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1.1 Background 

World milk production is predicted to grow by 1.6% per year from 2020 to 2029 to meet market 

demand (OECD-FAO, 2020). However, besides being an important source of nutrition and 

subsistence, milk production is also an important source of greenhouse gas emissions (GHG). 

In Europe, it is estimated that the dairy sector is responsible for 30%-40% of the livestock 

sector’s GHG emissions (Lesschen et al., 2011; Weiss et al., 2012), while it is estimated that 

14.5% of global human-induced GHG emissions is contributed by livestock production (FAO, 

2013; Gerber et al., 2013). Consequently, the environmental pressure of milk production forces 

stakeholders to consider the trade-offs between environmental and economic aspects of dairy 

farming. �

The three main sources of GHG emissions in dairy production are enteric fermentation, feed 

production and manure management (Rotz, 2018; Vellinga et al., 2013). Strategies to reduce 

GHG emissions typically focus on these sources through specialized disciplines such as animal 

nutrition and animal breeding, feed production, and manure management technology (e.g., De 

Vries et al., 2012; Ellis et al., 2008; Wall et al., 2010). Besides approaches aimed at nutrition, 

breeding, feed production and manure management, GHG emissions are also affected by dairy 

cattle management. One management strategy to mitigate GHG emissions is by increasing dairy 

cow longevity. With an increased dairy cow longevity, less replacement animals need to be 

reared which is saving in GHG emissions. Dairy cow longevity is usually defined by the total 

lifespan of an animal from birth to culling, or by the duration of its productive life from first 

calving and culling (Vacek et al., 2006). Other measures of longevity are also used, such as 

average lifetime milk production and culling rate (Schuster et al., 2020).  �

Extending longevity may also improve the profitability of dairy production (Grandl et al., 2019), 

as rearing a lower number of replacement animals reduces the costs for replacement animals. 

Moreover, with an increased longevity, the proportion of multiparous cows within the herd 

increases, which will lead to a higher average milk production per cow per year, because 

multiparous animals have a higher milk yield than primiparous cows. Moreover, an increased 

longevity is perceived by society as a relevant indicator of animal welfare (Bruijnis et al., 2013). 

Good feeding, housing and health, and circumstances that allow for appropriate behaviour are 

important aspects that contribute to animal welfare (Welfare Quality®, 2009). A good longevity 

performance is an indicator of good farm management on those aspects. Currently, the average 

lifespan of dairy cows is about 5.8 years in the Netherlands (Kulkarni et al., 2023). In practise, 
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the maximum lifespan of dairy cows can reach 11 years under production circumstances 

(Kulkarni et al., 2023), suggesting opportunities to extend dairy cow longevity.�

1.2 Consequences of extending dairy cow longevity �

Longevity is an important trait for the profitability of dairy production (Allaire et al., 1992; 

Pritchard et al., 2013). In the Netherlands, as in most high milk producing countries, a farmer’s 

decision to cull a dairy cow is largely driven by economic considerations (Demeter et al., 2011). 

A cow will be culled, based on a comparison of the expected performance of the present cow 

(based on her observed productive performance, reproduction and health status) with the 

expected future performance of an available replacement animal. Increased dairy cow longevity 

can reduce the costs of rearing youngstock due to a lower replacement rate, while producing 

the same amount of output (Brickell et al., 2011; Kelleher et al., 2015; Pritchard et al., 2013). 

Furthermore, because mature cows produce more milk than young cows, increased longevity 

can also improve the total milk production of the herd (Allaire et al.,1992; Brickell et al., 2011; 

Vanraden et al., 1995). Although extending cattle longevity can bring economic benefit, it may 

also lead to increased milk losses and higher costs. As the longevity of cows increases, the 

proportion of cows with greater parity in a herd also rises, which can result in a higher likelihood 

of health issues in the herd and consequently higher costs for disease treatments due to a higher 

risk of disease. Several studies have indicated a strong association between health disorders and 

parity (Lean et al., 2023; Lee et al., 2006). Finally, since the number of lactations (parity) 

increases, the difficulty of conception also increases (Rearte et al., 2018), which can lead to 

reduced milk production efficiency in older cows.�

Extending cattle longevity does not only affect herd profitability, it can also reduce the GHG 

emissions of dairy farming due to a lower demand for replacement animals (Kok et al., 2017; 

Lehmann et al., 2014). Rearing replacement animals takes two years, during which heifers 

consume feed and contribute to GHG emissions, without any production. Moreover, an 

increased herd milk yield in case of an older herd could mitigate the GHG emissions per unit 

milk produced (Zehetmeier et al., 2012). At the same time, an older herd implies increased  

disease incidence rates, which could increase GHG emissions (Mostert, 2018). �

It is unknown whether the advantages of increasing the longevity of dairy cows outweigh the 

disadvantages, either from an economic or environmental perspective. Furthermore, there is a 
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lack of research on the trade-offs between economic and environmental consequences resulting 

from extending the lifespan of dairy cows.�

1.3 Managing dairy cow longevity 

Culling of dairy cows is often described as being voluntary or involuntary. Involuntary culling, 

or unexpected mortality, is not subject to farmer decision making and is difficult to avoid. Given 

this definition, most of the culling is voluntary and thus subject to farm management. The main 

reasons for voluntary culling of dairy cows are subfertility, health problems, and low milk 

production (Dallago et al., 2021; Haine et al., 2017). Specifically, poor fertility, mastitis and 

claw disorders are the main culling reasons in the Netherlands (Compton et al., 2017; A. De 

Vries et al., 2020; Zijlstra et al., 2020). Strong associations between reproductive performance 

and dairy cow longevity have been published (e.g., Charfeddine et al., 2017; Sewalem et al., 

2008). Moreover, strong associations between dairy cow health and longevity have been 

published. For instance regarding mastitis (e.g., Hu et al., 2021; Neerhof et al., 2000) and 

lameness (e.g.,Bruijnis et al., 2013). Culling decisions are primarily driven by economic 

considerations based on herd characteristics, including intrinsic cow factors such as milk 

production level, health status and reproduction status, and extrinsic factors such as the 

availability of replacement heifers, number of cow-places and milk price (Alvåsen et al., 2018). 

Although many of the intrinsic and extrinsic factors regarding voluntary culling have been 

identified, little is known about the impact of herd management practices such as young stock 

rearing, health management, and reproduction management on dairy cow longevity, and the 

related GHG emissions and economic efficiency (Smith et al., 2000). In addition, numerous 

studies have evaluated the economic and/or environmental impact of subfertility and health 

disorders at individual cow level (e.g., Bell et al., 2010; Mostert, 2018; Zehetmeier et al., 2012). 

Impact at cow level can differ from the impact at herd level. For instance, at the cow level, the 

consequence of a cow getting sick is a reduction in milk production and costs for treatment, 

while at the herd level, it may be a lower availability of newborn calves and a higher demand 

of replacement cows due to a higher probability of culling. The tradeoffs between economic 

and environmental consequences at herd level of increasing cow longevity through 

management are rarely studied. In order to see the potential economic and environmental 

impact of a change in longevity management, information about the association of dairy 

management and longevity would be useful. �
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1.4 Aim

The aim of this thesis is to evaluate the economic and environmental impacts of dairy farm 

management practices related to dairy cow longevity. Based on this objective the following 

specific subobjectives have been derived:�

• Evaluate the association of herd characteristics with dairy cattle longevity;�

• Evaluate the association of dairy cattle longevity with farm gross margin;�

• Evaluate the association of dairy cattle longevity with farm level technical 

inefficiency of milk production;�

• Quantify the impact of reproduction management decisions on dairy cow longevity, 

herd profitability and GHG emissions;�

• Quantify the impact of disease prevention management measures on dairy cow 

longevity, herd profitability and GHG emissions.�

�
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1.5 Outline of the thesis

The outline of the thesis is visualised in Figure 1.1. Chapter 2, 3 and 4 are empirical studies to 

assess the associations of dairy cow longevity with herd performance characteristics and farm 

economic performance. In Chapter 2, the assessed herd performance characteristics included 

indicators on herd structure, youngstock rearing, reproductive performance, health status and 

milk production at herd level, derived from a large data set of Dutch dairy herd performance 

data. In Chapter 3, the association between dairy cow longevity and gross margin was studied 

using longitudinal Dutch accounting data combined with herd performance data. Considering 

the non-monetary costs, such as herd and land size, and the impact of price volatility, the 

economic performance of dairy farms was measured by estimating the technical inefficiency of 

the farms in Chapter 4. It displays the inefficiency score of each input of a dairy farm, as well 

as the association of cattle longevity with farm level input-based technical inefficiency. In order 

to evaluate the causal impact of herd management on extending dairy cow longevity and the 

associated economic and environmental consequences, simulation studies were performed in 

Chapters 5 and 6. Combining the results from previous chapters, reproduction management 

decisions and disease prevention management were applied to extend dairy cow longevity, and 

the associated partial net return and GHG emissions per kg milk were quantified. In Chapter 7, 

the assessed sustainability impacts of dairy farm management practices related to dairy cow 

longevity are integrated, and trade-offs are discussed.�

� �
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Figure 1.1. Outline of the thesis�

�

�

Chapter 7. Discussion�

Chapter 2. Herd performance 
indicators associated with dairy cow 

longevity�

Chapter 3 & 4. Dairy cow 
longevity associated with farm 

economic performance�

Economic and environmental sustainability in relation to dairy cow longevity�

Chapter 5. Generic impact of extending dairy cow longevity by altered reproduction 
on GHG emissions and farm economic performance �

Chapter 6. Generic impact of extending dairy cow longevity by altered disease 
prevention management on GHG emissions and farm economic performance �
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Producing dairy products�
(n = 30 herds)�

High milk price�
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Extreme heifer ratios�
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Obtaining balanced dataset�
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�Descriptive statistics on variable costs, revenues and gross margin (in €/ 100 kg milk) 
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4.1 Abstract
Prolonging dairy cattle longevity is regarded as one of the options to contribute to a more 

sustainable milk production. Cattle longevity is a direct result from culling decisions, which is 

primarily driven by economic considerations. As a consequence, at the herd level, cattle 

longevity can have effects on the efficiency of dairy production. This study investigates the 

technical inefficiency of dairy input, and its association with cattle longevity under Dutch 

commercial dairy production conditions, using a two-stage data envelopment analysis (DEA) 

approach. First, the technical inefficiency of capital, labor, land, seed & crop protection 

expenses, veterinary services, livestock purchase & services, feed purchase, miscellanea, 

livestock units and total input on total farm revenues was computed using DEA. Secondly, a 

bootstrap truncated regression analysis was applied to identify the association of cattle 

longevity with the evaluated input-specific and total input scores for technical inefficiency. Data 

were compiled from performance and accountancy records of 1,037 commercial Dutch dairy 

herds over the period of 2007 to 2014. In general, Dutch dairy farms displayed a relatively good 

overall technical efficiency, represented by an average inefficiency score of 0.09. The economic 

benefit of extending cattle longevity was evidenced by the negative association of cattle 

longevity with total input inefficiency. Of the evaluated inputs, the utilization of livestock units 

and feed was most efficient, with inefficiency scores below 0.26. This contrasts with the poor 

input efficiency of capital and livestock purchase & services with inefficiency scores around 

0.52. Although the strength of the evaluated associations was generally low, the regression 

results illustrated that, except for labor, the age of culled cows was significantly negatively 

associated (P < 0.05) with each of the input inefficiencies. This contrasts with the significant 

associations of input inefficiencies with lifetime milk production, which were mostly positive. 

Since lifetime milk production is driven by length of cattle lifespan in combination with 

production level of the cows, the reverse direction of the associations with the two longevity 

indices illustrates that prolonging cattle longevity can improve efficiency performance of a 

dairy farm as long as the milk yield per cow remains unchanged.�

�

�
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4.2 Introduction

Longevity of a dairy herd is reflected by the average age at which cows in the herd are culled  

(Alvåsen et al., 2018; Schuster et al., 2020). In the Netherlands, the average age of culled dairy 

cows is 5.9 years (CRV, 2019; Van Pelt et al., 2015)�������������������������������������������

���������������������������������������������(De Vries, 2013)� Therefore, increased longevity is 

perceived by society as a relevant indicator of animal welfare (Bruijnis et al., 2013).�����������

����������� ������ ������� ���������� ��� ���� ��� ���� ���������� �������� ��� ����������� ��� �� �����

���������������������������� (Alvåsen et al., 2018; Schuster et al., 2020)����� �������������

��������������������������������� (Grandl et al., 2019).�

Within a commercial dairy herd, cattle longevity directly results from culling decision, which 

are primarily driven by economic considerations, by comparing the expected performance of 

present cows with the expected future performance of the available replacement cows. In the 

last two decades, technical efficiency has been widely used to measure the economic 

performance of dairy farms (e.g., Oude Lansink et al., 2015; Skevas et al., 2018). Unlike 

accounting analysis (Vredenberg et al., 2021), technical efficiency analysis is able to consider 

monetary as well as non-monetary inputs and outputs such as herd and land size and minimizes 

the impact of price volatility on farm’s inputs and outputs (Timothy J. Coelli et al., 2005). A 

farm is technical efficient if it produces a maximum output (total farm revenues) with a 

minimum amount of inputs, such as labor, feed and equipment. Dairy farmers have greater 

autonomy to adjust the expenses on inputs rather than on output. Therefore, it is crucial for a 

dairy farm to promote the efficiency of inputs expenses. One of the options to adjust expenses 

on inputs is to prolong the longevity of dairy cattle, because that reduces the need for young 

stock and, therefore, reduces the need for inputs. To date, only a limited number of studies have 

been conducted on the association of prolonged cattle longevity on farm efficiency (e.g., Ali, 

2021; Kovács et al., 2011). More specifically, insights on the association between longevity and 

the efficiency of input specific use (e.g., the use of feed and labor) are lacking. The association 

of a prolonged cattle longevity with a farm’s technical efficiency is expected to vary with the 

type of input resource used. As increased longevity could reduce costs associated with the 

rearing of replacement heifers and increase average herd milk production due to an increase in 
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higher producing age groups (Lush et al., 1950; Vredenberg et al., 2021), but at the same time 

could also result in increased health and reproduction problems (Hu et al., 2021). In the total 

input technical score of a dairy farm, these potential opposing impacts might cancel each other 

out. These trade-offs between positive and negative impacts of longevity on farm efficiency 

make it difficult to advise farmers in their cattle longevity management. Insight in the 

association between dairy farm longevity and input-specific technical efficiency is, therefore, 

useful.  �

The objectives of this study was therefore (i) to measure the total input and input-specific 

technical inefficiency of dairy farms and (ii) to explore the association of cattle longevity with 

technical inefficiency under Dutch production conditions. 

4.3 Materials and Methods 

��� �������� ���� ���������� ������������ ����� ������������ ��������� ������ ���� ��������� ���

�������� ��������������������������������� ���������� ������������ ����������������� ������������

��������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

Methodology 

Input-Specific DEA model

��������������������������������������������������������������������������������������������

�����;�������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������

������ comparing the level of inputs and outputs (Boussofiane et al., 1991; Charnes et al., 

1997). The best levels of inputs and outputs among those DMUs are located on the so-called 

efficient frontier. In this study, we consider 𝑖𝑖𝑖𝑖  (𝑖𝑖𝑖𝑖 =1,...,N) farms (or DMUs), employing a 
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number of variable and quasi-fixed inputs (X) �  to produce a single output Y. Under the 

assumption that returns to scale are variable (VRS) � , the production technology T is 

characterized by the input requirement set:�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � T(𝑦𝑦𝑦𝑦)  =  {(𝑥𝑥𝑥𝑥,𝑦𝑦𝑦𝑦)}� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����

������������������������� �

� � � � � � � � � � � � � � � � � � � � � � � � � � � T(𝑦𝑦𝑦𝑦)  =  {(𝑥𝑥𝑥𝑥: Y′𝜆𝜆𝜆𝜆 ≥ 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖, X′𝜆𝜆𝜆𝜆 ≤ 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖 , L′𝜆𝜆𝜆𝜆 = 1, 𝜆𝜆𝜆𝜆 ≥ 0}� � � � � � � � � � � � �
����
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��������������i������������������������������������� 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖� ������������������������������i�� 𝜆𝜆𝜆𝜆� ��������
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���������� ���� ����������� ��� ���� ����������� ������������ �� ������������ ��������� ��������� ����

������������������������������������������������������������������������� ������ ���������������

��������������������� and using the same quantity of other inputs (Oude Lansink, 2002; Oude 

Lansink et al., 2004)���������������������������������������������������������������������������

�����������������������������������������������������������������������������������������������

gx������������������������������������������(Chambers et al., 1998)��Within this function,�gx���������

�������������������������������������������� ���������This input oriented method satisfies the 

condition that a farmer has limited capacity to increase the amount of milk production under a 

milk quota regimen, as was the case in the Netherlands during the reflected period of 2007-

2014. ��� ��������� ���� ���������������� ������������� ������� �θ�� ����� ����������� ��� �� ���������

�������������������������������������������������������������������������������������������

����������������������������������������

 
� �������������������������������������������������������������������������������������������
�������������������������������������������������������������������
� ��������������������������������������������������������������������������������������������
��������������������������� 
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� � � � � � � � � � � � � � � � � � � � � D⃗⃗ (𝑥𝑥𝑥𝑥, 𝑦𝑦𝑦𝑦;  𝑔𝑔𝑔𝑔𝑥𝑥𝑥𝑥) =  max{𝜃𝜃𝜃𝜃 |(𝑥𝑥𝑥𝑥 − 𝜃𝜃𝜃𝜃𝑔𝑔𝑔𝑔𝑥𝑥𝑥𝑥) ϵ T(𝑦𝑦𝑦𝑦)}             � � � � � � � � � � � � � � � � � � �

����

�����������������������𝜃𝜃𝜃𝜃) �����������������������������������������������������������������������
������������������������������������������������������������������������������������������

� � � � � � � � � � � � � � � � � � � � � � � � � D⃗⃗ (𝑥𝑥𝑥𝑥, 𝑦𝑦𝑦𝑦; 𝑔𝑔𝑔𝑔𝑥𝑥𝑥𝑥|VRS) = max 𝜃𝜃𝜃𝜃               � � � � � � � � � � � � � � � � � � � � � � � � � � �

����

� � �����������

∑𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖Y ≥
N

i=1
 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖                                                                                (5)�

∑𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖X ≤
N

i=1
 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖 –  𝜃𝜃𝜃𝜃𝑔𝑔𝑔𝑔𝑥𝑥𝑥𝑥                                                                    (6)�

∑𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖  = 1
N

i=1
                                                                               (7)�

𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖  ≥ 0                                                                               (8)�

The inefficiency scores (𝜃𝜃𝜃𝜃) range from 0 to 1, where a value of 0 represents a fully efficient 

farmer, located on the efficient frontier. In order to capture the different farm conditions across 

time ������������������������������������������������������������������������������������������

����� ����� ����������� ��� �������� ���� ������� ������������ ��� ���� ����������� ������������

Consequently, the inefficiency scores (𝜃𝜃𝜃𝜃) were obtained for each input and each year.�

Truncated bootstrap regression 

��� ���������� ���������� ����� ���� ������������� ������� � 𝜃𝜃𝜃𝜃) �� ���������� ���������� �����������
�������������� ����������������� �������������������������� ��������������� ����� �������������

�������� ����� ������������������������� ��������� ����������� ���� ������ ������ ���� ����� ������

����������������������������������������������������������������

𝜃𝜃𝜃𝜃 =  𝛼𝛼𝛼𝛼𝛼𝛼𝛼𝛼 +  𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾 +  𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽 + 𝜀𝜀𝜀𝜀                                                                (9)�
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������ 𝜃𝜃𝜃𝜃� ���������������������������������������������������������������������� 𝜃𝜃𝜃𝜃� �������������

���������������������������������������������������������� 𝐼𝐼𝐼𝐼� �����������������������������������

���� 𝛼𝛼𝛼𝛼 � �������� ���� ���������� ���� ���� ����������� 𝑇𝑇𝑇𝑇 � �������� ���� ������������� ����� �����
�������������������������������������������������������������������������������������������������

���� 𝛾𝛾𝛾𝛾 � �������� ���� �������������� ������� ��� ������������ 𝑍𝑍𝑍𝑍 � �������� ���� ������� ��� �����

characteristics (Table 4.2), among which we find cows’ longev��������� 𝛽𝛽𝛽𝛽� �������������������

������������������������������ 𝜀𝜀𝜀𝜀� ������������������������ �

Since the input-specific inefficiency score for a farm was defined relative to the frontier 

representing the best practice, estimated DEA inefficiency scores are serially correlated. As this 

violates the basic assumption of independence within sample values, the direct use of the 

estimated scores in a regression analysis to evaluate differences in efficiency among farmers in 

relation to longevity could result in invalid interpretations. In order to overcome this difficulty, 

a single truncated bootstrap regression (Simar et al., 2007) was applied. �����������������������

������� 𝜃𝜃𝜃𝜃� �������� ����� ���� ������������������������������ ����� ��� ������ 𝛽𝛽𝛽𝛽� ���� ���������

𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀  �����������������������������������������������������������������������������������������

�������������������� �𝛽𝛽𝛽𝛽∗� 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀∗��� ��������� ����������������� ������������������ ���������������� ����

������ ����� 𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖 � ���� �������� ��� ��� ����� ��� 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2�� ������������������ ���������������� ��� ��� 𝛽𝛽𝛽𝛽𝑍𝑍𝑍𝑍���
������������������� ����������� 𝜃𝜃𝜃𝜃𝑖𝑖𝑖𝑖∗� ����������������� 𝜃𝜃𝜃𝜃𝑖𝑖𝑖𝑖∗ =� 𝛼𝛼𝛼𝛼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖  +  𝛾𝛾𝛾𝛾𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖  + 𝛽𝛽𝛽𝛽𝑍𝑍𝑍𝑍𝑖𝑖𝑖𝑖  + 𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖��������������

�����������𝛽𝛽𝛽𝛽∗� 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀∗��������������������������������������������������������� 𝜃𝜃𝜃𝜃𝑖𝑖𝑖𝑖∗� ��� 𝑍𝑍𝑍𝑍𝑖𝑖𝑖𝑖����������

����������� ���������� ����������� ������ ������ ��� ���������� ������������� ������ ������������

������������������������������������������������������������������������������������������������

���� �������������������� �������������� ��������������� ������������������������������������������

������������������� �

Available Data 

Annual farm accountancy data provided by a Dutch accounting agency (Flynth, Arnhem, the 

Netherlands) was merged with herd characteristics data derived from the Cattle Improvement 

Cooperative (CRV, Arnhem, the Netherlands) with consent of their associated farmers. Data 

was anonymized so that we could not trace it back to individual farmers. A contract between 

the data providers and the university guaranteed proper data management procedures. The 
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resulting dataset consisted of comprehensive data with information on 2,362 herds over the 

period 2007 to 2014. The economic performance of the herds was indicated by accountancy 

data on total revenues, quasi-fixed costs and variable costs. The data on herd characteristics 

covered information on cattle longevity, production intensity, herd size and general farm 

characteristics (e.g., heifer ratio).�

Data Editing

To ensure that the analysis was representative of commercial dairy milk production 

circumstances, farms included in the analysis needed to adhere to the following five conditions: 

continuous farming throughout all evaluated years, > 75% of the total revenue stems from milk 

sales, no by-product revenue from milk processing (e.g., farmhouse cheese production), no 

organic farming, and a dairy herd size ≥30 cows. After enforcing these conditions, 7,782 herd-

year observations from 1,036 herds with complete information were kept for further analysis.�

One output and nine input sources were defined for the technical efficiency analyses. Output 

(Y) was reflected by the indicated total farm revenue (€), which was deflated by a Tornqvist 

index based on the reference year of 2010. Total farm revenue was an aggregate of milk revenue, 

meat revenue and revenue generated from feed sales. The selected inputs Xi  (i = 1, . . . .9 ) 

included i) capital as reflected by the balance sheet values collected ��������������������������

�����������������������������for farm buildings and machinery, ii) labor including family and 

hired labor as indicated by the number of full-time employees (FTE), iii) land as measured by 

the area used for production, iv) seed & crop protection expenses, indicating expenses of seed 

and crop protection and fertilizer; v) veterinary services, containing the expenses for veterinary 

services, artificial insemination, breeding and control, AI breeding & milk production recording 

and embryo transplantation; vi) livestock purchase & services, containing expenses for young 

cattle rearing carried out by third parties, livestock purchases and expense of work by third 

parties. As most of Dutch dairy farm rear their own youngstock, the majority of the costs within 

this category is from work by third parties; vii) feed, reflecting expenses of all feed purchases, 

being mainly concentrates purchase; viii) miscellanea comprising expenses for litter and other 

remaining variable costs, and lastly, ix) livestock units containing information on the number 

of cattle kept. Livestock units were calculated based on the livestock reference units as applied 
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by EUROSTAT� . All monetary expenses were expressed in Euro and were deflated using 

individual price indices obtained from EUROSTAT. The descriptive statistics of the selected 

inputs and output variables are displayed in Table 4.1.�

Table 4.1. Descriptive statistics of the selected DEA variables based on the herd data (n=7782) 
from 2007 to 2014 �

�

Cattle longevity is the factor of interest in the second stage of the modelling. Two annually 

(over the production year) averaged indices were selected to measure cattle longevity: age of 

culled milking cows (year) (Z1) and lifetime milk production of culled cows (ton) (Z2). 

According to the definition used by Fetrow et al., (2006), the number of culled cows represented 

milking cows after first calving that were removed from the dairy herd for slaughter, salvage or 

death within a production year. Animals sold for production purposes to other dairy farms were 

excluded from this number. Besides cattle longevity, five covariates were selected as 

explanatory variables based on an expected association with longevity�and farm technical 

inefficiency. These covariates included production intensity (Z3), herd expansion (Z4), heifer 

ratio (Z5) and successor availability (yes/no) (Z6). Since Dutch farms producing on different 

 
3 livestock units = number of milking cows + 0.7 * number of youngstock > 1 year old + 0.4 * 
number of youngstock ≤� ���������� 

Variables� � Mean� SD� Percentile_5� Percentile_95�
Inputs� � � � � �

 capital (€)� � 384,709� 343,745�  65,700 �  1,037,666 �
 labor (FTE)� � 1.88� 0.73�  1.00 �  3.00 �
 land (ha)� � 51� 26�  25 �  93 �
 seed & crop protection 
expenses (€)�

� 12,038� 6,654�  4,640 �  23,844 �

 veterinary service (€)� � 20,575� 9,760�  9,056 �  38,507 �
 livestock purchase & services 
(€)�

� 23,531� 17,560�  5,606 �  52,247 �

 feed (€)� � 66,550� 42,611�  23,418 �  142,976 �
 miscellanea (€)� � 10,249� 5,966�  3,312 �  21,709 �
 livestock units� � 127� 67�  60 �  231 �
Output� � � � � �
 revenue (€)� � 302,193� 167,868� 132,661� 573,205�
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soil types (especially clay vs. sand) differ in milk revenues and costs for purchasing feed 

(Vredenberg et al., 2021), soil type (sand/others) (Z7) was also taking into consideration. 

Production intensity, herd expansion and heifer ratio were derived from the registered data. 

Production intensity indicated the annual average milk production in tons per hectare. Herd 

expansion reflected the ratio of herd size change relative to the reference year 2007. In addition, 

the heifer ratio was calculated by dividing the number of first calving heifers by the number of 

milking cows in a given production year. The descriptive statistics of the selected covariates are 

presented in Table 4.2.�

�

Table 4.2. Descriptive statistics of the selected covariates in the bootstrap truncated regression 
based on the herd data from 2007 to 2014 (n=7782)�
Variables � Mean SD Min Max
age of culled cows (year)� � 5.9� 0.8�  4.7 �  7.4 �
lifetime milk production 
(ton)�

� 31.5� 7.7� 20.2� 45.0�

production intensity 
(ton/ha)�

� 15.2� 4.2� 9.6� 22.3�

herd expansion ratio� � 1.1� 0.2� 1.0� 1.4�
heifer ratio� � 0.23� 0.06� 0.13� 0.33�
� � N obs� � � �
successor� no�  4,880 �
� yes�  2,902 �
soil type� Sandy soil�  5,439 �
� Other soil�  2,343 �
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4.4 Results

Total input and input-specific technical inefficiencies

The annual average inefficiency scores for each of the individual input sources as well as for 

total inputs are displayed in Table 4.3. The generic inefficiency performance of each input is 

arrayed by its corresponding mean value (Table 4.1) and distribution of inefficiency score 

across years (Figure 4.1). In general, total input is rather efficiently used as indicated by the 

average technical inefficiency over the evaluated period of 0.09 (where 0 denotes the best 

achievable efficiency). This means that, on average, farmers can decrease the use of overall 

inputs by only 9% to produce the same amount of output (total farm revenues). Inefficiency 

scores of the specific inputs are higher and vary substantially among each other. The utilization 

of livestock units and feed are the most efficient. Their mean inefficiency scores indicate that, 

on average, by employing the same quantity of other inputs, the same output can be achieved 

by decreasing the use of livestock by 16% or feed by 26%. On the other hand, the inputs of 

capital and livestock purchase & services can, on average, be reduced with 52% and 53%, 

respectively, to achieve the same amount of output, indicating a less efficient use of these inputs. �

Table 4.3. Average annual inefficiency scores for capital, labor, land, seed & crop protection 
expenses, veterinary services, livestock purchase & services, feed, miscellanea, livestock units 
and total inputs. �
� 2007� 2008� 2009� 2010� 2011� 2012� 2013� 2014� Mean1�
capital� 0.45� 0.51� 0.54� 0.55� 0.54� 0.53� 0.50� 0.54� 0.52�
labor� 0.29� 0.34� 0.32� 0.30� 0.30� 0.29� 0.29� 0.33� 0.31�
land� 0.24� 0.28� 0.34� 0.29� 0.26� 0.28� 0.28� 0.27� 0.28�
seed & crop protection 
expenses�

0.36� 0.41� 0.46� 0.41� 0.35� 0.36� 0.35� 0.38� 0.39�

veterinary services� 0.33� 0.36� 0.40� 0.39� 0.37� 0.34� 0.35� 0.38� 0.37�
livestock purchase & 
services�

0.49� 0.57� 0.57� 0.53� 0.53� 0.55� 0.49� 0.52� 0.53�

feed � 0.21� 0.24� 0.36� 0.29� 0.27� 0.26� 0.22� 0.25� 0.26�
miscellanea� 0.39� 0.47� 0.45� 0.45� 0.42� 0.43� 0.38� 0.42� 0.43�
livestock units� 0.14� 0.17� 0.17� 0.16� 0.18� 0.17� 0.15� 0.17� 0.16�
total input� 0.07� 0.09� 0.10� 0.09� 0.09� 0.09� 0.08� 0.09� 0.09�

1 Mean value of each input-specific inefficiency score over evaluated period (2007-2014)�
�
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In order to present the distribution of input-based efficiency performance, a density plot was 

used to show the probability density function of each input inefficiency score over the evaluated 

period (Figure 4.1). Since input inefficiency scores within the population of evaluated farmers 

display a bimodal distribution, the degree of the bimodal spread of values is not observed when 

solely looking at the mean inefficiency score. The peaks of a density plot helps to display where 

the modes of the population are situated along the inefficiency interval (Figure 4.1). As a sizable 

number of farms lay on the efficient frontier for the individual inputs, all density curves show 

a peak at 0. However, the different input-specific inefficiencies vary considerably in the 

distribution for values larger than 0 (i.e., more inefficient farms). For example, the second mode 

for the inefficiency scores for livestock units lays around 0.24, whereas, this value for capital 

and livestock purchase & services lays around 0.87. This means that farmers are relatively 

comparable in their managerial performance per livestock unit, but that for other inputs, such 

as capital, the sample can be differentiated into farms that are very efficient and farms that are 

less efficient. �

Figure 4.1. Density plot reflecting the inefficiency score distribution of the individual input 

factors and overall input over years�
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Determinants of technical inefficiency 

The results of the bootstrap truncated regression analysis are depicted in Tables 4.4 and 4.5 

corresponding to the models including culled cows age or lifetime milk production as longevity 

feature. In order to compare the goodness-of-fit of each models, the tables also provide Akaike 

information criterion (AIC). �

Except for the input labor, age of culled cows is significantly negatively (P< 0.05) associated 

with total input inefficiency and each of the input inefficiencies. However, the association is 

rather weak as indicated by the small values of the coefficients (ranging between -0.004 to -

0.014). For example, the coefficient of age of culled cows on feed inefficiency is -0.007. It 

indicates that one year increase in the age of culled cows is associated with a decrease in the 

inefficiency of feed input by 0.007. Although the degree of association is very small, the results 

reveal that cattle longevity is associated with slightly better total input and input specific 

efficiency. �

Similarly, the coefficient of the covariate production intensity displays significant (P<0.01) 

negative relationships with each input inefficiency score, ranging from -0.003 to -0.022. �

In addition, heifer ratio is positively associated (P<0.1) with total input and most of the input 

specific inefficiencies, except for labor, land and livestock units. Herd expansion is only 

negatively associated with seed & crop protection expenses, miscellanea and feed inefficiency. 

Interestingly, for farms with a successor, the coefficients illustrate positive associations with 

total input and each of the input inefficiencies compared to farms without successor. In addition, 

farms with another type of soil other than sand undermine the utilization of agriculture area 

(positive association).�

In the models regarding lifetime milk production as longevity index, lifetime milk production 

was significantly (P <0.05) associated with the inefficiency of labor, land, veterinary service, 

livestock units and total input. While the technical efficiency of total input was negatively 

associated with lifetime milk production, most of the significant input specific inefficiencies 

(labor, land, veterinary service) disclosed a positive relationships with lifetime milk production, 

except for the input livestock units. The association of other covariates (availability of successor, 
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soil type, production intensity, herd expansion, heifer ratio) with each of the inputs inefficiency 

displayed similar results as in the model expressing longevity by the age of culled cow index. �
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4.5 Discussion

Over the last decade, several studies have explored the overall technical efficiency performance 

of Dutch dairy farms (e.g., Kovács et al., 2011; Steeneveld et al., 2012). These studies indicated 

that Dutch dairy farms, in general, perform rather efficient in overall input usage which is 

similar as the inefficiency score of total input around 0.09 obtained from this study. However, 

inputs of a farm are comprised of several components, such as feed and health expenses, which 

are managed differently by farmers. Hence, the impact of prolonging cattle longevity can be 

different due to different inputs inefficiency. Since the overall technical efficiency performance 

of a dairy farm is not simply the summation of inputs specific efficiency performance, the 

utilization level of these individual inputs can hardly be derived from the overall technical 

efficiency performance, and vice versa. In this study, the combination of elaborate databases 

including the accountancy and longevity performance of commercial Dutch dairy farm 

provided a possibility to get insight into the technical efficiency of each input and determinants 

of input-based inefficiency.�

Capital and livestock purchases & services had the highest technical inefficiency scores. In the 

density plots of inefficiency score distribution, a strong bimodal nature of those two inputs 

reveals that two different populations of farmers may underly the analysis. That means the farms 

are either very efficient or very inefficient in relation to capital and livestock purchases & 

services expenses. The covariates availability of a successor and heifer ratio could partially 

explain the inefficiency of capital and livestock purchase & services expenses given the 

regression results in the second stage of our research. Firstly, a farm with a potential successor 

aims to continue the business and/or may have a stronger educational background, which is 

more likely to result in innovative investments to better cope with future changes in the 

production condition (Mohd Suhaimi et al., 2017). Therefore, innovative investments in 

buildings and equipment could explain the difference in input inefficiencies between farms with 

and without a successor. Additional data exploration also reveals that the average capital differs 

among these two groups. Secondly, introduction of heifers to replace the culled cows involve 

large costs (Mohd Nor et al., 2015), contributing around 20% to the overall expenditure on a 

dairy farm (Heinrichs, 1996). Farmers only start to earn back these costs when the net revenues 
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realized from the milk production by the replacement animal cover the costs accrued during the 

rearing period. Previous research highlights that the costs of rearing a replacement heifer are 

not recovered until their second lactation (Archer et al., 2013). Consequently, farms with a 

higher heifer ratio use most inputs less efficient, i.e. capital, veterinary service, livestock 

purchase & services and miscellanea expenses.�

After capital and livestock purchases & services, the input variable miscellanea (expenditures 

for litter, electricity, water, etc), had the highest inefficiency score. This variable, however, 

represents, only a small amount (7%) of the total variable expenses (Table 4.1). From an 

efficiency point of view, the use of these inputs can be significantly improved, although the 

absolute effect on net returns will be limited. In contrast, the cost of feed, on average, accounts 

for 50% of total variable expenses (Table 4.1) which displayed the highest efficiency 

performance after livestock units utilization.�

������������� ����������������� ����������������������������������������� ��������������������

����������������������������� ������������������ ������������� �������������������������������

��������� ��������� ���� ��������� ��� ������ ��� ���� ����������� ����� ���������� �������� ������

�������������� ������ ������������� ������� ������ ������������ ������� ���������� �������� ������

���������������������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������������

����������������������

The main results from the second stage truncated bootstrap regression indicate the benefit of 

extending cattle longevity for the economic performance of a dairy farm, as shown by the 

negative associations of total inefficiency scores with the two independent longevity indices. 

With regard to the input specific associations with longevity , the average age at culling was 

negatively associated with all input-specific inefficiencies. Although coefficients of those 

associations are small, these results do illustrate the potential benefit of extending the age of 

culling in improving the farm input efficiency performance. In contrast, the associations of 

average lifetime milk production with input-specific inefficiencies were mostly positive. 

Average lifetime milk production only showed a negative association with the inefficient 

utilisation of livestock units. Since lifetime milk production is driven by two elements, i.e. 
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lifespan (culling age) and production level of an individual cow, the opposing associations of 

input-based inefficiency scores with age at culling and lifetime production indicate that 

increasing age at culling could improve farm efficiency performance as long as the milk yield 

at cow level remains unchanged. The positive associations of lifetime milk production with 

veterinary services and labor inefficiency could be related to higher risk of health disorders 

caused by higher milk yields per cow. At the cow level, numerous studies have proven a strong 

association of high milk yield with health and fertility disorders, resulting in increased risk of 

culling (Armengol et al., 2018; Horváth et al., 2017; Pinedo et al., 2010). Since the results of 

the regression model do not indicate a negative impact on veterinary service and labor 

efficiency performance by extending the average culled cow age, the negative impact of 

extending lifetime milk production on veterinary service and labor efficiency could be mainly 

due to the stronger association with the milk production level of individual cows.�

The negative association of livestock units with both longevity indices illustrates that extending 

lifespan of a dairy cow or increasing lifetime milk production per cow can achieve better 

livestock units efficiency. Since the variable livestock units represents cows from two age 

groups, viz. youngstock (before 1st calving) and milking cows, the negative associations are 

mainly based on the milk production of the group of dairy cows. With an increased culling age, 

the relative contribution of the number of dairy cows to the total number of livestock units on 

a farm increases, leading to a higher total milk production on the farm. In the case of the 

extended lifetime production, the increase in livestock unit performance directly results from 

an increased milk production per cow.�

Cattle longevity is often seen as one of the possibilities to reduce the environmental footprint 

of dairy production (Alvåsen et al., 2018; Schuster et al., 2020)���������������������������������

����� ��� ��� ��������� ���� �� ����� ��� ����� ����� �� ������� ���������� �������� ��������� ���������

���������������������������������������������������������������������
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4.6 Conclusion

Despite, the relatively good overall technical efficiency of Dutch dairy farms, the efficiency 

performance varied for different inputs. Capital and livestock purchase & services expenses 

displayed poor efficiency performance. Overall technical inefficiency was negatively 

associated with longevity illustrating the potential economic benefit of extending cattle 

longevity. For associations of longevity with each input-based inefficiency score, except for 

score of labor, age of culled cows was significantly negatively associated with each of the input 

inefficiencies. In contrast, the significant associations of input inefficiencies with lifetime milk 

production were mostly positive. Since lifetime milk production is driven by length of cattle 

lifespan and individual cow production intensity, this reverse direction of associations of 

inefficiency scores with two longevity indices indicated that extending the cow age at culling 

may lead to improved economic performance of dairy farms as long as the milk yield at cow 

level remains unchanged.
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Prolonging dairy cattle longevity is regarded as one of the options to contribute to a more 

sustainable milk production. Since subfertility is one of the main reasons for culling, this study 

investigates how adjustments in reproduction management affect partial net return at herd level 

and greenhouse gas emissions per unit of milk, using a dynamic stochastic simulation model. 

The effects of reproduction decisions that extend cattle longevity on milk yield, calving interval 

and conception rate were derived from actual performance of commercial dairy cows over 

multiple lactations. The model simulated lactations, calving and health status events of 

individual cows for herds of 100 cows. Evaluated scenarios differed in the maximum number 

of consecutive artificial insemination (AI) attempts (4, 5 or 6 services), or the production 

threshold at which subfertile cows are culled (20, 15, or 10 kg milk per day). Annual partial net 

return was computed from revenues from sold milk, calves and culled cows, and the costs from 

feed consumption, rearing replacement heifers, AI services and treatment for clinical mastitis 

and lameness. Greenhouse gas emissions were computed using a life cycle approach. Average 

age at culling increased with an increased maximum number of AI services. The change was 

larger when going from a maximum of 4 to 5 AI attempts (108 days) than from a maximum of 

5 to 6 attempts (47 days). Similarly, the average age of culled cows increased from 1,968 to 

2,040 and 2,132 days when the subfertility culling standard decreased from 20, to 15 and 10 kg 

milk per day, respectively. Average annual partial net return increased from €165,850 at a 

maximum of 4 AIs to €167,670 at a maximum of 6 AIs, and increased from €161,210 at a 

subfertility culling threshold of 10 kg/day to €168,190 at a threshold of 20 kg/day. Greenhouse 

gas emissions decreased with an increased maximum number of AIs from 0.926 to 0.915 kg 

CO2 equivalents per kg fat-and-protein-corrected milk (FPCM) at maximum 4 or 6 AIs 

respectively, while they increased from 0.926 kg at a threshold of subfertility culling of 20 

kg/day to 0.928 kg CO2 equivalents per kg FPCM at a threshold of 10 kg/day. Although lower 

subfertility culling standards has the potential to extend cattle longevity more than increasing 

the maximum number of AI services, only the latter benefits a farm’s partial net return, while 

mitigating greenhouse gas emissions. �
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On commercial dairy farms, subfertility is one of the primary reasons for culling cows, in 

addition to health disorders and low milk production (Dallago et al., 2021; Zijlstra et al., 2020). 

Farmers’ reproduction management involves decisions rules on the maximum number of 

artificial insemination (AI) attempts to get cows pregnant, as well as the production threshold 

below which cows that did not conceive after those maximum AI attempts are culled. Easing 

these reproduction management decision rules, will reduce culling for subfertility reasons and 

prolong the lactation period of subfertile cows, thereby increasing the average age at culling. �

The average lifespan of a dairy cow in the Netherlands is around 5.8 years, with a range of 4.9 

to 7.1 years across farms (Han et al., 2022), considerably shorter than the natural lifespan of 

dairy cows of approximately 20 years (De Vries et al., 2020). Prolonging the lifespan of dairy 

cattle could contribute to more sustainable milk production, from an economic, an 

environmental as well as a social perspective (Han et al., 2022; Schuster et al., 2020). �

Extending cattle longevity through changes in reproductive decisions will inevitably affect farm 

profitability and greenhouse gas (GHG) emissions. A lower culling rate will reduce the demand 

for replacement heifers, reducing the associated rearing costs and GHG emissions. In addition, 

the milk yield of a herd might increase when longevity increases. Reduced subfertility culling 

increases the proportion of multiparous cows in a herd. Multiparous cows usually produce more 

milk than primiparous cows (Neave et al., 2017; Walter et al., 2022), resulting in a lower GHG 

emission per kg milk produced. However, the yield increase due to more multiparous cows may 

not offset the amount of milk loss due to higher disease risk for older cows. In addition, more 

AIs will directly increase AI costs, while a higher disease risk for older cows may increase both 

treatment costs and milk losses. The trade-offs between positive and negative impacts of 

extending longevity on farm economic and environmental performance make it difficult to 

advise on optimal longevity. �

The objective of this paper is to explore the effect of extending cattle longevity by assessing 

how different reproduction management decisions affect technical and economic results at herd 

level, and GHG emissions per unit of milk, using a dynamic stochastic simulation model. �
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�

Figure 5.1. Schematic representation of the simulation model reflecting the processes at cow 
level per cow place. Stochastics events are marked with an asterisk.�

�

This study used an adapted version of the bio-economic simulation model by Kok et al. (2017), 

developed to stochastically simulate Dutch dairy herds of 100 cows to evaluate the impact of 

varying dry period lengths. This model simulated individual lactations and calving intervals, 

while accounting for culling, either for fertility reasons or for other reasons (i.e. general culling). 

Model output was defined by partial cash flow and GHG emissions per herd per unit of fat-

protein-corrected milk (FPCM). To compute GHG emissions from ‘cradle to farm gate’, a life 

cycle approach was applied, which also accounts for the production of meat from surplus calves 
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and culled cows, assuming that it substituted other meat on the basis of edible product, thus 

avoiding additional GHG emissions from meat production elsewhere.�

To evaluate the economic and environmental impact of alternative reproduction management 

strategies, the herd simulation model of Kok et al. (2017) was modified. First, reproduction 

performance of a dairy farm including the timing and success of AI and the resulting calving 

interval were taken into account. Second, disease categories were added to account for the 

impact of clinical mastitis and lameness and the probability of disease was adjusted for time 

present in the herd. Third, lactation curve parameters were updated, and milk production losses 

and discarded milk due to lameness and clinical mastitis were accounted for. Fourth, the model 

parameters associated with the growth of first and second parity cows were modified to account 

for the increase in lactation length. Fifth, costs for AI and treatments for clinical mastitis or 

lameness were added (see Figure 5.1). �

The adapted herd simulation model was used to evaluate the impact of strategies defined by 

alternative reproduction management decision rules. In the default scenario, cows were 

inseminated a maximum of 4 times before being considered for subfertility culling. These 

subfertile cows were culled when their milk yield dropped below a threshold of 15 kg/day. This 

default scenario was set to reflect typical reproduction management practices in Dutch dairy 

herds (Rutten et al., 2014). Alternative strategies were set by either increasing the maximum 

number of consecutive AI attempts per cow to 5 or 6 times, or modifying the subfertility culling 

threshold to either 10 or 20 kg milk per day. A sensitivity analysis was conducted to evaluate 

the impact of variations in average milk production on financial performance of the herd, GHG 

emissions and longevity, and the impact of changes in replacement heifer costs and milk prices 

on the financial performance of the herd. The model was run for 500 herds of 100 cow places 

for each reproduction management strategy. Results are presented from year 7 when cattle 

longevity estimates reach model equilibrium for adjusted reproduction management strategies. 

Details on the model updates and simulations are provided in the following sections.�

�

�
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Reproduction 

For each cow, the model randomly assigned a number of AIs (1-6) until conception at the start 

of each lactation, based on the proportion of cows getting successful AI per parity (Table 5.1) 

(Inchaisri et al., 2011). Subsequently, the length of the calving interval was determined by days 

between calving until conception and an assumed 280 days gestation period (Nogalski et al., 

2011) (Table 5.1). Parity differences were estimated based on the mean proportion of successful 

AIs from parity 1 as reference, and the relative differences in probability of successful AI 

between parities(Inchaisri et al., 2011). �

Table 5.1. The proportion of conception per consecutive number of AIs per parity and 
corresponding calving interval (CI) based on Inchaisri et al. (2011).�
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Health status 

At the start of each lactation, each cow was stochastically assigned to one of seven health events 

that could occur during the lactation (Figure 5.1): staying healthy, recovering from clinical 

mastitis, recovering from lameness, being culled because of clinical mastitis, being culled 

because of lameness, being culled because of subfertility, or being culled for other reasons 

(‘other culling’). Clinical mastitis was defined as an intramammary infection causing visibly 

abnormal milk (e.g., colour, fibrin clots), and lameness was defined as a case of poor locomotion 

(suboptimal mobility score 4 or 5 on a scale of 5). A culled cow was replaced by a heifer that 

was assumed to calve and enter the herd the following day. The probability of a cow remaining 

healthy was adjusted for the length of the CI. The incidence rate of clinical mastitis varied with 
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parity and stage of lactation (before or after 100 days in milk (DIM)). To capture the distribution 

of mastitis incidence within lactation, 60% of clinical mastitis cases were assumed to occur 

before 100 DIM and 40% between 101 to 307 DIM, based on the interval between calving to 

dry period from first successful AI. It was used to avoid mastitis occurring after the end of 

lactation. The moment of mastitis occurrence within these lactation periods was determined 

using a uniform distribution. Only cows with mastitis in the first 100 DIM were culled for 

clinical mastitis 90 days after diagnosis. The probability of cows being culled due to clinical 

mastitis in each parity is stated in Table 5.2.�

Similar to mastitis, the incidence rate of lameness varied with parity. It was calculated based on 

the odds ratio between multiparous and primiparous cows and the incidence rate in parity 1 

(Alban, 1995; Enting et al., 1997)(Table 5.2). Since the severity of lameness leads to varying 

degrees of milk loss, 80% of lameness cases was assumed to be mild and 20% to be severe 

(Randall et al., 2018). The probability of cows being culled due to lameness in each parity is 

stated in Table 5.2. The timing of culling due to lameness was determined using the data from 

the study of Edwardes et al. (2022).�

The probability of culling due to subfertility varied with parity and the defined maximum 

number of AIs (Tables 5.1 and 5.2). In addition, more AIs until conception resulted in a longer 

calving interval. Cows were assigned to subfertility culling when they did not become pregnant 

within the maximum number of AIs and when their milk production dropped below the defined 

subfertility culling .�

In order to meet an overall cull rate in each parity, ‘other culling’ remained in the model besides 

culling for subfertility, clinical mastitis, and lameness. Its probability varied across parities to 

meet the overall culling rate of 30% in Dutch dairy farms (Table 5.2). ‘Other culling’ occurred 

at a certain fraction of completion of a cow’s assigned CI, drawn from a distribution with a 

positive skew and a median fraction of 0.17 (beta distribution with parameter a=1.3, b=5 

(Rutten et al., 2014)).�
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Table 5.2. Incidence rates of clinical mastitis and lameness and proportion of cows culled due 
to clinical mastitis, lameness or other reasons, and overall culling rate in each parity based on 
the default reproduction management decision rules of maximal 4 AIs and a subfertility 
culling production threshold of 15 kg/day.�
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1 Including culls for subfertility based on maximal 4 AIs (default), clinical mastitis, lameness 
and other cull reasons.�

Milk production 

Lactation curves were updated based on milk production recording data of 50 randomly selected 

Dutch herds collected by the Dutch Cooperative Cattle Improvement Organization CRV BV 

(CRV, 2017). Individual milk production (MP) in kg of cow 𝑖𝑖𝑖𝑖 in parity 𝑗𝑗𝑗𝑗 at each day in milk 

(DIM) was calculated as:�

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑀𝑀𝑀𝑀 + 𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒(−𝑘𝑘𝑘𝑘𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑀𝑀𝑀𝑀) + 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 + 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 �

where 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 is the relative production level of cow 𝑖𝑖𝑖𝑖; ADY is the average daily 305-d yield in 

kg milk of a cow in parity 𝑗𝑗𝑗𝑗; a, b , c, and k model the shape lactation curve (Wilmink, 1987) 

(Table 5.3). In order to reflect the natural variation in milk production from about 80% to 120% 

of the average milk production, 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅 was defined from a normal distribution with a mean of 0 

and standard deviation of 0.1. Average milk protein, fat and lactose contents were calculated 

per parity class and used to parameterise the milk composition of the simulated lactation curves 

(Table 5.3). Milk yield was computed per cow per time step, using the integral of the milk 

production function. �
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Clinical mastitis was assumed to result in a yield reduction of 5% for the remaining lactation 

period from diagnosis until dry-off or culling day (Seegers et al., 2003). Moreover, milk was 

assumed to be discarded for 6 days following the diagnosis due to assumed treatment with 

antibiotics. Mild lameness was associated with a milk yield loss of 1.6% in total lactation yield, 

and severe lameness was associated with a milk yield loss of up to 6%, compared to the average 

yield in that lactation (O’Connor et al., 2023).�

Table 5.3. Model inputs for individual lactation curves per parity�

parity� ADY1(kg)� a� b� c� k� Fat (%)� Protein (%)� Lactose (%)�

1� 23.5� 25.75� -0.01468� -18.92� 0.157� 4.48� 3.55� 4.62�

2� 26.6� 30.03� -0.02248� -25.01� 0.2612� 4.50� 3.59� 4.53�

3� 28.6� 33.01� -0.02885� -28.85� 0.2557� 4.51� 3.51� 4.48�

4� 29.3� 34.08� -0.0312� -32.15� 0.2467� 4.51� 3.51� 4.48�

5+� 28.5� 32.4� -0.0256� -31.9� 0.2718� 4.51� 3.51� 4.48�

 1ADY is the average daily 305-d milk yield; parameters a, b, c and k of the Wilmink 
lactation curves; and fat, protein and lactose content of the milk per parity class.  �

Energy requirement 

Maintenance, milk production, gestation, and growth were included in the calculation of energy 

requirements (Kok et al. 2017, 2019). Subsequently, these requirements were used to compute 

feed intake of dairy cows.�

Partial net return

In accordance with a metric describing the economic performance of the simulated dairy farm 

from Kok et al. (2017), partial net return was estimated based on the modelled revenue from 

sold milk, calves and slaughter culled cows, and the costs from replacement heifer, feed, AI and 

treatment for clinical mastitis and lameness per case. The cost inputs were updated from Kok 

et al. (2017) and are displayed in Table 5.4.�

Partial net return
=  revenues (milk, calves and slaughter culled cows)
−  costs (replacement heifer, feed, AI, treatment cost of clinical mastitis and lameness)�
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Table 5.4. Parameters used to compute partial net return based on years 2019–2021

� Value (€)� source�
Milk revenue (per 100kg solids)a� � FrieslandCampina, 2022�
  Protein� 580.5�
  Fat� 290.3�
  Lactose� 58.0�
Calves revenue (per animal)� � Wageningen Economic Research, 

2022�  Female� 21.2�
  Male� 68.0�

Slaughter value culled cows (per kg meat)b� 2.2�
�
�

Replacement heifer (per animal)� 1078� KWIN 2022–2023�

Feed cost (per t DM)� � KWIN 2022–2023�
  Summer ration� 159�
  Winter ration� 192�
Artificial insemination (per time)� 35� KWIN 2022-2023�
Treatment cost (per case)� � �
Clinical mastitis � 35� Lam et al., 2013�
Mild lameness � 0� Edwardes et al., 2022; O’Connor 

et al., 2023�Severe lameness � 38�
a This results in €35.56 per 100 kg milk given average solids content (3.47% protein, 4.41% 
fat and 4.51% lactose).�
b Assumed dressing percentage 60% (KWIN)�

Annual partial net returns were computed per herd for different reproduction management 

decision rules. The revenues consisted of revenues obtained from milk production, surplus 

calves and culled cows. Milk revenues were based on the Dutch payment system based on milk 

solids value (10:5:1 ratio of protein : fat : lactose) using the average Dutch prices from 2019–

2021 (Table 5.4). �

To estimate the revenues for surplus calf sales, it was assumed that 50% of the calves born was 

male and 50% was female. The number of female calves kept annually to be reared as a 

replacement heifer equalled 113.4% of the number of culled cows, to account for a 13.4% calf 

mortality rate during the rearing period. Female calves not needed for replacement as well as 

all male calves were sold at 2 weeks of age, adjusted for 10% mortality.  �

The weight of slaughtered cows was estimated by assuming a dressing percentage of 60%. Calf 

values as well as slaughter value (Table 5.1) were based on the yearly values of 2019–2021 

(Table 5.4).�
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Costs consisted of rearing costs of replacement heifers, feed costs and costs for AI and for 

clinical mastitis and lameness treatment. Replacement heifer costs were based on the average 

market value of full grown heifers over the period 2019–2021, while feed costs were calculated 

from Dutch feed prices per feed stuff during that same time period (Kok et al., 2019).�

The cost of AI included both the price of semen and the costs of the AI procedure (KWIN, 

2022). Each case of clinical mastitis was assumed to be treated with antibiotics. The applied 

treatment costs were derived from Dutch survey results from 2009 (Lam et al., 2013). For the 

treatment of lameness, this study differentiates between mild and severe cases: the treatment 

costs for mild lameness are negligible and for severe cases, it was based on a weighted average 

treatment cost of multiple claw disorders. It was estimated by combining the cost for each type 

of claw disorder by its mean annual prevalence. These included sole ulcer and digital dermatitis, 

two of the most expensive disorders to treat (Edwardes et al., 2022; O’Connor et al., 2023).�

Sensitivity analysis

Milk revenue is the paramount component of farm partial net return. Variation in milk 

production could directly lead to changes in partial net return of a farm and affects GHG 

emission and culling decisions. Besides milk yield, the milk price is directly associated with 

milk revenue. One of the benefits of extending cattle longevity is the reduced demand for 

replacement heifers. Rearing these heifers comes at a cost, and while variable costs can fluctuate 

in the short term, fixed costs may undergo changes over a longer period. Therefore, a sensitivity 

analysis was conducted to capture the variation of those factors by evaluating the impact of 

production level, replacement heifer price or milk price on the model's results.�

The default average daily milk production within one lactation was 25.75 kg per day. To 

examine the effect of production level on the model's results, the lactation curve was shifted up 

or down by 3 kg/day (Han et al., 2022). The effect of price variation on the economic 

performance of a dairy farm was estimated by analysing the highest and lowest prices of milk 

between 2019 and 2021 and replacement heifers costs were varied by including and excluding 

own rearing labor and barn costs (FrieslandCampina, 2022).�
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The technical, economic and environmental results per herd of 100 cow places for all 

reproduction management strategies are presented in Table 5.5. The reproduction management 

strategies evaluated include increasing the number of AIs for all cows from 4 to 6 times or using 

a different subfertility culling threshold, i.e. when milk production drops below 10, 15 or 20 

kg/day.�

In the default scenario, based on a maximum of 4 attempts of AI and a milk yield drop below 

15 kg as subfertility culling threshold, the average age at culling is 2,040 days or about 5.6 

years. With an increase in the maximum number of AIs, all technical variables except for the 

culling rate show an upward trend. The impact is larger when shifting from a maximum of 4 to 

5 AIs (108-day increase in age at culling) than from 5 to 6 AIs (47-day increase). Decreasing 

the threshold for subfertility culling from a milk yield of 20 to 10 kg/day decreases all evaluated 

technical results except for the age of the culled cows.

The increase of partial net return resulting from the increase in maximum number of AIs is 

illustrated in Figure 5.2, and a similar effect is shown for altered thresholds of subfertility 

culling. Table 5.5 provides further insight into the effect of the various reproduction 

management decisions on components of the partial net return. While revenues from milk and 

calves increase with 0.7% and 5.7% respectively, with an increase of maximum number of AIs 

from 4 to 6, meat revenues decrease with 11%. All costs, except for replacement costs, are also 

higher with an increased maximum number of AIs, resulting in an overall increase in partial net 

return of 1.0%. With less stringent subfertility culling standards, all components of partial net 

return decrease, resulting in an overall decrease in partial net return of 4.0%. Within the strategy 

of increasing maximum number of AI, replacement costs are most strongly affected. As for 

changes in the subfertility culling threshold, milk revenues show the most prominent alterations 

among other economic components. �

With increased maximum number of AIs, the CO2-equivalents per kg FPCM decreased from 

0.926 to 0.915 (Table 5.5). In terms of the environmental consequences, there is no difference 

92 | Chapter 5



   
 

 

in GHG emissions per kg milk when the subfertility culling standard is increased from 15 to 20 

kg/day (Table 5.5).�

Figure 5.2. Impact of maximum number of AIs on partial cash flow (A) or on greenhouse gas 

emissions (B)�

�

�

�

�
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Table 5.5. Technical, economic and environmental simulation results per herd per year for 
herds with a maximum of 4, 5 or 6 artificial insemination attempts per pregnancy (n = 500 
herds per max number of AIs) with default subfertility culling standard (15 kg/day) and 
average milk production levels.�

�� ����������������� ������������������������������
�� �� �� �� ��������� ��������� ��������� �

� ���������� ���������� ���������� ���������� ���������� ����������

����������������� � 98 (5)� 100 (5)� 101 (5)� 105 (5)� 98 (5)� 92 (6)�

������������������������� 2 040 (161)� 2 148 (169)� 2 195 (172)� 1 968 (143)� 2 040 (161)� 2 132 (165)�

������������������������ 8 616 (105)� 8 656 (111)� 8 682 (110)� 8 745 (99)� 8 616 (105)� 8 393 (131)�

���������� 0.28 (0.05)� 0.25 (0.05)� 0.25 (0.05)� 0.3 (0.05)� 0.28 (0.05)� 0.26 (0.05)�

������������������������ 31 (2.93)� 31.4 (2.97)� 31.4 (3.08)� 32 (3.15)� 31 (2.93)� 30 (3.09)�

������������������������ 30.3 (3.13)� 30.2 (3.04)� 30.4 (2.97)� 31.3 (3.18)� 30.3 (3.13)� 29.1 (3.12)�

������������
� � � � � �

������������������� 165.83 (3.11)� 167.11 (3.28)� 167.65 (3.22)� 168.17 (2.88)� 165.83 (3.11)� 161.19 (3.64)�

�������������� 291.45 (3.53)� 292.73 (3.71)� 293.55 (3.7)� 295.8 (3.33)� 291.45 (3.53)� 283.89 (4.39)�

�������������� 23.51 (4.07)� 21.5 (3.95)� 20.84 (4.09)� 24.76 (3.99)� 23.51 (4.07)� 21.74 (3.91)�

�������������� 3.33 (0.18)� 3.45 (0.16)� 3.52 (0.17)� 3.57 (0.15)� 3.33 (0.18)� 3.14 (0.19)�

����������� 113.1 (0.92)� 113.57 (0.96)� 113.84 (0.96)� 114.37 (0.85)� 113.1 (0.92)� 111.06 (1.18)�

������������������ 30.08 (5.24)� 27.47 (5.08)� 26.62 (5.25)� 31.87 (5.18)� 30.08 (5.24)� 27.77 (5.03)�

�������� 7.65 (0.66)� 7.87 (0.68)� 8.11 (0.71)� 8.03 (0.65)� 7.65 (0.66)� 7.21 (0.66)�

������������������������ 1.05 (0.16)� 1.08 (0.16)� 1.1 (0.17)� 1.09 (0.17)� 1.05 (0.16)� 0.99 (0.16)�

������������������������ 0.58 (0.14)� 0.58 (0.14)� 0.59 (0.14)� 0.59 (0.14)� 0.58 (0.14)� 0.55 (0.13)�

� � � � � �

CO2��������������� 0.926 (0.014)� 0.918 (0.014)� 0.915 (0.014)� 0.926 (0.013)� 0.926 (0.014)� 0.928 (0.015)�

Sensitivity analysis�

A lower milk yield leads to earlier culling, lower partial net returns and higher GHG emissions. 

Similarly, a higher milk yield leads to later culling, higher partial net returns and lower GHG 

emissions. The absolute mean changes in comparison to the default settings are presented in 

Table 5.6.�

Lower milk yields mitigated the effects of reproduction management changes on partial net 

returns (Table 5.6). In contrast, higher milk production levels increased the effect. With altered 

milk production levels, increasing the maximum number of AI times from 4 to 5 resulted in 

smaller differences in greenhouse gas (GHG) emissions and the age of culled cows, compared 
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to the comparable max AI strategies in the default scenario. The partial net return increased 

when the replacement heifer price decreased, but decreased with a decreased milk price. When 

considering the maximum price for replacement heifers and for milk, the difference of partial 

net return increased for each additional AI services. �

Table 5.6. Absolute mean changes compared to the default scenario in average partial net 
return (€/herd per year), GHG emission (kg FPCM) and age at culling (days) for a variation in 
milk production level of one standard deviation (SD). A minimum and maximum (min, max) 
price of replacement heifer and milk given a reproduction strategy based on a maximum of 4, 
5 and 6 inseminations (n=500 herds).�

�� ��

�������������������
(€/herd per year)� ��������������

�������������������
�������

������������������ �� �� �� �� �� �� �� �� ��
����������� � 165 828� 167 112� 167 649� ������ ������ ������ ������ ������ ������

���������������������� -23 523� -24 372� -24 551� ������ ������ ������ ���� ���� ����

���������������������� 22 985� 23 003� 23 543� ������� ������� ������� ��� ��� ���

������������������������������ 6 055� 5 529� 5 359� �� �� �� �� �� ��

������������������������������ -13 645� -12 460� -12 075� �� �� �� �� �� ��

���������������� -29 724� -29 854� -29 937� �� �� �� �� �� ��

���������������� 60 650� 60 916� 61 085� �� �� �� �� �� ��
1 Refers to the default setting of a subfertility culling standard of 15 kg per day.�

�
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This study aimed to explore how extending longevity of dairy cows by changing reproduction 

management decision rules (more AI attempts or lowering yield threshold for subfertility 

culling) affects partial net return at herd level and GHG emissions per unit milk. We developed 

a dynamic stochastic simulation model that simulates individual lactations in herds with 100 

cow places, while accounting for culling for subfertility, mastitis, lameness or other reasons (i.e. 

general culling). The effects of longevity (increase in age) on the probability of disease were 

also taken into consideration.�

In the default scenario with a maximum of 4 inseminations and a minimum milk production of 

15 kg/day as a subfertility culling threshold, the average age of culled cows is 5.6 years, in line 

with the average of 5.8 years reported for Dutch dairy farms (Han et al., 2022). Comparing this 

default scenario with a situation allowing for more AI services (from maximum 4 to maximum 

6), cattle longevity increased with 155 days. The age at culling increased with 164 days when 

the subfertility culling rules were changed from 20 kg/day milk production to 10 kg/day. More 

insemination rounds directly resulted in a longer CI for cows that conceived in the fifth or sixth 

round. At herd level, less fertility culling due to more AIs contributed to more cows having a 

next lactation, but also to a lower need for replacement animals. More AI attempts resulted in 

a higher farm partial net return and lower GHG emissions per unit FPCM. However, decreasing 

the subfertility culling threshold from 20 to 10 kg/day resulted in a decrease in farm partial net 

return, while increasing GHG emissions.  �

Considering the technical results under the strategy of increasing the maximum number of AIs, 

the number of calves increased. An increase in AIs reduced the number of cows that are not 

pregnant. For instance, the proportion of non-pregnant cows was 4% lower in parity 1 if the 

maximum number of inseminations increased from 4 to 5. Cows that are not pregnant get a 

relatively long lactation until they are culled when milk production drops below 15 kg/day. This 

lactation is longer than the calving interval of a cow that becomes pregnant from the fourth, 

fifth or sixth round of AI. That means the next calf is born earlier than the calf of the heifer that 

would have replaced the nonpregnant cow. Delivered FPCM increased with more AI due to the 
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higher proportion of multiparous cows in a herd, which generally leads to higher milk 

production (Bokkers et al., 2014). Apparently, this increase in number of multiparous cows 

compensated for the longer average lactation length, which generally results in a lower milk 

yields per day of calving interval.�

Under the strategy of easing the subfertility culling threshold, the number of calves decreased. 

A lower threshold leads to a longer lactation period for subfertile cows, prolonging the time 

until they are eventually replaced by a calving heifer. The long lactations at a lower milk 

production also explain the decrease in herd FPCM production in this scenario. A cow in late 

lactation produces less milk than a cow in early lactation, but with a higher fat and protein 

content (Panthi et al., 2017). This increase in milk content was not taken into account in this 

model, which could have resulted in a small underestimation of milk yield in late lactation, 

especially for the least stringent subfertility culling threshold.�

Considering the economic results; the average replacement cost was affected most by a change 

in reproduction management. Replacement costs decreased by 3,460 euros per year when the 

maximum number of AIs increased from 4 to 6 times, due to a lower demand for replacement 

animals. In addition, the decreased culling rate resulted in less meat production from culled 

cows, which is the second largest reduction in economic components. Costs for AI, mastitis and 

lameness treatment increased with an increased maximum number of insemination rounds, as 

more cows entered the next lactation. In combination with a higher probability of disease in 

higher parities, the disease-related costs increased with more rounds of AI. Secondly, in this 

study, the probability of health disorders per lactation was adjusted for the lactation interval (or 

calving interval). Longer intervals lead to a higher probability of disease, therefore higher 

treatment cost and production losses. However the partial net return increased from €165,830 

to €167,110 with an increased maximum number of AIs from 4 to 6 times, compensating for 

any economic losses. �

Under the strategy of easing the subfertility culling threshold, milk revenues substantially 

decreased. The average lactation length of 1,878 days on average with a threshold of 20 kg/day 

is substantially lower than the 2,358 days with a threshold of 10 kg/day. Replacing cows with 

lower yields earlier avoids the low production levels at the end of lactation. The same reasoning 
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also applies to the cost of AI, mastitis and lameness treatments that all decrease with a lower 

subfertility culling threshold. A less stringent subfertility culling threshold means a lower 

frequency of cow replacement, i.e. fewer heifers enter the herd in the same period. Since AI 

services are required for each new lactation and heifers face the full risk of disease development, 

the cost of AI and other treatments at the herd level reduces when the replacement frequency 

decreases.�

The estimated GHG emissions per unit milk decreased by 0.9% when the maximum number of 

inseminations increased from 4 to 5 times, and by 1.2% when it increased to 6 times. This is 

caused by an increased milk production and lower annual cull rate, which reduce the GHG 

emissions from rearing replacement heifers. Under the strategy of easing the subfertility culling 

threshold, a lower threshold leads to higher GHG emissions. Specifically, the lowest threshold 

of 10 kg/day results in the highest CO2-eq of 0.928 kg. In contrast, more stringent culling 

thresholds lead to a better environmental performance, which indicates the benefit in terms of 

milk yield outweighed the earlier culling. �

For all results, the impact of increasing the maximum number of AI rounds from 4 to 5 is larger 

than for the increase from 5 to 6 times. This means there is a decreasing marginal effect of 

adapting reproduction management. For instance, the age at culling increases by 108 days when 

changing from 4 to 5 inseminations, but only by 47 days when changing the maximum number 

of inseminations from 5 to 6. This is because the proportion of cows conceiving drops for each 

insemination attempt. Approx. 4% of all primiparous cows conceives at the 5th AI attempt, but 

only 2% at the 6th attempt (Table 5.1).�

In the sensitivity analysis, milk production levels had the largest impact on partial net return 

compared with GHG emissions and age at culling. The impact on GHG emissions was larger at 

lower production levels than at higher production levels, which is similar as the impact on age 

of culled cows. Cows with low milk yields will be replaced earlier than cows with high yields. 

Among the effect of price changes on partial net return, milk price has the greatest impact on 

partial net return. This is in line with the fact that milk revenue is the largest component in 

partial net return. �
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Higher milk production levels, a higher price of replacement heifers and higher milk price all 

increase the effect of increasing the maximum number of AI services on partial net return. 

However, higher production levels mitigate the effect on GHG emissions. Quantifying GHG 

emissions per unit of milk produced means that both the emissions themselves and the milk 

production levels affect the GHG emissions measure. Higher milk production does not only 

increase milk yield but also reduces the demand for replacement heifers. This is because it takes 

longer for more productive cows to reach the subfertility culling threshold. It is the same reason 

as why the age at culling is more strongly affected with higher milk production levels.�

In this study, increasing longevity by increasing the maximum number of AIs reduces GHG 

emissions and improved partial net return. In contrast, lowering the yield threshold for 

subfertility culling leads to both a worse economic and worse environmental performance. 

Instead of easing the subfertility culling threshold, an increase in AI attempts can improve the 

sustainability of dairy farming from an economic, environmental and welfare perspective.�

�

5.

The study shows that cattle longevity can be extended by up to 5.5 months by altering 

reproduction management decision rules in terms of the maximum number of AI services or the 

subfertility culling production thresholds. Although lower subfertility culling thresholds has the 

potential to extend cattle longevity more than increasing the maximum number of AI services, 

only the latter benefits a farm’s partial net return, while mitigating greenhouse gas emissions.

5

Effects of extending dairy cow longevity by adjusted reproduction management decisions on partial 
net return and greenhouse gas emissions: A dynamic stochastic herd simulation study | 99 



 

�

Alban, L. (1995). Lameness in Danish dairy cows: frequency and possible risk factors. 
Preventive Veterinary Medicine, 22(3), 213–225. https://doi.org/10.1016/0167-
5877(94)00411-B�

Dallago, G. M., Wade, K. M., Cue, R. I., McClure, J. T., Lacroix, R., Pellerin, D., & Vasseur, 
E. (2021). Keeping Dairy Cows for Longer: A Critical Literature Review on Dairy Cow 
Longevity in High Milk-Producing Countries. Animals, 11(3), 808. 
https://doi.org/10.3390/ani11030808�

De Vries, A., & Marcondes, M. I. (2020). Review: Overview of factors affecting productive 
lifespan of dairy cows. Animal, 14, s155–s164. https://doi.org/10.1017/S1751731119003264�

Bokkers, E.A.M, A. Coysman, C. G. van R. (2014). Dairy calf characteristics and the 
association with performance later in life. Proceedings of the 6th International Conference on 
the Assessment of Animal Welfare at Farm and Group Level (WAFL 2014), 220–220.�

Edwardes, F., van der Voort, M., Halasa, T., Holzhauer, M., & Hogeveen, H. (2022). 
Simulating the mechanics behind sub-optimal mobility and the associated economic losses in 
dairy production. Preventive Veterinary Medicine, 199, 105551. 
https://doi.org/10.1016/j.prevetmed.2021.105551�

Enting, H., Kooij, D., Dijkhuizen, A. A., Huirne, R. B. M., & Noordhuizen-Stassen, E. N. 
(1997). Economic losses due to clinical lameness in dairy cattle. Livestock Production 
Science, 49(3), 259–267. https://doi.org/10.1016/S0301-6226(97)00051-1�

FrieslandCampina. (2022). Garantieprijs Friesland Campina .�

Han, R., Mourits, M., & Hogeveen, H. (2022). The association of dairy cattle longevity with 
farm level technical inefficiency. Frontiers in Veterinary Science, 9. 
https://doi.org/10.3389/fvets.2022.1001015�

Inchaisri, C., Jorritsma, R., Vernooij, J., Vos, P., van der Weijden, G., & Hogeveen, H. (2011). 
Cow Effects and Estimation of Success of First and Following Inseminations in Dutch Dairy 
Cows. Reproduction in Domestic Animals, 46(6), 1043–1049. https://doi.org/10.1111/j.1439-
0531.2011.01782.x�

Kok, A., Lehmann, J. O., Kemp, B., Hogeveen, H., Van Middelaar, C. E., De Boer, I. J. M., & 
Van Knegsel, A. T. M. (2019). Production, partial cash flows and greenhouse gas emissions of 
simulated dairy herds with extended lactations. Animal, 13(5), 1074–1083. 
https://www.cambridge.org/core/journals/animal/article/production-partial-cash-flows-and-
greenhouse-gas-emissions-of-simulated-dairy-herds-with-extended-
lactations/6F1BCF3C6BB928BF01D60E31F3046D75�

Kok, A., van Middelaar, C. E., Mostert, P. F., van Knegsel, A. T. M., Kemp, B., de Boer, I. J. 
M., & Hogeveen, H. (2017). Effects of dry period length on production, cash flows and 
greenhouse gas emissions of the dairy herd: A dynamic stochastic simulation model. PloS 
One, 12(10), e0187101. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5659778/pdf/pone.0187101.pdf�

100 | Chapter 5



   
 

 

Lam, T. J. G. M., van den Borne, B. H. P., Jansen, J., Huijps, K., van Veersen, J. C. L., van 
Schaik, G., & Hogeveen, H. (2013). Improving bovine udder health: A national mastitis 
control program in the Netherlands. Journal of Dairy Science, 96(2), 1301–1311. 
https://doi.org/10.3168/jds.2012-5958�

Lean, I. J., LeBlanc, S. J., Sheedy, D. B., Duffield, T., Santos, J. E. P., & Golder, H. M. 
(2023). Associations of parity with health disorders and blood metabolite concentrations in 
Holstein cows in different production systems. Journal of Dairy Science, 106(1), 500–518. 
https://doi.org/10.3168/jds.2021-21673�

Neave, H. W., Lomb, J., von Keyserlingk, M. A. G., Behnam-Shabahang, A., & Weary, D. M. 
(2017). Parity differences in the behavior of transition dairy cows. Journal of Dairy Science, 
100(1), 548–561. https://doi.org/10.3168/jds.2016-10987�

Nogalski, Z., & Piwczyński, D. (2011). Association of Length of Pregnancy with Other 
Reproductive Traits in Dairy Cattle. Asian-Australasian Journal of Animal Sciences, 25(1), 
22–27. https://doi.org/10.5713/ajas.2011.11084�

O’Connor, A. H., Shalloo, L., Bokkers, E. A. M., de Boer, I. J. M., Hogeveen, H., Sayers, R., 
Byrne, N., & Ruelle, E. (2023). Modeling the economic impacts of mobility scores in dairy 
cows under Irish spring pasture-based management. Journal of Dairy Science, 106(2), 1218–
1232. https://doi.org/10.3168/jds.2021-21531�

Panthi, R. R., Jordan, K. N., Kelly, A. L., & Sheehan, J. J. (Diarmuid). (2017). Selection and 
Treatment of Milk for Cheesemaking. In Cheese (pp. 23–50). Elsevier. 
https://doi.org/10.1016/B978-0-12-417012-4.00002-8�

Randall, L. V., Green, M. J., Green, L. E., Chagunda, M. G. G., Mason, C., Archer, S. C., & 
Huxley, J. N. (2018). The contribution of previous lameness events and body condition score 
to the occurrence of lameness in dairy herds: A study of 2 herds. Journal of Dairy Science, 
101(2), 1311–1324. https://doi.org/10.3168/jds.2017-13439�

Rutten, C. J., Steeneveld, W., Inchaisri, C., & Hogeveen, H. (2014). An ex ante analysis on the 
use of activity meters for automated estrus detection: To invest or not to invest? Journal of 
Dairy Science, 97(11), 6869–6887. https://doi.org/10.3168/jds.2014-7948�

Schuster, J. C., Barkema, H. W., De Vries, A., Kelton, D. F., & Orsel, K. (2020). Invited 
review: Academic and applied approach to evaluating longevity in dairy cows. Journal of 
Dairy Science, 103(12), 11008–11024. https://doi.org/10.3168/jds.2020-19043�

Seegers, H., Fourichon, C., & Beaudeau, F. (2003). Production effects related to mastitis and 
mastitis economics in dairy cattle herds. Veterinary Research, 34(5), 475–491. 
https://doi.org/10.1051/vetres:2003027�

Wageningen Economic Research. (2022). Agrimatie.�

Walter, L. L., Gärtner, T., Gernand, E., Wehrend, A., & Donat, K. (2022). Effects of Parity and 
Stage of Lactation on Trend and Variability of Metabolic Markers in Dairy Cows. Animals, 
12(8), 1008. https://doi.org/10.3390/ani12081008�

Zijlstra, J., Jiayang, M., Zhijun, C., & Fels, B. Van Der. (2020). Longevity and culling rate: 
how to improve? 1–12.�

5

Effects of extending dairy cow longevity by adjusted reproduction management decisions on partial 
net return and greenhouse gas emissions: A dynamic stochastic herd simulation study | 101 



 

 

 

 

 

 

 

6CHAPTER 6



Effects of extending cattle longevity 
by disease prevention management 
measures on partial net return and 
greenhouse gas emissions

Ruozhu Han1, Akke Kok2, Monique Mourits1 and Henk Hogeveen1

1 Business Economics group, Department of Social Sciences, Wageningen University and 
Research, 6706 KN Wageningen, the Netherlands
2 Wageningen Economic Research, Wageningen University & Research, 6708PB Wageningen, 
the Netherlands

This chapter is submitted



 

6.1 Abstract 

Extending cattle longevity is seen as an option to achieve a better dairy farm economic and 

environmental performance. However, extending dairy cow longevity may lead to higher risks 

of health disorders. Health disorders reduce milk production, increase culling rate, and reduce 

cattle longevity, and therefore lead to additional labour, disease treatments and rearing of 

replacement heifers. Disease prevention is a crucial prerequisite for sustainably extending the 

cattle longevity. In particular, clinical mastitis and lameness are two of the most prevalent and 

expensive diseases. Therefore, simulations were conducted to evaluate the effect of increased 

cattle longevity on the technical and economic performance of a herd by applying preventive 

measures for clinical mastitis (7 measures) and lameness (5 measures). The incidence rate of 

clinical mastitis or lameness was updated in relation to the expected effectiveness of the 

evaluated preventive measure, using information from literatures. The results indicated that 

introducing disease prevention measures increased the age of culled cows by a maximum of 57 

days, whereas the maximum decrease in GHG emissions resulting from the implementation of 

a disease prevention measure was 0.007 kg CO2-eq per kg FPCM. Moreover, the majority of 

disease prevention measures resulted in a net decrease due to additional costs outweighed the 

increase in partial net return. �

�
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6.2 Introduction

Longevity of a herd is reflected by the average lifespan or age at which cows are culled. The 

average lifespan of a dairy cow in the Netherlands is around 5.8 years, with a range of 4.9 to 

7.1 years across farms (Han et al., 2022). This is considerably shorter than the natural lifespan 

of dairy cows of 20 years. Extending cattle longevity is seen as an option to achieve a better 

dairy farm economic and environmental performance (Dallago et al., 2021; De Vries, 2020). 

Moreover, an increased longevity is perceived by society as a relevant indicator of animal 

welfare (De Vries et al., 2020).�

However, extending dairy cow longevity may lead to higher risks of health disorders (Juarez et 

al., 2003; Lam, 2008). Within a commercial dairy farm, besides reproduction problems, health 

disorders are one of the main reasons for culling. Health disorders reduce milk production, 

increase culling rate, and reduce cattle longevity, and therefore lead to additional labour, disease 

treatments and rearing of replacement heifers. Clinical mastitis and lameness are two of the 

most prevalent and expensive diseases. In Europe, up to 30% of cows in a herd may suffer from 

mastitis (van den Borne et al., 2010), while around 25% of dairy cows may experience lameness 

(Amory et al., 2006; Edwardes et al., 2022; van den Borne et al., 2022). Clinical mastitis can 

lead to an reduction of approximately 5% in annual milk production of an affected cow. It also 

elevates the culling rate by 1.5-5% and decreases the conception rate, with estimated failure 

costs of about $131 per cow per year at herd level (Hogeveen et al., 2019). Lameness can 

decrease milk production by 270 to 574 kg per cow per lactation, while also negatively 

impacting reproduction performance, including an extension in days open or calving interval, 

and increasing the risk of culling. The estimated failure cost of cows with sub-optimal mobility 

is approximately €122 per cow per year (Edwardes et al., 2022).�

Disease prevention is a crucial prerequisite for sustainably extending the cattle longevity. Many 

preventive measures are possible to limit the incidence of production diseases such as mastitis 

and lameness. Preventing these diseases will not only reduce the economic losses to the farmer, 

but will also reduce GHG emissions per unit of milk produced (Mostert et al., 2018; Mostert et 

al., 2018). This is largely due to the fact that fewer replacements animals are needed. Rearing 

replacement animals takes two years, during which heifers consume feed and contribute to 
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GHG emissions, without any production. However, implementing preventive measures requires 

additional costs for e.g. labour, expenditures and/or investments. Therefore the objectives of 

this paper are (i) to quantify the extension of cattle longevity by applying disease prevention 

measures and (ii) to explore the effect of extending cattle longevity by applying disease 

prevention measures on technical and economic results at herd level, and GHG emissions per 

unit of milk, using a dynamic stochastic simulation model. �

6.3 Materials and methods

Herd simulation model

This study used the model developed by Han et al. (Chapter 5). This model is designed to 

stochastically simulate Dutch dairy herds of 100 cows with extended cattle longevity through 

different reproduction management decisions. The model simulates lactations, and calving and 

health status events of individual cows within a herd. Annual partial net return is computed 

from revenues from sold milk, calves and culled cows, and the costs from feed consumption, 

rearing replacement heifers, AI services and treatment for clinical mastitis and lameness. 

Greenhouse gas emissions are computed using a life cycle approach, which also accounts for 

the production of meat from surplus calves and culled cows, assuming that it substituted other 

meat on the basis of edible product, thus avoiding additional GHG emissions from meat 

production elsewhere. Evaluated scenarios differed in the maximum number of artificial 

inseminations (AI) per lactation cycle (4, 5 or 6), or the moment of culling of subfertile cows 

(when milk production dropped below 20, 15, or 10 kg/d) (Chapter 5).�

In this study, the analysis was conducted to evaluate the effect of increased cattle longevity on 

the technical and economic performance of a herd by applying preventive measures for clinical 

mastitis and lameness. The incidence rate of clinical mastitis or/ and lameness were updated in 

relation to the evaluated preventive measures. The reference scenario used in this study was 

based on a maximum of 4 AI services per lactation cycle given the default subfertility culling 

standard of 15 kg/day and average milk production levels. In this reference scenario, the 
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proportion of cows getting clinical mastitis or lameness, on average, was 31% and 30.3% 

respectively (see Chapter 5 ). �

Disease prevention management measures�

Selection

Several measures to prevent clinical mastitis or lameness have been presented in the studies 

from Hogeveen et al (2011) and Bruijnis et al (2013). Some of these measures described are no 

longer relevant for further consideration, because they have already been massively applied in 

current farming practices. That means their impact is assumed to be reflected by the default 

scenario. Other measures were not feasible to include in the current modelling study because 

they resulted in combined effects. For instance, a measure related to the optimization of feed 

rations will not only have an impact on the disease occurrence. Consequently, seven clinical 

mastitis measures and five lameness measures were selected from these studies to prevent 

clinical mastitis or lameness, respectively, with one measure (floor hygiene) having a preventive 

effect on both diseases.  �

Effectiveness 

This study recalculated the incidence decrease percentage for mastitis preventive measures 

based on the work of Hogeveen et al (2011), which originally specified the effect of such 

measures on an incidence decrease for a 100% environmental problem and as well as a 100% 

contagious mastitis problem. However, this study did not distinguish between the causes of 

mastitis. A combination of causes was considered to represent average mastitis situation by 

accounting for 65% environmental and 35% contagious problems (Hogeveen et al., 2011). The 

incidence decrease percentages per mastitis measure were weighted accordingly. Bruijnis et al., 

(2013) assessed the incidence of lameness in a default scenario, as well as the incidence rate 

resulting from the implementation of various intervention measures separately. To determine 

the reduction in lameness incidence resulting from the prevention measures in this study, the 

incidence rate of each measure was compared to the incidence rate under the default situation. 

The expected efficacy of each of the evaluated preventive measures on incidence reduction as 

simulated in this study is presented in Table 6.1.
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Costs 

For each of the measures, the additional costs were calculated derived from the study of van 

Soest et al (2016) and Bruijnis et al (2013) (Table 6.2). These additional costs captured all farm 

inputs that were affected by the alternative prevention management measures. Resources that 

remained unchanged, such as buildings, were not considered. The additional costs of preventive 

measures included labour costs, expenditures such as for water and clean gloves, and 

investment costs related to the use of durable assets such as a fence. Labor costs were updated 

using labor cost from year 2019-2021 (WUR statistics). �

�
Table 6.2. The estimated costs for preventing lameness or clinical mastitis.�
Preventive measures � Additional 

cost  �
Unit �

Clinical mastitis � � �
Milk cows with clinical last � 1,855� €/herd with 100 cows/year�
Wash dirty udders during preparation of udder� 490� €/herd with 100 cows/year�
Teat disinfection post-milking� 4,745� €/herd with 100 cows/year�
Back-flushing clusters after milking a cow with clinical 
mastitis �

54.5� €/clinical cases /year�

Keep cows standing after milking � 912� €/herd with 100 cows/year�
Clean cubicles� 5,464� €/herd with 100 cows/year�
Lameness � � �
Additional foot trimming 720� €/herd with 100 cows/year�
Footbath � 4,300� €/herd with 100 cows/year�
Lying surface� 1,600� €/herd with 100 cows/year�
Rubber flooring� 3,200� €/herd with 100 cows/year�
Clinical mastitis & Lameness� � �
Floor hygiene� 3,310� €/herd with 100 cows/year�

Cost-effectiveness

In this study the cost-effectiveness of the preventive measures is evaluated by a marginal 

analysis. The change in net partial returns for the situation with and without the preventive 

measure is seen as the economic benefit of the preventive measure. Considering the changes in 

costs and revenues, the net impact of each preventive measure was determined by subtracting 

the additional costs from the anticipated rise in partial net revenues. Preventive measures were 

assumed not to be carried out in the reference scenario and to be implemented completely and 

correctly in the new situation.�
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6.4 Results

Applying preventive disease measures increased the average age of culled cows by 3 to 57 days 

(Table 6.3). All preventive measures resulted in reduced GHG emissions per kg of milk, and an 

increased partial net return. For all preventive measures, except Wash dirty udders during 

preparation of udder, the net effect of those measures was negative (benefit/cost ratio <1). The 

additional cost outweighed the increase in partial net return.�

Within measures to prevent clinical mastitis, teat disinfection post-milking contributed most to 

improving age of culled cows, average delivered FPCM and partial net return, and mitigating 

GHG emissions. Compared with the reference scenario, the application of teat disinfection post-

milking increased average age of culled cows by 57 days, and the average delivered FPCM by 

74 kg per cow place. This resulted in reduced greenhouse gas emissions of 0.007 kg CO2-

equivalents per kg FPCM and in increased partial returns of €2,420 at a cost of €4,750, giving 

a net negative effect of €2330 (benefit/cost ratio = 0.51). Within measures to prevent lameness, 

improving lying surface contributed most to improving age of culled cows, partial net return 

and mitigating GHG emissions. Compared with the reference scenario, the application of 

improving lying surface resulted in an increase in average age of culled cows of 45 days, and 

in an increase in average delivered FPCM of 23 kg per cow. Meanwhile, it contributed to a 

0.005 kg CO2-equivalents per kg FPCM reduction and a €1,140 increase in partial returns of a 

farm. However, the additional costs were equal to €1,600, indicating a negative net effect 

(benefit/cost ratio = 0.71).�

�

�

�

�
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6.5 Discussion

This study aimed to quantify the effect of additional preventive measures for production 

diseases on cattle longevity and the consequences on environmental and economic 

sustainability. The study was focused on the two most important production diseases: clinical 

mastitis and lameness, and was carried out with a dynamic stochastic simulation model. This 

model simulated individual lactations in herds with 100 cow places with lactation curve, calving 

interval, while accounting for culling for fertility reasons, mastitis, lameness and other reasons 

(i.e. general culling).�

It is clear that a reduction in the incidence of mastitis and/or lameness has a positive impact on 

age of culled cows, through a lower culling rate. For different preventive measures, this effect 

differed because of varying effectivity. A consequence of the higher longevity, is the lower 

demand for replacement heifers and a larger proportion of multiparous cows in the herd. The 

first aspect saves costs of young stock rearing, while the second aspect leads to a higher milk 

production per cow per year, since multiparous cows produce more than primiparous cows 

(Neave et al., 2017; Walter et al., 2022). The impact of measures to prevent clinical mastitis on 

average milk production was larger than the impact of measures to prevent lameness. This is 

because the expected effect of mastitis on milk production is larger than the effect of lameness. 

Moreover, mastitis is responsible for a higher proportion of culling compared to lameness 

(Dallago et al., 2021; Garvey, 2022). Therefore, decreasing the incidence rate with a similar 

relative percentage had a larger absolute influence on milk yield in the case of clinical mastitis 

than in the case of lameness. For instance, the same percentage disease reduction of 13% (Table 

6.1) by preventing clinical mastitis through the udder measure of washing dirty udders during 

preparation of udder or by preventing lameness using the measure additional foot trimming 

displayed an average increase of 23 kg delivered FPCM per cow and an average decrease of 1 

kg delivered FPCM per cow, respectively. The negative impact on milk production might result 

from the stochastic feature of simulation study. �

The application of disease prevention measures mitigated GHG emissions per unit milk and  

resulted, except for Wash dirty udders during preparation of udder, in a negative economic net 
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effect. GHG emissions per unit milk are determined by the amount of GHG emissions and milk 

production yield. Reduced disease incidence rates can reduce GHG emissions due to a reduced 

demand for replacement heifer and an increased milk production at herd level due to a higher 

proportion of multiparous cows in the herd. Reducing the incidence of disease through 

prevention measures reduced treatment costs, milk loss or discard, and the cost of replacement 

heifer. However, the additional costs to implement the prevention measure outweighed in most 

cases these financial benefits. �

Considering the largest relative decrease in the incidence of mastitis by 39% by applying Teat 

disinfection post-milking, the technical, environmental and economic simulation results for this 

alternative displayed the largest absolute changes compared to the reference scenario. 

Introducing the measure of Teat disinfection post-milking increased the average age of culled 

cows by 57 days, increased FPCM production by 74 kg per cow per year and increased the 

partial returns by €2,420 per herd per year, while the GHG emission per kg FPCM decreased 

by 0.007 kg compared with the reference scenario. However, the net financial effect was a loss 

in partial net return of €2,330 per year, indicating a benefit / cost ratio of 0.51.�

It should be noted that the results demonstrate the impact of disease prevention measures at the 

average level, assuming a decrease from the default scenario in which, respectively, 31% or 

30.3% of cows in a herd experience clinical mastitis or lameness. However, there is a wide 

variation in disease incidences between Dutch dairy farms (van den Borne et al., 2010). It is 

conceivable that farms with a higher incidence exhibit larger changes than the average model 

output. This is because, when considering the same percentage reduction, the absolute reduction 

in high incidence farm is larger. �

Comparing the effect of extending cattle longevity by reproduction management decisions 

(Chapter 5) or disease prevention measures, the reproduction management decisions had a 

larger impact on cattle longevity. For instance, introducing disease prevention measures 

increased the age of culled cows to a maximum of 57 days, whereas the age increase was on 

average 155 days or 164 days when maximum number of inseminations was increased from 4 

to 6 services or the subfertility culling production threshold was decreased from 20 kg/ day to 

10 kg/ day. Similarly, the maximum decrease in CO2-eq kg per kg FPCM resulting from the 
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implementation of disease prevention measure was 0.007 kg per kg FPCM, while a change in 

number of maximal AI services from 4 to 6 resulted in a decrease of 0.011 CO2-eq kg per kg 

FPCM. Moreover, while a relaxation in the maximum number of AI services from 4 to 6 

services resulted in an average increase in partial net returns of €1820 per year, the majority of 

disease prevention measures resulted in a net decrease. Only the measure Wash dirty udders 

during preparation resulted in a net positive increase in returns of €270 per year. �

The main contributor in the additional costs related to the implementation of disease prevention 

measures is labor costs. For instance, €1,655 out of the €1,855 annual additional costs for 

implementing the measure of milk cows with clinical mastitis last are labor costs. While the 

previous studies of Bruijnis et al., (2013) and van Soest et al., (2016) indicated a positive net 

effect in applying disease prevention measures (Bruijnis et al., 2013; Hogeveen et al., 2011; van 

Soest et al., 2016), net effect of most prevention measures in this study were below zero. This 

difference is particularly attributed to the higher value of labor used in this study; the hourly 

value of labor increased from €20 per hour in 2012 to €27.2 per hour in year 2021 (KWIN). �

�

6.6 Conclusion

Dairy cow longevity can be extended by up to 57 days by introducing single disease prevention 

management measures. The application of disease prevention measures positively affect GHG 

emissions and age of culled cows. However, the net economic effect of those measures is 

negative. �
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Figure 7.1. Overview of the interrelationships between Chapters (C).�
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7.3 Reflection on data and methods
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7.5 Future research 

This dissertation gives a comprehensive picture of the association of herd characteristics with 

dairy cow longevity in commercial Dutch dairy farms. However, the absence of strong 

associations suggests that variance in longevity among herds may be driven by other factors, 

like farmers’ attitude toward culling and strategic farm management. Analysing these aspects 

can help to explain the main reasons behind culling decisions, which in turn can assist to reduce 

culling by developing tailored strategies. In addition, comparing farms with good and poor 

longevity performance can also provide valuable insights into bridging the longevity gap. For 

example, conducting a survey study on farms with different longevity performance can shed 

light on the main reasons for culling as well as the associated economic and environmental 

consequences. Moreover, farmers often report only one reason for culling, while multiple 

factors may contribute to the decision. For instance, lameness is known to negatively affect 

reproductive performance and milk production (Huxley, 2013). Therefore, further research on 
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analysing the risk factors associated with dairy cow longevity, taking into account the 

interactions between these factors, would help to better pinpoint and subsequently target 

reasons for culling. The combined effect of these factors could potentially explain a greater 

variation of dairy cows’ longevity among farms.�

In this dissertation, adjusted reproductive measures were applied to all cows in a herd to reduce 

subfertility culling by increasing the conception rate. There are other measures that can also be 

used to increase conception rate, such as hormonal treatment (De Rensis et al., 2015). Younger 

cows exhibiting subfertility may encounter difficulties conceiving in later parities (Wathes et 

al., 2008). Therefore, categorizing these cows from early lactation and targeting a specific 

strategy (such as hormonal treatment) can increase the likelihood of conception. Furthermore, 

improving the probability of conception per oestrus cycle by improved oestrous detection, 

improved probability of conception (for instance by hormonal treatment) may also reduce the 

probability of culling because of subfertility. The impact of these measures may vary depending 

on how the targeted group of cows is categorized. For example, employing different timing and 

selection criteria stratified for diverse groups of cows, may lead to varying consequences and 

outcomes. �

This dissertation conducted adjusted reproduction management and disease preventive 

management separately. Conducting future studies that integrate management strategies while 

considering optimal group strategies may potentially offer more efficient measures for 

enhancing cow longevity, as well as improving the economic and environmental performance 

of dairy farms.�

New technologies are emerging to mitigate greenhouse gas (GHG) emissions in milk 

production. For instance, innovative manure management technologies like anaerobic digesters, 

composting systems, and separation technologies optimize the handling, treatment, and storage 

of manure. These methods reduce methane emissions, minimize nutrient runoff, and generate 

valuable by-products such as fertilizer or biofuels. However, studies examining the economic 

consequences of implementing these technologies are limited. Future research evaluating the 

economic and environmental impacts of these technologies is crucial in assessing their 

feasibility and potential benefits for widespread adoption.�
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7.6 Main conclusion 
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��������������������������������������������������������������;�

• Extending the cow age at culling may lead to improved technical efficiency of dairy 

farms as long as the production intensity at cow level remains unchanged ���������

��;�

• ������ ���� ���������� ���� ��� ��������� ��� ��������� ������������� �����������

����������������������������������������������������������;�

• Extending cattle longevity by increasing the maximum number of insemination 

services improved both, the economic and environmental performance of the 

simulated dairy farms �����������;�

• �������������������������������������������������������������������������������

����������������������������������������������������������������������������

�

�

�

�

�

�

�
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Summary  

In the Netherlands, the average longevity of the dairy cows in a herd is about 5.8 years, 

ranging from 4.9 years to 7.3 years. This is, however, below the potential longevity of dairy 

cows. Extending dairy cow longevity has been considered an option to contribute to more 

sustainable milk production from an economic, environmental, as well as societal perspective. 

This is mainly because increased longevity could reduce the demand for replacement heifers, 

and increase the average herd production level as a result of a higher proportion of high-

yielding multiparous cows within the herd. In addition, longevity is regarded one of the 

animal welfare indicators to reflect better health management practices. However, increased 

disease incidence due to older age can also result in milk losses or discard and higher disease 

treatment costs. Therefore, the objective of this dissertation was to evaluate the economic and 

environmental impacts of dairy farm management practices related to dairy cow longevity. 

Based on this objective the following specific subobjectives have been derived:�

�� Evaluate the association of herd characteristics with dairy cattle longevity;�

��� Evaluate the association of dairy cattle longevity with farm gross margin;�

���� Evaluate the association of dairy cattle longevity with farm level technical inefficiency 

of milk production;�

��� Quantify the impact of reproduction management decisions on dairy cow longevity, herd 

profitability and greenhouse gas (GHG) emissions;�

�� Quantify the impact of disease prevention management measures on dairy cow 

longevity, herd profitability and GHG emissions.�

� �
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In Chapter 2 the associations of herd performance indicators with herd-level dairy cow 

longevity under Dutch production conditions were evaluated. Longevity was expressed by 

three different measures, namely age at culling, lifetime milk production of culled cows and 

culling rate. The evaluated herd performance indicators included factors on milk production, 

youngstock rearing, reproduction and health performance as registered on 10 719 Dutch 

commercial dairy herds during the period 2007-2016. A mixed linear regression modelling 

approach was applied to evaluate the association of each of the three longevity measures with 

the selected herd performance indicators. The statistical results indicated that, averaged over 

herds and the evaluated period, the age of culled milking cows was 2 139 days (5.8 years, SD 

± 298 days), the lifetime milk production of culled cows was 31 238 kg (SD ± 7 494 kg), and 

the culling rate was 0.24 (SD ± 0.08). The absence of strong associations between the 

longevity measures and herd performance indicators indicates that there is potential for 

extending cattle longevity without affecting the herd performance in terms of milk production, 

reproduction and health.�

In Chapter 3, Dutch herd and farm accounting data (n = 855 herds) over the years 2007-2016 

were analysed to investigate the association between dairy cow longevity and the economic 

performance of dairy herds. Data were analysed using generalized linear mixed models, with 

gross margin as the dependent variable. Descriptive statistics showed that the average age of 

culled cows was stable over the 10 years (range between 5.79 - 5.90 years). The gross margin 

was on average €24.80/ 100 kg milk (SD ± .67), with the lowest value in year 2009 and the 

highest value in year 2013. Gross margin was not significantly associated with age of culled 

cows and lifetime milk production of culled cows. This indicates that, within practice, there is 

potential for improving longevity in order to meet society’s concerns on animal welfare and 

environmental pollution, without affecting the economic performance of the herd.�

In Chapter 4, not only the total input and input-specific technical inefficiency of dairy farms 

were evaluated, but also its association with cattle longevity under Dutch production 

conditions was explored. Combining performance data and accounting data of commercial 

Dutch dairy herds from 2007-2014 resulted in a dataset with information on 1 037 

commercial dairy herds. A two-stage approach was used for the analysis. First, input-specific 
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technical inefficiency scores were computed using Data Envelopment Analysis (DEA). 

Output was measured by total farm revenues. Inputs included labor availability, land size, 

livestock units and the expenses on capital, seed & protection, veterinary services, livestock 

purchase & contract services, feed and others. Secondly, the associations of the obtained 

inefficiency scores with cattle longevity were studied by means of a bootstrap truncated 

regression analysis. Of the evaluated inputs, utilization of livestock units and feed was most 

efficient (inefficiency scores of 0.16 and 0.26, respectively). This contrasted with the poor 

input efficiency of capital and other goods & services; these inputs could be reduced with 

52% without affecting output. Results of the regression analysis illustrated that age of culled 

cows was significantly negatively associated with each of the input inefficiencies, except for 

veterinary services. This was in contrast to the significant associations of input inefficiencies 

with lifetime milk production, which were mostly positive. From these findings, it is was 

concluded that dairy farms can improve their economic performance (technical efficiency) by 

extending the cow age at culling, as long as the production intensity at cow level remains 

unchanged.�

Chapter 5 and 6 investigated the effect of extending dairy cow longevity on partial net return 

at herd level and greenhouse gas emissions per unit of milk by adjusting reproduction 

management decisions or applying disease prevention measures, using a dynamic stochastic 

simulation model. The model simulated lactations, calving and health status events of 

individual cows for herds of 100 cows. In Chapter 5, the evaluated scenarios differed in the 

maximum number of consecutive artificial insemination (AI) attempts (4, 5 or 6 services), or 

the production threshold at which subfertile cows were culled (20, 15, or 10 kg milk per day). �

Average age at culling increased with an increased maximum number of AI services. The 

increase in longevity was larger when going from a maximum of 4 to 5 AI attempts (108 

days) than from a maximum of 5 to 6 attempts (47 days). The average age of culled cows 

increased from 1 968 to 2 040 and 2 132 days when the subfertility culling standard was 

lowered from 20, to 15 and 10 kg milk per day, respectively. Average annual partial net return 

increased from €165 850 at a maximum of 4 AIs to €167 670 at a maximum of 6 AIs, but 

decreased from €168 190 at a subfertility culling threshold of 20 kg/day to €161 210 at a 
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threshold of 10 kg/day. Greenhouse gas emissions decreased with an increased maximum 

number of AIs from 0.926 to 0.915 kg CO2 equivalents per kg fat-and-protein-corrected milk 

(FPCM) at maximum 4 or 6 AIs respectively, while they increased from 0.926 kg at a 

threshold of subfertility culling of 20 kg/day to 0.928 kg CO2 equivalents per kg FPCM at a 

threshold of 10 kg/day. Although lowering the subfertility culling standard had the potential to 

extend cattle longevity more than increasing the maximum number of AI services, only the 

latter benefited the farm’s partial net return and mitigated greenhouse gas emissions.�

In Chapter 6, simulations were conducted to evaluate the effect of increased cattle longevity 

on the technical and economic performance of a herd by applying preventive measures for 

clinical mastitis (7 measures) and lameness (5 measures). The incidence rate of clinical 

mastitis or lameness was updated in relation to the expected effectiveness of the evaluated 

preventive measure, using information from literature. The evaluated disease prevention 

measures had a smaller impact on dairy cow longevity than the reproduction management 

decisions evaluated in Chapter 5. For instance, introducing disease prevention measures 

increased the age of culled cows by a maximum of 57 days, whereas the age increase was on 

average 155 days or 164 days when maximum number of AI was increased from 4 to 6 

services or the subfertility culling threshold was decreased from 20 kg/ day to 10 kg/ day. 

Similarly, the maximum decrease in GHG emissions resulting from the implementation of a 

disease prevention measure was 0.007 kg CO2-eq per kg FPCM, while a change in number of 

maximum AI services from 4 to 6 resulted in a decrease of 0.011 kg CO2-eq per kg FPCM. 

Moreover, while a relaxation in the maximum number of AI services from 4 to 6 services 

resulted in an average increase in partial net returns of €1 820 per year, the majority of disease 

prevention measures resulted in a net decrease due to additional costs outweighed the increase 

in partial net return. �

The results, applied data and methodological approach were synthesized in Chapter 7, and 

final conclusions were drawn. The potential business implications following from this thesis 

and directions for future study were also discussed. Based on the main results, the main 

conclusions of this dissertation are summarized as follows:�
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• ��������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������

������������������������������������������������;�

• ��������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������

������;�

• �����������������������������������������������������������������������������������

��������������������������������������������������������������;�

• Extending the cow age at culling may lead to improved technical efficiency of dairy farms 

as long as the production intensity at cow level remains unchanged �����������;�

• �������������������������������������������������������������������������������������

���������������������������������������������;�

• Extending cattle longevity by increasing the maximum number of insemination services 

improved the economic and environmental performance of simulated dairy farms ���������

��;�

• ���������������������������������������������������������������������������������

���������������������������������������������������������������������������������

����������������������

�
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