism and lack of objectivity contribute to (Cumming 2008; 
Verhagen & Wagenmakers, 2014). If the replication is not possible, or the results from a 
replication study differs from the original results, the validity should be questioned.  
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 5 Results 
As stated in 4.4, in order to determine the production function, two different models were 
chosen. The results in Table 1 illustrate a summary of the findings from the different models. 
The variables used in the analyzes are explained in detail in the appendix. Model 1 and Model 
2 are two different Cobb-Douglas production functions. The difference between Model 1 and 
2 is the control variable (partSH). The control variable did contribute significantly to the 
model and needed to be included. Model 3 is the translog production function. The results 
from the Wald’s test showed that the interacting variables in the translog function did not 
significantly adding anything to the model, and could, therefore, be removed, indicating 
Cobb-Douglas is the appropriate model. However, the control variable did contribute and 
consequently needed to be included in the final Cobb-Douglas model (Model 2). Further 
explanations of the results and the variables are found in the article manuscript.  

Table 1. Summary results of the regression models. 

Variables Model 1. Model 2. Model 3. 
lnTC -0.103** -0.082** -0.1.33
lnn -0.027* 0.023 -1.057
lninvSCC 0.108** 0.100** -0.420
partSH 0.112*** 0.118***
lnTC x lnTC 0.099
lnn x lnn 0.001
lninvSCC x lninvSCC 0.045
lnTC x lnn 0.185*
lnTC x lninvSCC 0.152
lnn x lninvSCC -0.015
Constant  10.368*** 10.162*** 15.148 
R-sq. 0.167 0.307 0.339 
***Statistically significant at 1%. **Statistically significant at 5%. *Statistically significant at 10% 
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 6 Discussion 
In this chapter, the results and the quality criteria for this study are discussed. Furthermore, 
the study's empirical contribution to the Swedish dairy industry is presented. Further 
discussion about the results as well as suggestions for future studies can be found in the article 
manuscript.   

6.1 Result discussion 

In this study, I investigated how animal health affects the production by presenting a general 
model that can be used to estimate the effect of animal health on production. The theoretical 
framework adopted in this study was based on the fundamental assumption that any business 
strives to maximize their utility, therefore, controlling the costs and maintaining the efficiency 
are crucial factors to become profitable in modern farming. It is in the production process that 
companies create their values and any type of disturbance in this process may lower the 
amount of output, by increasing the inputs needed or reducing the efficiency of the inputs 
(Pindyck & Rubinfeld, 2009). In accordance with, e.g., Bennett (2003), McInerney (1996) and 
Dijkhuzien (1992), reduced animal health due to diseases such as elevated SCC were in this 
study considered to cause a disturbance in the production function, which prevents outputs 
from being produced at an average level. 

As stated in chapter two, the Swedish dairy industry has undergone significant structural 
changes over the last three decades, and remaining producers need to optimize their 
production and their technical efficiency in order to survive. However, the Swedish dairy 
industry is considered to be the most valuable sector in Swedish agriculture of the products 
produced for further trading (Bergh, 2018; SCB, 2018). This illustrates the value of remaining 
producers surviving in the long run. Bennett (2003) argues that the prevention of animal 
diseases and improving animal health may be critical elements in the development of 
competitive livestock production systems, I could not agree more. Mastitis costs the Swedish 
dairy industry nearly 192 million SEK a year and is also the main reason for antibiotic 
treatments in Swedish livestock production, which illustrates the severity of the disease 
(Nielsen et al., 2010). Mastitis also results in economic losses to the producers, reduced 
animal health for the cow and causes problems with the raw milk quality for the dairy 
processor (Bennett et al., 1999; Carlén, Strandberg & Roth, 2004; Halasa et al., 2009). 
Overall, reduced animal health due to elevated BTSCC and mastitis affects all the actors on 
the food chain for dairy products. For an industry that is already exposed to competition and 
slim economic margins, acute and preventive work on udder health becomes essential issues 
that the producers face in their daily practice of becoming profitable. Results from previous 
studies also show that there is a growing concern within the society for animal health which 
should not be ignored (e.g., D’Silva, 2009; Hansson & Lagerkvist, 2012; Lagerkvist, 
Hansson, Hess & Hoffman, 2011; Lusk, Nordwood & Prickett, 2007).  

For this study, I assumed that a farmer who knows that mastitis causes production 
inefficiencies, additional costs, and suffering to the cow, can be motivated to act in the 
prevention of mastitis, even if the BTSCC is not close to a possible penalty level. Based on 
this assumption, I proposed a model which considered that farmers manage their mastitis 
preventive strategies as investments in animal health. The investment is seen as an asset in 
production and modelled as a production input variable. Similar to how firms make certain 
investment decisions to benefit from the productive capacity of labor, machinery, buildings et 
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cetera, I assumed that farmers make decisions to benefit from the investment in animal health 
by reducing the BTSCC and mastitis.  

Improving animal health for dairy cows will lead to a higher milk yield per producer which is 
equal to more milk in the food chain, less milk sorted out due to ban on the sale of milk from 
cows with mastitis (which lower the proportion of emission/ kilo milk produced), and reduced 
use of antibiotics which is highly relevant today. It may also generate milk with better quality 
which enables dairy product development. For the producers, the economic implications of 
improved animal health by reducing mastitis will lead to lower costs for sick cows, less labor 
spent on sick cows, higher profit margins, and hopefully, more dairy producers or at least not 
fewer. For the cows, improved animal health could mean a longer life expectancy since 
mastitis and high SCC are the most common cause for culling among Swedish dairy cows 
(Nielsen, 2009). Also, healthier cows have a value for the food sector since poor animal 
welfare, have a negative externality on food production, and this is an essential aspect for the 
producers to consider (Ingenbleek & Immink, 2011; Lusk, Nordwood & Prickett, 2007). 
Overall, healthier cows will help develop a more sustainable and stronger Swedish dairy 
sector.  

To my knowledge, this is the first time that investments in animal health have been seen as an 
individual production factor, which makes the analysis unique. From the production function 
it is possible to estimate how inputs can be distributed to maximize output, and since all 
companies are expected to strive for profit maximization, companies are expected to 
streamline production as far as possible (Allen et al., 2013). Each dairy farm has a unique 
production function, which applies to the available technology, and the results of this study 
provide estimated coefficients for the input variables. Based on the concept presented in the 
theoretical framework stating that a disturbance in the production process causes a downward 
shift in the production function (Allen et al., 2013; Pindyck & Rubinfeld, 2009), investments 
in animal health leads to the opposite. From the results presented in Model 2 (see Table 1), 
the following regression can be applied to the dairy farms’ production (equation 8) and re-
written to its original Cobb-Douglas form (equation 9):  

lnY=10.162+ (lnTC x -0.082)+ (lnn x 0.023)+ (lninvSCC x 0.1)+ (partSH x 0.112) (8) 

Y=10.162TC0.082n0.0231/SCC0.1partSH0.112 (9) 

From this equation, calculations can easily be made to illustrate how investments in improved 
animal health increase the milk yield. The partial output elasticity for the animal health 
variable 1/SCC is 0.1, i.e., if a dairy producer invests in improving animal health by 1%, i.e., 
lowering the BTSCC with 1%, this generates 0.1% kilos ECM more in output. If the producer 
improves the health by 10%, it will generate 1% more in output. The average dairy farm in 
the data sample (see Table 1 in the appendix) produces 10 441 kilos ECM/year and has a 
mean BTSCC 241 028/ml. If the producer, in this case, invests in improving animal health by 
lowering the BTSCC with 10% (24 102.8), it will generate 104.41 kilos ECM more. From the 
results, the producer can see the net effect of investing in animal health and how the revenues 
are expected to increase if the BTSCC is reduced. However, the economic impact of the 
investments on the individual producers depends on which payment system the dairy 
processor has. Eventual premiums in the settlement price may have additional benefits to 
investments in animal health. For a Swedish dairy producer who delivers milk to Arla Foods, 
an investment in animal health, which reduces BTSCC from 200 001 to less than 200 000, 
will generate +1% of the settlement price. This together with the additional output produced 
due to the investment, gives increased revenue, as exemplified above.  
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The results from this study can be used as the foundation for evidence-based counseling 
aimed to help farmers become more efficient with the management of mastitis. The tool 
developed in this thesis can help improve decision making, therefore, the tool developed in 
this thesis was more simple and straightforward. On the basis of the results from this study, 
Swedish dairy producers can become aware of the importance of lowering the BTSCC in 
order to improve animal health and the profitability of the farm. For the Swedish dairy 
industry, improving animal health entails several positive aspects in addition to being seen as 
a step towards creating a more sustainable food chain. The variable 1/SCC represent the 
revenue side in the production function, and the investments of improving animal health 
(decrease BTSCC) will represent the cost side. If the farmer invests in lowering the BTSCC, 
this will have a dynamic effect on the other factors as well. Advisory organizations such as 
Växa Sverige can help the dairy producers determine whether a 10% investment in improved 
animal health is worth the costs that are added.  

The Cobb-Douglas function has several restrictions, as stated earlier, such as; all inputs are 
essential for production, and no output can be produced without using at least some of each 
input (Kleyn et al., 2017; Mishra, 2010). This is consistent with the results of this study. The 
proxy variable for animal health is one of the most important coefficients in the function, 
significantly more important than the number of cows (n) and TC. Investing in animal health 
is, therefore, an essential part of milk production. Further discussion regarding the results can 
be found in the article manuscript.  

6.2 Method discussion 

In one way or another, there will always be threats to the quality of all types of studies. In this 
study, the explanation rate (R-squared) of the regression model is relatively low (around 30%, 
see Table 1), which I am aware of. However, this study is based on existing data, which 
means that the rate cannot be improved. It may be a risk that data has been entered incorrectly 
in SPSS, or that imprecisions occur when data has been merged into new variables. This may 
have affected the result and lead to errors. To prevent this, the data has been analyzed both 
using SPSS and with STATA in consultation with both supervisor and assistant supervisor 
which reduced the risk of mistakes.   

Modelling the inverse value of a disease as an input variable requires that data is reliable. For 
example, Bennett (2003) argues that estimates of economic effects due to animal diseases are 
only as good as the data upon which they are based on, which requires that data collection and 
analyses will be executed with high precision. The designed indicator (1/SCC) is considered 
to measure animal health for dairy cows. The variable was developed based on previous 
literature on udder health and mastitis, and the results of this study imply that there is a 
significant economic value for investing in animal health. Furthermore, this study is based on 
secondary data, which usually has a higher quality than primary data (Bryman & Bell 2013). 
This is because the sample can represent the total population better, as data has been analyzed 
and processed earlier. By using secondary data, more time was spent on data processing and 
analyzes, which increases the certainty that the results are valid.  

The sample for this study was as representative as possible; however, the representativeness 
may be questioned, this is discussed in further depth in the article manuscript. The new GDPR 
slowed down the data selection and the sample was prevented from being completely random. 
All of the farm owners that could provide consent before the start-up date of this study were 
included in the data set. But the dairy farms that did not leave the consent in time were not 
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included which makes the sample non-random. Although it was technically possible to access 
data from the entire population, this was limited by the time aspect. Due to the non-random 
selection, sampling error may exist, and this may limit the generalization of the results.  

As stated in Chapter 4, the translog production function is usually the preferred choice for 
most researchers, but the increased complexity with the translog function was not necessary 
for this study. The results from the Walds test showed that the interacting variables were 
equal to zero, indicating that the variables can be removed without any harm to the model fit 
since the variables are not contributing significantly. Choosing the most accurate method 
increases validity. Data for this study were collected from sources which are considered to be 
accurate and reliable. The models were evaluated for heteroscedasticity, but there were no 
indications that there is a problem with heteroscedasticity in neither of one (see pages 38-40). 
Furthermore, the models were tested for multicollinearity, and there were no indications that 
there is a problem with multicollinearity in neither of Model 1 or Model 2. For Model 3 
multicollinearity exists as a part of the translog model since the high correlation between the 
interacting variables results in an inability to estimate the coefficients precisely.  

The model developed in this study can be generalized to other countries with similar 
production systems, especially within the European Union where the maximum BTSCC is set 
at 400 000 (Council Directive 92/46/EEC). The model can also be generalized to other 
livestock-production systems such as cattle production, pork or others, but in such instances, 
the animal health variable needs to be adjusted for diseases of these production animals. This 
model also allows for replication which strengthens the validity of the results.  

Other methods could have been used as complement to this study, such as in-depth interviews 
with dairy farm owners or veterinarian, but in order to maintain objectivity, this was 
excluded. The individual farmers have been completely anonymous which reduces the risk of 
damaging the privacy of respondents, no ethical issues have arisen.  
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 7 Conclusions 
In his thesis, a microeconomic framework was established for developing a model to 
investigate how animal health affects the production for Swedish dairy producers. By 
modelling the effect of animal health as an input variable, it shows how the production 
function can change when animal health is improved, which will affect the output produced. 
The modelling also concretizes the economic value of improved animal health, and 
investment in animal health is seen as an asset in production.   

The Swedish dairy industry is considered the most valuable sector in Swedish agriculture of 
the products that are produced for further trade. Therefore, it is highly relevant that the 
remaining companies maintain profitability. 

The findings from this study showed that investments in animal health play a significant role 
in the production process of dairy farming. Also, improving udder health can play a 
significant role in achieving an efficient and economically rewarding milk production. This 
study contributes to the existing literature by presenting a new way of modelling the effect of 
animal health, compared to what has been previously done. Seeing animal health as a 
production factor has not been previously done. The model presented in this study can be used 
as a simple tool for evidence-based counseling in order to help dairy farms become more 
efficient with the management of mastitis, by lowering the BTSCC and improving animal 
health and the profitability of the farm. Improving animal health entails several positive 
aspects in addition to being seen as a step towards creating a more sustainable food chain. 
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 Appendix. Article manuscript 
Modelling animal health as a production factor in dairy production 

- a case of Swedish dairy agriculture

Livestock diseases are an undesirable contribution to the production process. Diseases lower 
the producer's profit margins by reducing animal health and causing unnecessary suffering to 
the animals. For dairy production, mastitis is the most severe disease and causes both reduced 
animal health, increased costs, and reduced milk yield. The purpose of this study was to 
investigate how animal health affects the production by presenting a general model that can 
be used to estimate the effect of animal health on production. Empirical data consisted of 
farm-level accounting data of Swedish dairy producers combined with biological facts of the 
dairy herds. A multiple regression analysis was used to investigate how animal health affects 
the production. Results show that animal health plays a significant role in the production 
process of dairy farming. The study illustrates how the production function will statistically 
change when animal health is improved. The model developed in this study can be a useful 
tool for evidence-based counseling in order to help dairy farms become more efficient with 
the management of mastitis. The developed model can also be generalized and used for other 
livestock production systems to investigate how animal health affects production. 

Introduction 

Diseases in livestock play a crucial role in modern farming and affects the production in 
several different ways by reducing the efficiency and causing unnecessary suffering to the 
animals (e.g., Bennett, 2003; Chi, VanLeeuwen, Weersink & Keefe, 2002; Dijkhuzien, 1992; 
McInerney, 1991; McInerney, Howe & Schepers, 1992). From a microeconomic perspective, 
livestock diseases represent an undesirable effect in the process of converting production 
inputs to outputs by destroying the basic resources and thereby lowering profit margins (Chi 
et al., 2002; Hansson, Szczensa-Rundberg & Nielsen, 2010). Because of diseases, losses arise 
to the producers through lower product quality and/or lower product level. There are also 
direct costs, e.g., veterinary costs, medicine, increased culling et cetera, and the total 
economic cost may vary between production systems, diseases, regions, and countries 
(McInerney, 1996; Dijkhuzien, 1992).  

Numerous different analytical methods have been used to estimate losses and disease costs. 
Several studies have used costs-benefits analysis to evaluate different preventive strategies 
and control programs (e.g., Groenendaal, Zagmutt, Patton & Wells, 2016; Valle et al., 2005; 
Truong et al., 2018), some have designed stochastic dynamic models (Niemi et al., 2017; 
Schoenbaum & Disney, 2003), budget models (e.g., Holtkamp et al., 2013, Chi et al., 2002, 
Shulz & Tonsor, 2015), dynamic bioeconomic models or different simulation models (e.g., 
Blake, Sinclair & Sugiyarto, 2003; Cao, Klijn & Gleeson, 2003; McArt, Nydam & Overton, 
2015; Rushton, 2009). The common denominator is, however, that impaired animal health 
cause direct losses with visible and invisible signs, e.g., abortion, deaths, reduced efficiency 
through reduced fertility, feed conversation, lower yields, and reduced product quality.  

For dairy production, mastitis represents one aspect of animal health and the disease is 
considered to be the most common and costly production disease in dairy herds worldwide 
(e.g., Carlén, Strandberg & Roth, 2004; Halasa et al., 2007; Holland, Hadrich & Lombard, 
2015; Seegers et al., 2003). While mastitis usually is treatable, economic losses are 



2 

substantial. The disease is associated with reduced milk yield but also reductions in output 
price due to penalties for high somatic cell count (SCC). Mastitis is also associated to 
veterinary and treatment costs, additional labor and increased culling rate (e.g., Bar et al., 
2008; Hagnestam-Nielsen & Østergaard, 2009; Huijps, Lam, & Hogeveen, 2008). Mastitis, 
therefore, interferes with the economic outcomes of dairy farms (Hansson, Szczensa-
Rundberg & Nielsen, 2010). Reducing the frequency of mastitis is necessary in order to 
develop competitive dairy production systems, but improved animal health and minimizing 
the use of antibiotics are also essential arguments (Bennett, 2003). Mastitis can be recognized 
by increasing SCC which become present in rising numbers as the immune system responds 
to a mastitis-causing pathogen (Huijps & Hogeveen, 2007). In most countries in the European 
Union, there is a maximum limit on the bulk tank SCC (BTSCC) allowed in milk produced 
for human consumption, followed by penalties and premiums which may have a significant 
impact on the milk revenue for the producers (Council Directive 92/46/EEC).  

Previous calculations of the economic loss of mastitis show significant variations in the 
results between different studies. Economic losses differ between €53 to €120 per cow and 
case of mastitis depending on the level of BTSCC and the main component of loss is 
reduction in milk yield which is estimated even higher for subclinical mastitis (SCM) (e.g., 
Bar et al., 2008; Halasa et al., 2007; Huijps, Lam & Hogeveen, 2008; Kossaibati & 
Esslemont, 1997; Seegers et al., 2003; Østergaard et al., 2005; Yalcin, 2000). Cost per case of 
mastitis has been estimated to vary between €278 and $444 (Hagnestam-Nielsen and 
Østergaard, 2009; Rollin, Dhuyvetter & Overton, 2015). Past literature regarding the effect on 
the milk yield show that rising SCC have a significant negative effect on the milk yield (e.g., 
Halasa et al., 2009; Hagnestam-Nielsen & Østergaard, 2009; Hagnestam et al., 2007; 
Korhonen & Kaartinen, 1995). The yield is reduced with 4% when the level rises from 250 
000-500 000, 7% when rises to 700 000 and close to 20% when exceeding 1000 000, this is
equal to 200-750 kilos energy corrected milk (ECM)/cow and year.

Knowing the consequences of elevated SCC and mastitis, farmers are considered actively 
working with preventive measures. These measures can be seen as direct investments in 
animal health. Similar to how firms make certain investment decisions to benefit from the 
productive capacity of for example labor or capital, I assume that farmers make decisions to 
benefit from the investment in animal health. From an economic perspective, animal health 
could be seen as a production factor just as labor or capital, all of which are crucial for a 
company to be able to produce an output. Investments in animal health will, therefore, 
increase the output level.  

The purpose of this study was to investigate how animal health affects the production by 
presenting a general model that can be used to estimate the effect of animal health on 
production. In this study, the absence of mastitis will represent animal health, in order to 
provide estimates that can support strategic decision-making and motivate and dimension 
preventive work against poor udder health and mastitis. By modelling the effect of animal 
health as an input variable, it illustrates how the production can change when animal health is 
improved, which will affect the output produced. The model developed in this study is meant 
to be used in practice by farmers, veterinarians, and other advisors, or form the basis for 
future research. This study contributes to the existing literature by presenting a new way of 
modelling the effect of animal health, compared to what has been previously done. Seeing 
animal health as a production factor has not been previously done. By doing so, the economic 
value of improved animal health are concretized, and investments in animal health are seen as 
an asset in production.  
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In relation to this study, previous research has used other methods when estimating the effect 
of animal health. Only a few studies (e.g., Bennett, 1992, 2003; Chi et al., 2002; Yalcin et al., 
1999; Yalcin, 2000) have used production functions when analyzing the direct effect of 
livestock diseases, as suggested by McInerney (1991). By not using production functions 
when estimating the impact from diseases, the results may be incorrect and essential 
conclusions may be overlooked. The results from earlier published literature regarding 
mastitis vary significantly and estimates from, e.g., simulation models are higher than 
estimates calculated from other methods which may question the validity of the analysis 
methods (e.g., Bar et al., 2008; Hagnestam-Nielsen & Østergaard, 2009). Variation in the 
results of previous estimates may also be explained by different studies using different cost 
categories in their calculations (e.g., Bennett et al., 1999; Halasa et al., 2007; Huijips et al., 
2008; Rollin et al., 2015). Other reasons for the variation seem to be the origin of data or the 
definition of mastitis (Nielsen, 2009). For this reason, there is a need for a general model to 
estimate the effect of animal health. This is essential as it becomes difficult to replicate the 
studies when no general models have been designed and used. Estimating the effect of animal 
health on the production can both help to analyze the situation, limit the losses and determine 
the extent of the loss to be avoided, in order to improve the profitability of the farm. The 
findings from this study can serve as a basis for future research on the effect of animal health. 
The results can also be used for evidence-based counseling aimed to help farmers become 
more efficient with the management of mastitis. Based on the results of this study, Swedish 
dairy producers can become aware of the importance of lowering the BTSCC in order to 
improve the profitability of the farm by improving animal health. 

Material and methods 

Data sources 
Data was provided from Växa Sverige and consisted of information obtained from different 
sources; i) individual farmers, ii) production animal associations, iii) veterinarians, iv) 
slaughter companies, and v) a milk laboratory. Sweden has currently 3600 dairy producers, 
and 2557 are members of Växa Sverige (Bergh, 2018; Växa, 2018). The average farm among 
Växa Sveriges members has 89.1 dairy cows and producing 10175 kilos energy corrected 
milk (ECM)/cow and year, with a geometric mean of all herds BTSCC at 188. Compared to 
the average Swedish dairy producer, who has 91 cows and producing 8900 kilos ECM.  

The individual producers in the sample were selected non-randomly, and the sample could 
have been greater. However, the new EU General Data Protection Regulation (GDPR) came 
into force on May 25th and limited the selection size since the regulation demand permission 
for businesses to store personal data (EU 2016/679). For Växa Sverige, GDPR meant that 
each farmer needed to give consent to store their data and to match the datasets (farm 
accounting data and biological data). Due to the new GDPR, the data selection was prevented 
from being completely random, and 99 consents were collected until the start of this study.  

Table 1 present the descriptive statistics on the input and output variables used in the 
empirical analysis. The standard deviations are rather large, indicating a large amount of 
variation in the sample, as shown by the minimum and maximum values of the normal 
distribution in Table 1. The average farm in the sample has 124.7 cows and producing 10441 
kilos ECM/cow and year which is slightly higher than the average Swedish producer 
(P=0.007) and the average member of Växa Sverige (P=0.001). The average BTSCC is 241 
compared to 188 for the average member of Växa Sverige (P=0.001). The difference is 
significant, but there could be a risk of selection bias.  
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Table 1: Descriptive statistics: input-output variables on participating dairy farms (n=99). 

Variables Mean St. dev. Min Max 
Output 
Kilos ECM (output) 10441 955.1 8061 13071 

Inputs 
Number of cows (n) 124.69 100.10 22.30 536.50 
Total costs (TC, Swedish krona) 572.93 124.96 364.44 1040.40 
Bull tank somatic cell count (BTSCC) 241.03 54.51 96.83 398.3 
Inverse SCC (invSCC) 0.0043 0.0010 0.0025 0.0103 
Proportion SH (partSH) 0.431 0.312 0.00 1.00 

Farm accounting data. 
To construct the input variables needed to estimate the production function, detailed farm 
level accounting data were used. Each of the 99 farms was represented by one year of 
economic outcomes and deflated by national consumer price index to 2017(=100) as a base 
(SCB, 2018). The dataset consisted of direct costs, which are directly related to dairy 
production and not carried by other business areas. In this category, seed, manure, fertilizer, 
feed, replacement, counseling, semen, contract work, and veterinarian are included. Though, 
this may vary depending on how the farmers reported the events. Furthermore, the data set 
included labor costs and cost for concentrates. Moreover, the data set also included indirect 
costs, involving leasehold, insurances, lawyer, diesel and other common costs related to more 
business areas than milk production only. Since the opportunity costs for, for example, 
leasehold, was unknown, and the costs categories include more than milk production costs, 
the indirect costs were not included in the analysis. This in order to limit errors in the 
analysis.  

The farm-level accounting data were supplemented with farm-specific biological facts about 
the herds. Total production outputs, as recorded through the monthly test-day recordings, 
were aggregated into a single measure of produced milk (ECM/cow and year). Furthermore, 
breed compositions, number of cows, and average BTSCC were included as input variables. 
The data regarding BTSCC was compiled over 12 months and mean value per producer was 
used. Furthermore, data included mainly three groups of different breeds; Swedish Red (SR) 
geometric mean 0.515, Swedish Holstein (SH) 0.433 and one group with other breeds, 0.052 
The distribution between the breeds slightly differ from the Swedish average where SH is the 
most common and represent 0.55 of the entire population (P=0.001) (Bergh, 2018). The 
biological data was gathered and compiled for three years but were matched against the 
accounting year (2017) for each farm.  

Modelling animal health 
Diseases affect the production in several ways as stated in the introduction, representing an 
undesirable effect in the production process. The somatic cell count is an indicator of 
potential mastitis, and it is associated with reduced animal health by causing suffering to the 
cow. The costs and yield losses associated to the disease, and the milk payment system 
involving premiums and penalties depending on the BTSCC levels, affects the extent to which 
the farmer invests in preventive care to increase animal health. Assuming farmers want to 
work efficiently when transforming production inputs to output, investments in animal health 
are made, but to what degree is not considered in this study. To design the animal health 
variable, the data for BTSCC was transformed into its inverse value to illustrate that the 
producer has invested in animal health. The inverse value indicates low BTSCC, and this was 
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equated with improved animal health and set as a proxy variable. The variable 1/SCC was 
then used as an input production factor representing the revenue side in the production 
function. The model considers that the BTSCC may affect the other input variables in the 
production function as well as the output and given everything else alike, investments in 
animal health, by improving udder health in different ways which lower the BTSCC, will 
affect the output. In this case, the animal health production function is formed to measure how 
the output is the resulting benefit from investments in animal health (decreased prevalence of 
mastitis and lower the BTSCC), and the function can, therefore, be termed a benefit function, 
in accordance with Bennett (1992, 2003).  

Methods for estimating the production function 
The analytical framework applied in this study builds on the literature clarifying the 
importance of using production functions in estimating the effect of animal health. The 
equations presented below are described as log-linear functions since both the dependent and 
the independent variables have been log-transformed. Therefore, the functions can be 
relatively easily predicted using regression analysis. The analysis consisted of three steps with 
two different methods; Cobb-Douglas and translog production function. If the choice of the 
functional form is incorrect, the results may be biased. The most commonly used production 
function is the Cobb-Douglas, which has advantageous mathematical properties and can 
demonstrate the technical relationship between two or more input factors and the output, but it 
has been criticized for its simplicity (Kleyn et al., 2017; Mishra, 2010). The second model is 
the translog function, which is considered to be more flexible compared to the Cobb-Douglas 
function (Christiansen, Jorgenson & Lau, 1971, 1973). Translog functions are used to 
examine input substitution separability and aggregation. By adding interaction terms (by joint 
estimates) to the function, a greater understanding of the relationship between explanatory 
variables and explained variable can be achieved. As a starting point for analysis, a basic 
Cobb-Douglas function was specified in the form of:  

ln(Y)=ln(A)+ ln(TC)+ ln(n)+ ln(invSCC) (1) 
Where ln(Y) is the logarithm of output milk (kilo/ECM) that the farmers produce in a year, 
and A is the intercept (constant). The production input variables were ln(TC), the logarithm of 
total costs for dairy production, which consists of the direct costs presented above, added 
together with labor costs and costs for concentrates. The variable ln(n) consists of the 
logarithm of numbers of cows and ln(invSCC) is the proxy variable used to illustrating 
investments in animal health as an input variable. The Cobb-Douglas was estimated based on 
OLS-technique.  

As a second step, the Cobb-Douglas function in Model 1 was developed to include a control 
variable for the breed composition of the herd; partSH. The Holstein ratio was introduced as a 
control variable, indicating the proportion of Holstein cows in the herd since cows of the 
Holstein breed are more prone to get mastitis (Hagnestam-Nielsen & Østergaard, 2009; 
Halasa et al., 2007; Nielsen et al., 2010). The control variable was used to exclude that a 
relationship between the variables only exists as a causal effect and the interesting 
relationship was therefore streamlined. The mathematical structure of the function is 
displayed in the following equation:  

ln(Y)=ln(A)+ ln(TC)+ ln(n)+ ln(invSCC)+ partSH (2) 
Lastly, a three-input translog production function was estimated by extending Model 2. The 
translog function has both linear and quadratic terms and the ability to use more than two-
factor inputs. Six interaction variables were included to see if the interaction is present with 
the possibility of substitution and if this in any way affects the results. This function consists 
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of both first derivates ln(TC), ln(n), ln(invSCC), own second derivates ln(TC)ln(TC), 
ln(n)ln(n), ln(invSCC)ln(invSCC) and cross-section derivates ln(TC)ln(n), ln(TC)ln(invSCC), 
ln(n)ln(invSCC). Lastly, the function also included the same control variable as Model 2. The 
mathematical structure of Model 3 is displayed in the following equation:  
lnY=ln(A)+ ln(TC)+ ln(n)+ ln(invSCC)+ ln(TC)ln(TC)+ ln(n)ln(n)+ ln(invSCC)ln(invSCC)+ 

ln(TC)ln(n)+ ln(TC)ln(invSCC)+ ln(n)ln(invSCC)+ partSH (3) 
The input variables have been selected based on the ground that they reflected general 
production factors and based on what previous studies have used when estimating production 
functions for dairy farms (e.g., Ahmad & Bravo-Ureta, 1995; Alvarez & Arias, 2004; Saha & 
Jain, 2004). These studies have used Cobb-Douglas and translog functions to estimate 
technical efficiency for dairy farms. Input variables have been cows, concentrates, buildings, 
veterinary expenses, labor (both hired and unpaid family labor), crop expenses such as 
fertilizer, seed, machinery, and roughage expenses incurred in producing on the farm. Data for 
indirect costs could have been used in the analysis to include costs for machinery and other 
joint business costs. Due to the uncertainty about eventual non-consistent accounting, the total 
costs only consisted of direct costs, and indirect costs were excluded in order not to avoid any 
measurement errors and bias to the results. The choice of variables, therefore, means that the 
analysis is done within the framework of fixed resources. The effect from cleaning the 
variables will be that only production from the cow stall is modelled, everything else is 
counted as given. In all three models, variables with P<0.1 were considered to be statistically 
significant.  

Test for determining production function 
In order to test if the increased complexity with the translog function is necessary, or if the 
simplicity of Cobb-Douglas is enough, Wald test was performed, and the null hypothesis (H0) 
was tested against the alternative (H1). Rejection of the H0 signifies that the translog function 
is the appropriate model, while failure to reject the null hypothesis implies that the Cobb-
Douglas function is appropriate. The Wald test (also called Wald-Chi-Squared Test) can be 
used to test if explanatory variables in a model are significant or not, meaning they add 
something to the model (Gregory & Veall, 1984). If Wald test shows that the parameters for 
the variables are zero, it suggests that the variables can be removed without harming the 
model and H0 is accepted.  

Results 
The results from the regression analyzes are presented in Tables 3-5 below. The R-squared 
values were rather low for Model 1 (16.7%) but were almost doubled for Model 2 (30.7%), 
and Model 3 (33.9%). All of the models were evaluated for heteroscedasticity, but there were 
no indications that there is a problem with heteroscedasticity for neither of the models (Model 
1 Ch2 0.36, Prob> Chi2 0.5469, Model 2 Chi2 0.39, Prob> Chi2 0.5317, and Model 3 Chi2 
0.18, Prob> Chi2 0.6732). Furthermore, the models were tested for multicollinearity, and there 
were no indications of this for Model 1 (VIF between 1.015-1.160) or Model 2 (VIF between 
1.030-1.173). For Model 3 multicollinearity exists as a part of the translog model because of 
the high correlation between the interacting variables, which results in an inability to estimate 
the coefficients precisely.  

The results from the Walds test performed for Model 3 showed that the interacting variables 
were not significantly different from zero, indicating that the variables can be removed 
without any harm to the model fit since the variables are not contributing significantly. H0 
was accepted, and therefore, the Cobb-Douglas function was considered more suitable 
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compared to the translog function for data analysis. The control variable partSH however, was 
contributing significantly and thus needed to be included in the regression.  

In Model 1 (see Table 2), the coefficients for total costs (-0.103), and numbers of cows (-
0.027) were significantly negatively associated with the dependent variable, which is in 
conflict with the logic of Cobb-Douglas functions. The animal health variable invSCC (0.108) 
was significantly positively associated with the dependent variable. For Model 3, total costs (-
1.33) were negatively associated with the dependent variable in its first derivate and became 
positively associated in its own second derivate (0.099), however not statistically 
significantly. Numbers of cows (-1.057), and inverse SCC (-0.420) were both negatively 
associated in the first derivate and positively associated in their second derivate (0.001, 
0.045), but not statistically significantly. The control variable partSH was significantly 
associated with the dependent variable at 1% level. Only one of the cross-section interaction 
variables were significantly positively associated with output (ln(TC)ln(n)=0.185), the other 
two were not significantly associated (ln(TC)ln(invSCC)=0.152), and ln(n)ln(invSCC)=-
0.015).  

Based on the results of the Walds test, Model 2 (presented in Table 3), was the most suitable 
model for investigating how animal health affects the production. Model 2 also estimated a 
Cobb-Douglas function but for this model a control variable was included, see Table 3. The 
results of Model 2 indicate that total costs (-0.82) still were significantly negatively associated 
with the dependent variable. Numbers of cows (0.023) became positive but not significantly 
associated with the output. The invSCC (0.100), and the control variable partSH (0.112) were 
significantly positively associated with the dependent variable. The model did not show 
significant support for omitted variables (F=0.45, Prob>F=0.71163), H0 was accepted.  

Table 2. Results from Model 1: Cobb-Douglas production function 

Variables Coef. Std. Err. P [95% Conf. Interval] 
lnTC -0.103 0.045 0.024 -0.193 -0.014
lnn -0.027 0.182 0.075 -0.003 0.056
lninvSCC 0.108 0.038 0.005 0.033 0.182
Con 10.368 0.384 0.000 9.607 11.130
R-sq. 0.167

Table 3. Results from Model 2: Cobb-Douglas production function including control variable 

Variables Coef. Std. Err. P [95% Conf. Interval] 
lnTC -0.082 0.042 0.053 -0.165 -0.001
lnn 0.023 0.014 0.102 -0.005 0.050
lninvSCC 0.100 0.035 0.005 0.032 0.169
partSH 0.112 0.026 0.000 0.061 0.163
Con 10.162 0.355 0.000 9.457 10.866
R-sq. 0.307
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Table 4. Results from Model 3: Translog production function including control variable. 

Variables Coef. Std. Err. P [95% Conf. Interval] 
lnTC -1.33 2.376 0.576 -6.0154 3.388 
lnn -1.057 0.882 0.234 -2.809 0.696 
lninvSCC -0.420 2.132 0.844 -4.657 3.816 
partSH 0.118 0.029 0.000 0.061 0.174 
lnTC x lnTC 0.099 0.162 0.542 -0.223 0.420 
lnn x lnn 0.001 0.020 0.963 -0.039 0.041 
lninvSCC x lninvSCC 0.045 0.125 0.719 -0.202 0.292 
lnTC x lnn 0.185 0.102 0.072 -0.017 0.387 
lnTC x lninvSCC 0.152 0.207 0.813 -0.258 0.562 
lnn x lninvSCC -0.015 0.065 0.463 -0.115 0.146 
Con 15.148 11.503 0.191 -7.712 38.01 
R-sq. 0.339

Discussion 
In this study, I investigated how animal health affects the dairy production by using the 
inverse value of SCC as an input variable in the production function. The results imply that 
there was a significant economic value for investing in animal health because the coefficient 
for invSCC was positive and statistically significant. The proxy variable for animal health is 
one of the most important coefficients in the function, significantly more important than the 
number of cows (n) and total costs (TC). Investing in animal health is, therefore, an essential 
part of milk production. This study contributes to the existing literature by presenting a new 
way of modelling the effect of animal health. By doing so, the economic value of improved 
animal health is concretized, and investments in animal health are seen as an asset in 
production.  

One of the most critical factors influencing the costs of mastitis is production losses (Bar et 
al., 2008; Halasa et al., 2007; Hujips, Lam & Hogeveen, 2008). In accordance with the 
literature mentioned above, this study clearly shows that the presence of a disease (SCM) and 
reduced animal health results in output loss and additional input use. Consistent with the 
results from, e.g., Halasa et al. (2009), Hagnestam-Nielsen and Østergaard (2009), rising 
BTSCC has a significant negative effect on the milk yield and as stated in the introduction, 
impaired animal health cause direct losses, reduced efficiency and reduced product quality 
(e.g., Groenendaal et al., 2016; Holtkamp et al., 2013; Valle et al., 2005; Rushton, 2009). For 
an industry that is already exposed to competition and slim economic margins, acute, and 
preventive work on udder health becomes essential issues that the producers face in their daily 
practice of becoming profitable. In a global perspective, reduced animal health in dairy cows 
leads to extensive inefficiencies, including a higher proportion of emissions per kilos of milk 
produced. Hence improved animal health is an important sustainability aspect for dairy 
production.  

Quantitative modelling of animal health is not an entirely new phenomenon. However, using 
a disease to design a production input variable is. For example, Bennett (1990, 2003) 
modelled production functions but placed a disease as increased costs to determine output 
loss. This illustrated how higher treatment and prevention expenditures resulted in lower 
losses, but the function did not highlight animal health as an individual variable. This study 
differs from the previous ones by providing a new way of modelling animal health as an 
individual production factor. In this case, a flexible and simple model is necessary to 
represent dairy production and investments in animal health. To my knowledge, no authors 
have emphasized the productive value of animal health, which makes the analysis unique.  



9 

The negative coefficients for the total costs (in Model 1 and 2 presented in Table 2 and 3) and 
the variable numbers of cows (in Model 1) indicates that these variables have an inverse 
impact on the dependent variable which conflicts with the logic of Cobb-Douglas production 
functions. However, the result of a negative capital coefficient is not completely rare in the 
applied research (Felipe and Adams, 2005; Felipe and Fisher, 2003; Latruffe et al., 2004; 
Lucas, 1970; Manevska-Tasevska, 2013); some even see it as standard findings. It has been 
argued that it could be an aggregation problem that occurs when combining production 
functions, and that faulty function specification may be the underlying problem in such cases 
(Felipe & Fisher, 2003). Felipe and Adams (2005) claim that the Cobb-Douglas function is 
expected to generate a positive coefficient when inputs are represented as quantities and that 
the regression works better without a time trend. However, when a value with information of 
the price is included (as the total costs variable for this study), the results may turn out to be 
negative. This opens up to the discussion if a new model needs to be developed to justify a 
negative (or zero) elasticity for capital? However, that is beyond the scope of this study. 

The three models’ R-squared values are considered quite low, but the issue has been 
highlighted by Carpentier and Letort (2012) and Bareille and Letort (2018) argue that it 
reflects heterogeneity among farmers production conditions. The low R-squared value may be 
increased with a larger size of the data sample and or more input variables in the production 
function. Almost all estimated parameters in Model 1 and Model 2 are significantly different 
from zero at the 0.05 level. The size of the selected data sample can be considered too small, 
and when comparing the features of the selected sample to the average Swedish dairy farm, it 
showed that there were significant differences even though the variables were normally 
distributed. The difference in average milk yield produced may be because it varies how 
measurements have been made. Either the milk delivered to the processor is measured, or the 
milk is measured at the farm and includes milk that will be sorted out. The farms in the 
sample were also larger in the form of more cows per farm, higher productivity, and higher 
BTSCC compared to the average farm in the population. Lastly, the proportion of Holstein 
cows in the herd per farm were lower compared to the Swedish average farm. The differences 
between the features of the sample compared to the entire population may affect the 
representativeness of the sample and thus affect the generalizability. However, all dairy 
producers have unique characteristics, and the selection reflects the population to some extent. 
The sample contained the dairy producers that voluntarily gave consent to Växa Sverige for 
their participation. As the new GDPR came into force during this study, the possibility of 
further data collection was limited, and the analyzes have been carried out based on the given 
conditions.  

Using farm accounting data imposes some limitations. For example, the data regarding labor 
is not as detailed as it could have been. Labor was, therefore, a difficult factor to consider, 
partly because quantifying the hourly price depends on several aspects, such as who is 
working, the owner or employees, and their education. Secondly, the owners record the 
entries differently. Some of the owners book their working hours under the category labor 
costs, while others do not report their work under this category but only the hours worked by 
external workers (hired labor). Furthermore, the indirect costs, as mentioned earlier, were 
excluded from the analysis since they did not include the opportunity costs for example 
leasehold. Excluding the category means that the total costs may lack certain aspects, but if 
the category were included, it might have biased the results. The available data made no 
distinction between organic and conventional dairy, which may also have affected the results. 
Both the level of production inputs and output difference between the production systems 
along with the conditions for organic dairy farmers which faces longer withdrawal of milk 
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from cows treated with antibiotics compared to conventional producers (Hagnestam-Nielsen 
and Østergaard, 2009; Nielsen et al., 2010). Organic dairy farmers also receive a higher 
settlement price for milk delivered, which raises the question if organic dairy producers invest 
more in improved animal health compared to conventional ones?   

There are also other variables that are known to affect the milk output and have been used in 
production functions in the past. For example, McInerney (1992) and Yalcin et al. (1999) 
used the type of milking system and the size of the farm (hectare) when estimating production 
functions. Furthermore, machinery, buildings and more detailed costs of veterinary treatment 
have been used for analysis (e.g., Ahmad & Bravo-Ureta, 1995; Alvarez & Arias, 2004; Chi 
et al., 2002; Saha & Jain, 2004). Yalcin (2000) also included preventive measures in the 
regression analysis when estimating the production effect of mastitis. Since this study is based 
on existing data, information, as described above, was unfortunately not available. However, 
adding more variables into a regression analysis can also result in it becoming harder to 
interpret what value affects what in the model. The model developed in this study is meant to 
be used in practice by farmers, veterinarians, and other advisors, or form the basis for future 
research and was therefore designed simpler with fewer input variables.  

A low value of invSCC does not necessarily mean that farmers have not made any 
investments in animal health, but it indicates that elevated/high BTSCC occur on the farm and 
this will affect output and milk revenue. This study, however, does not consider how 
investments in animal health have been made but it is assumed that farmers make decisions to 
benefit from the investment in animal health by reducing the BTSCC and mastitis. This is 
done similarly to Bareille and Letort (2018) which argued that crop biodiversity could be 
modelled as production factors. A farmer who knows that mastitis causes production 
inefficiencies, additional costs, and suffering to the cow, can be motivated to act in the 
prevention of mastitis, even if the BTSCC is not close to a possible penalty level. Healthy 
cows have economic value but not necessarily a market price. Better milk quality and higher 
milk yield, however, does. By generating higher income from sold milk, bonuses from lower 
BTSCC, less additional costs for the producer, fewer labor hours spent on treating sick cows, 
fewer cullings, more calves, along with other benefits of healthy cows.   

Y= 10.162TC0.082n0.0231/SCC0.1partSH0.112 (4) 

The findings from this study can be applied empirically on dairy producers production to 
illustrate how investments in improved animal health increase the milk yield. In the equation 
presented above (4), the results from Model 2 is presented in its Cobb-Douglas form. By 
using the partial output elasticity for 1/SCC (0.1), a 10% improvement in animal health (i.e., 
lowering the BTSCC with 10%) generate 1% more kilos ECM in output. The average farm in 
the data sample (see Table 1) produces 10 441.8 kilos ECM/year and has a mean BTSCC 
241 028/ml. If the producer, in this case, invests in improving animal health by lowering the 
BTSCC with 10% (24 102.8), it will generate 104.418 kilos ECM more. By a marginal 
analysis, the additional benefit from investments in animal health is illustrated, indicating that 
there is a significant economic value of investing. However, the economic impact of the 
investments on the individual producers depends on which payment system the dairy 
processor has. The estimates from this study can be used in practice by advisors or 
veterinarians for the purpose of motivating preventive work against poor udder health and 
mastitis.  
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The model developed in this study can be generalized to other countries with similar 
production systems, especially within the European Union where the maximum BTSCC is set 
at 400 000 (Council Directive 92/46/EEC). The model can also be generalized to other 
livestock-production systems such as cattle production, pork or others. However, in such 
instances, the animal health variable needs to be adjusted for diseases of these production 
animals instead of mastitis. This model also allows for replication which strengthens the 
validity of the results. Replications studies are unusual in economic research, but there is a 
growing interest in enhancing research transparency and reproducibility (Christensen & 
Miguel, 2018; Hamermesh, 2007). Neither of the models suffers from heteroscedasticity, 
multicollinearity or omitted variables which strengthens the results.  

In future research, the cost categories mentioned above can be advantageously used to see if 
the result is different or if the R-squared value gets higher. Also, dividing the farmers into 
conventional/organic or other management groups may result in different results since the 
conditions differ between the production systems. A further natural step for future research 
would also be to do a cost-benefit analysis on dairy farms investments in animal health, where 
the cost of improving animal health by investments in lowering the BTSCC is compared to 
the benefit from it.   

Conclusions 
The results indicate that investments in animal health play a significant role in the production 
process of dairy farming. The findings suggest that, for dairy farms, improving udder health 
(keeping everything else alike), can play a significant role in achieving an efficient and 
economically rewarding milk production. The actual economic impact of animal health on the 
individual dairy producer, however, depends on which payment system the processor has, 
which differ between countries and regions.  

The model developed in this study can be a useful tool for evidence-based counseling in order 
to help dairy farms become more efficient with the management of mastitis, by lowering the 
BTSCC and improving animal health and the profitability of the farm. The study illustrates 
how the production function will statistically change when animal health is improved. The 
model also provides a basis for future research on the economic effect of animal health.  



12 

References 

Ahmad, M. & Bravo-Ureta, B. (1995). An Econometric Decomposition of Dairy Output 
Growth. American Journal of Agricultural Economics, vol. 77(4), p. 914. 

Alvarez, A. & Arias, C. (2004). Technical efficiency and farm size: a conditional analysis. 
Agricultural Economics, vol. 30(3), pp. 241-250. 

Bar, D., Tauer, L., Bennett, G., González, R., Hertl, J., Schukken, Y., Schulte, H., Welcome, 
F. & Gröhn, Y. (2008). The Cost of Generic Clinical Mastitis in Dairy Cows as Estimated by
Using Dynamic Programming. Journal of Dairy Science, vol. 91(6), pp. 2205-2214.

Bareille, F. & Letort, E. (2018). How do farmers manage their crop biodiversity through 
time? A dynamic acreage allocation model with productive feedback. European Review of 
Agricultural Economics, vol. 45(4), pp.617-639. 

Bennett, R. (1992). The use of ‘economic’ quantitative modelling techniques in livestock 
health and disease-control decision making: a review. Preventive Veterinary Medicine, vol. 
13(1), pp. 63-76. 

Bennett, R., Christiansen, K. & Clifton-Hadley, R. (1999). Preliminary estimates of the 
direct costs associated with endemic diseases of livestock in Great Britain. Preventive 
Veterinary Medicine, vol. 39(3), pp. 155-171. 

Bennett, R. (2003). The ‘Direct Costs’ of Livestock Disease: The Development of a System 
of Models for the Analysis of 30 Endemic Livestock Diseases in Great Britain. Journal of 
Agricultural Economics, vol. 54(1), pp. 55-71. 

Blake, A., Sinclair, M. & Sugiyarto, G. (2003). Quantifying the Impact of Foot and Mouth 
Disease on Tourism and the UK Economy. Tourism Economics, vol. 9(4), pp. 449-465. 

Cao, L., Klijn, N. & Gleeson, T. (2003). Modelling the effects of a temporary loss of export 
markets in case of a foot and mouth disease outbreak in Australia: Preliminary results on costs 
to Australian beef producers and consumers, Australasian Agribusiness Review, University of 
Melbourne, Melbourne School of Land and Environment, vol. 11. 

Carlén, E., Strandberg, E. & Roth, A. (2004). Genetic Parameters for Clinical Mastitis, 
Somatic Cell Score, and Production in the First Three Lactations of Swedish Holstein Cows. 
Journal of Dairy Science, vol. 87(9), pp. 3062-3070. 

Carpentier, A. & Letort, E. (2012). Accounting for heterogeneity in multicrop 
microeconometric models: implications for variable input demand modeling. American 
Journal of Agricultural Economics, vol. 94, pp. 209–224. 

Chi, J., VanLeeuwen, J., Weersink, A. & Keefe, G. (2002). Direct production losses and 
treatment costs from bovine viral diarrhea virus, bovine leukosis virus, Mycobacterium avium 
subspecies paratuberculosis, and Neospora caninum. Preventive Veterinary Medicine, vol. 
55(2), pp. 137-153. 

https://ideas.repec.org/a/ags/auagre/132538.html
https://ideas.repec.org/a/ags/auagre/132538.html
https://ideas.repec.org/a/ags/auagre/132538.html
https://ideas.repec.org/s/ags/auagre.html


13 

Christensen, G. & Miguel, E. (2018). Transparency, Reproducibility, and the Credibility of 
Economics Research. Journal of Economic Literature, vol. 56(3), pp. 920-980. 

Dijkhuzien, A.A. (1992). Modelling animal health economics. Inaugural speech. Wageningen 
Agricultural University, p. 28. 

European Economic Community (1992). Council Directive 92/46/EEC of 16 June 1992 
laying down the health rules for the production and placing on the market of raw milk, heat-
treated milk and milk-based products. Commission Document 39L0046. June 1992. EEC, 
Brussels, Belgium.  

Felipe, J. & Fisher, F.M. (2003) Aggregation in Production Functions: What Applied 
Economists Should Know. Metroeconomica, vol. 54(2-3), pp. 208-262. 

Felipe, J. & Adams, F.G. (2005). A Theory of Production: The Estimation of the Cobb-
Douglas Function: A Retrospective View. Eastern Economic Journal, vol. 31(3), pp. 427-
445. 

General Data Protection Regulation (EU) No 2016/679 of the European Parliament and of the 
Council on the Protection of Natural Persons with Regard to the Processing of Personal Data 
and on the Free Movement of Such Data (GDPR) OJ L 119/1, April 2016. Brussels, Belgium.  

Gregory, A.W. & Veall, M.R. (1984). On formulating wald tests of nonlinear restrictions. 
Working Paper No. 8401, University of Western Ontario, January, 1984. 

Groenendaal, H., Zagmutt, F.J., Patton, E. & Wells, S.J. (2015). Cost-benefit analysis of 
vaccination against Mycobacterium avium ssp. paratuberculosis in dairy cattle, given its 
cross-reactivity with tuberculosis tests. Journal of Dairy Science, vol. 98(9), pp. 6070-6084. 

Hagnestam, C., Emanuelson, U. & Berglund, B. (2007). Yield Losses Associated with 
Clinical Mastitis Occurring in Different Weeks of Lactation. Journal of Dairy Science, vol. 
90(5), pp. 2260-2270.  

Hagnestam-Nielsen, C. & Østergaard, S. (2009). Economic Impact of Clinical Mastitis in a 
Dairy Herd Assessed by Stochastic Simulation using Different Methods to Model Yield 
Losses. Animal, vol. 3(2), pp. 315-328.  

Hagnestam-Nielsen, C., Emanuelson, U., Berglund, B. & Strandberg, E. (2009). Relationship 
between somatic cell count and milk yield in different stages of lactation. Journal of Dairy 
Science, vol. 92(7), pp. 3124-3133. 

Halasa, T., K. Huijps, O. Østerås, & H. Hogeveen, (2007). Economic effects of bovine 
mastitis and mastitis management: a review. Veterinary Quarterly, vol.29, pp. 18-31.   

Halasa, T., Nielen, M., Huirne, R. & Hogeveen, H. (2009). Stochastic bio-economic model of 
bovine intramammary infection. Livestock Science, vol. 124(1-3), pp. 295-305. 

Hamermesh, D. (2007). Viewpoint: Replication in economics. Canadian Journal of 
Economics/Revue Canadienne D'économique, vol. 40(3), pp. 715-733. 



14 

Hansson, H., Szczensa-Rundberg, M. & Nielsen, C. (2010). Which preventive measures 
against mastitis can increase the technical efficiency of dairy farms?. Animal, vol. 5(04), pp. 
632-640.

Holland, J., Hadrich, J., Wolf, C. & Lombard, J. (2015). Economics of Measuring Costs Due 
to Mastitis-Related Milk Loss. Agricultural and Applied Economics Association, 2015 AAEA 
& WAEA Joint Annual Meeting, July 26-28, San Francisco, California, 2015. 

Holtkamp, D.J., Zimmerman, J.K., Yoder, T.L., Wang, C.B., Mowrer, C.F., Kliebenstein, J.E. 
& Haley, C. (2013). Assessment of the economic impact of porcine reproductive and 
respiratory syndrome virus on United States pork producers. Journal of Swine Health and 
Production, vol. 21(2), pp. 72-84. 

Huijps, K., Lam, T. & Hogeveen, H. (2008). Costs of mastitis: facts and perception. Journal 
of Dairy Research, vol. 75(01). 

Huijps, K. & Hogeveen, H. (2007). Stochastic Modelling to Determine the Economic Effects 
of Blanket, Selective, and No Dry Cow Therapy. Journal of Dairy Science, vol. 90(3), pp. 
1225-1234. 

Kossaibati, M. A. & Esslemont, R. J. (1997). The Costs of Production Diseases in Dairy 
Herds in England. The Veterinary Journal, vol. 154(1), pp. 41-51. 

Kleyn, J., Arashi, M., Bekker, A. & Millard, S. (2017). Preliminary testing of the Cobb-
Douglas production function and related inferential issues. Communications in Statistics: 
Simulation and Computation, pp. 469-488. 

Latruffe, L., Balcombe, K., Davidova, S. & Zawalinska, K. (2004) Determinants of Technical 
Efficiency of Crop and Livestock Farms in Poland. Applied Economics, vol. 36(12), pp. 1255-
1263. 

Lucas, R. (1970). Capacity, Overtime, and Empirical Production Functions. American 
Economic Review, pp. 23-27. 

Manevska-Tasevska, G. (2013) Farmers' Knowledge Attributes Contribute to Attaining 
Higher Farm Technical Efficiency: A Transition Economy Case, The Journal of Agricultural 
Education and Extension, vol. 19(1), pp. 7-19. 

McArt, J., Nydam, D. & Overton, M. (2015). Hyperketonemia in early lactation dairy cattle: 
A deterministic estimate of component and total cost per case. Journal of Dairy Science, vol. 
98(3), pp. 2043-2054. 

McInerney, J.P., Howe, K. & Schepers, J. (1992). A framework for the economic analysis of 
disease in farm livestock. Preventive Veterinary Medicine, vol. 13(2), pp. 137-154. 

McInerney, J.P. (1996) Old economics for new problems – livestock disease: Presidential 
address. Agril Econ., vol. 47(3), pp. 295-314. 

Mclnerney, J.P. (1991). Cost-benefit analysis of livestock disease: a simplified look at its 
economic foundations. In Proc. 6th Symposium of the International Society for Veterinary 



15 

Epidemiology and Economics. Ottawa, 12-16 August. Canadian Veterinary Medical 
Association, Ottawa, pp. 149-153. 

Mishra, S. (2010). A Brief History of Production Functions. IUP. Journal of managerial 
Economics, pp. 6-35. 

Nielsen, C., Østergaard, S., Emanuelson, U., Andersson, H., Berglund, B. & Strandberg, E. 
(2010). Economic consequences of mastitis and withdrawal of milk with high somatic cell 
count in Swedish dairy herds. Animal, vol. 4(10), pp. 1758-1770. 

Nielsen, C. (2009). Economic Impact of Mastitis in Dairy Cows. Doctoral Thesis, Faculty of 
Veterinary Medicine and Animal Science Department of Animal Breeding and Genetics, 
Swedish University of Agricultural Sciences, Uppsala.  

Niemi, J., Bergman, P., Ovaska, S., Sevón-Aimonen, M. & Heinonen, M. (2017). Modelling 
the Costs of Postpartum Dysgalactia Syndrome and Locomotory Disorders on Sow 
Productivity and Replacement. Frontiers in Veterinary Science, vol. 4. 

Rollin, E., Dhuyvetter, K.C. & Overton, M.W. (2015). The cost of clinical mastitis in the first 
30 days of lactation: An economic modelling tool. Preventive Veterinary Medicine, vol. 
122(3), pp. 257-264. 

Rushton, J. (2009). The Economics of Animal Health and Production. MPG Books Ltd: UK, 
Bodmin.  

Saha, A.K. & Jain, D.K. (2004).Technical Efficiency of Dairy Farms in Developing 
Countries: A Case Study of Haryana State, India, Indian Journal of Agricultural Economics, 
Bombay, vol. 59(3), pp. 588-599.  

Schepers, J.A. & Dijkhuizen, A.A. (1991). The Economics of Mastitis and Mastitis Control in 
Dairy Cattle - a Critical Aalysis of Estimates Published Since 1970. Preventive Veterinary 
Medicine, vol. 10(3), pp. 213-224. 

Schoenbaum, M. & Disney, W.T. (2003). Modelling alternative mitigation strategies for a 
hypothetical outbreak of foot-and-mouth disease in the United States. Preventive Veterinary 
Medicine, vol. 58(1-2), pp. 25-52. 

Schulz, L. & Tonsor, G. (2015). Assessment of the economic impacts of porcine epidemic 
diarrhea virus in the United States. Journal of Animal Science, vol. 93(11), pp. 5111-5118. 

Seegers, H., Fourichon, C. & Beaudeau, F. (2003). Production Effects Related to Mastitis and 
Mastitis Economics in Dairy Cattle Herds. Veterinary Research, vol. 34(5), pp. 475-491. 

Seegers, H., Fourichon, C. & Beaudeau, F. (2003). Production Effects Related to Mastitis and 
Mastitis Economics in Dairy Cattle Herds. Veterinary Research, vol. 34(5), pp. 475-491. 

Truong, D.B., Goutard, F.L., Bertagnoli, S., Delabouglise, A., Grosbois, V. & Peyre, M. 
(2018). Benefit–Cost Analysis of Foot-and-Mouth Disease Vaccination at the Farm-Level in 
South Vietnam. Frontiers in Veterinary Science, vol. 5(26). 

https://search.proquest.com/pubidlinkhandler/sng/pubtitle/Indian+Journal+of+Agricultural+Economics/$N/46948/OpenView/201562159/$B/4660DEF0DA6646B5PQ/1;jsessionid=4E8847CF593B026037056F8DCF7F36D3.i-0250640a437125623
https://search.proquest.com/indexingvolumeissuelinkhandler/46948/Indian+Journal+of+Agricultural+Economics/02004Y07Y01$23Jul-Sep+2004$3b++Vol.+59+$283$29/59/3;jsessionid=4E8847CF593B026037056F8DCF7F36D3.i-0250640a437125623


16 

Valle P. S., Skjerve E., Martin S.W., Larssen R.B., Østera O. & Nyberg O. (2005). Ten years 
of bovine virus diarrhoea virus (BVDV) control in Norway: a cost-benefit analysis. Prev. vet. 
Med., vol. 72, pp. 189–207. 

Yalcin, C. (2000). Cost of Mastitis in Scottish Dairy Herds with Low and High Subclinical 
Mastitis Problems. Turkish Journal of Veterinary and Animal Sciences, vol. 24(5), pp. 465-
472. 

Yalcin, C., Stott, A.W., Logue, D.N. & Gunn, J. (1999). The Economic Impact of Mastitis 
Control Procedures Used in Scottish Dairy Herds with High Bulk-Tank Somatic Cell Counts. 
Preventive Veterinary Medicine, vol. 41(2/3), pp. 135-149.’ 

Østergaard, S., Chagunda, M., Friggens, N., Bennedsgaard, T. & Klaas, I. (2005). A 
Stochastic Model Simulating Pathogen-Specific Mastitis Control in a Dairy Herd. Journal of 
Dairy Science, vol. 88(12), pp. 4243-4257. 

Internet 

Bergh, A. (2018). Marknadsrapport mjölk och mejeriprodukter utvecklingen till och med 
2018. Jönköping: Jordbruksverket (Rapport) Avaliable: https://www.jordbruksverket.se 
/download/18.114a33071628876461090a02/1522929812136/Marknadsrapport%20mejeri%2
02018.pdf [2018-11-21] 

SCB (Statistiska Centralbyrån) (2018). Inflation i Sverige 1831-2017. Avaliable: 
https://www.scb.se/hitta-statistik/statistik-efter-amne/priser-och-
konsumtion/konsumentprisindex/konsumentprisindex-kpi/pong/tabell-och-
diagram/konsumentprisindex-kpi/inflation-i-sverige/ [2018-10-29] 

Växa Sverige (2018). Husdjursstatistik 2018. Avaliable: 
https://www.vxa.se/globalassets/dokument/statistik/husdjursstatistik-2018.pdf [2018-10-29] 

https://www.scb.se/hitta-statistik/statistik-efter-amne/priser-och-konsumtion/konsumentprisindex/konsumentprisindex-kpi/pong/tabell-och-diagram/konsumentprisindex-kpi/inflation-i-sverige/
https://www.scb.se/hitta-statistik/statistik-efter-amne/priser-och-konsumtion/konsumentprisindex/konsumentprisindex-kpi/pong/tabell-och-diagram/konsumentprisindex-kpi/inflation-i-sverige/
https://www.scb.se/hitta-statistik/statistik-efter-amne/priser-och-konsumtion/konsumentprisindex/konsumentprisindex-kpi/pong/tabell-och-diagram/konsumentprisindex-kpi/inflation-i-sverige/
https://www.vxa.se/globalassets/dokument/statistik/husdjursstatistik-2018.pdf

	1 Introduction
	1.2 Problem
	1.3 Aim and research question
	1.4 Contribution and deliminations
	1.5 Outline

	2 Empirical background
	2.1 Swedish dairy production
	2.2 Mastitis
	2.3 Somatic cell count

	3 Theoretical framework and literature review
	3.1 Literature review
	3.1.1 Economic aspects of animal health
	3.1.2 Economic aspects of mastitis

	3.2 Theoretical framework
	3.2.1 Production economics
	3.2.2 Animal health economics

	3.3 Theoretical summary

	4 Method
	4.1 Methodology
	4.2 Material and selection
	4.3 Modelling animal health
	4.4 Empirical models
	4.4.1 Estimation of production function: Cobb-Douglas
	4.4.2 Estimation of production function: Transcendental logarithmic
	4.4.3 Regression analysis
	4.4.4 Hypothesis test

	4.5 Quality criteria for quantitative research
	4.5.1 Reliability
	4.5.2 Validity
	4.5.3 Replicability


	5 Results
	6 Discussion
	6.1 Result discussion
	6.2 Method discussion

	7 Conclusions
	Bibliography
	Literature and publications
	Internet

	Appendix. Article manuscript



