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ABSTRACT 

 

The foundation of a simulation model with an agent-based platform was initiated for future use 

in dairy profitability modeling, research development, and education. General dynamics and 

economics were constructed for natality, mortality or culling, production, disease incidence, 

reproduction, genetics, dairy revenues, and dairy expenses. The model allows a user-defined 

existing herd structure to develop over a requested period of time. All factors affecting the 

simulation are defined either by cow (agent) biological processes or by farm policies. Variance 

and stochasticity are assigned to each added cow process or farm policy where appropriate. 

Economics and herd outcomes are summarized at the end of the simulation. To ensure a parallel 

between the model’s utility and concurrent dairy economics and management practices, survey 

and records collection were simultaneously initiated on 55 dairies in New York State. The survey 

consisted of 6 major categories of interest: general herd management, health events records and 

treatment, facility characteristics, calf management, labor dynamics, and reproductive 

management approach. Records were organized for approximately 182,000 calves, heifers, and 

cows for comparative analysis relative to their individual life history and their environmental and 

management conditions established by the survey. Integration of survey information, animal 

records, and simulation model development provided reference data and a foundation for further 

model development.
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PREFACE 

Dairy herd profitability modeling is an extremely dynamic process encompassing a broad array 

of subject matter. The subject matter outlined in this thesis has all been researched in more depth 

and specific research focus in other studies, many of which were better able to control for or 

describe confounding factors. However, there will always be a benefit to descriptive 

observational epidemiology and summarization of farm management practices, updated over 

time. Since commercial dairy system dynamics and the dairy producer as an end user are at the 

core of interest for simulation modeling, we must strive to ensure our modeling approaches are in 

tandem with these dynamic patterns in the field. The summarization of observational information 

coupled with controlled research publications should provide the clearest path forward for 

establishing model parameters and appropriate modeling assumptions. This is the context with 

which we approach the data and present the following information. 
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CHAPTER 1: LITERATURE REVIEW 

 

1.1 Introduction 

Profit variation of dairy systems globally, regionally, temporally, and across varying levels of 

productive efficiency are in evidence throughout the literature. Many regional (Karszes, 

2014), national (Wilson, 2011), and international (Hemme, 2010) publications assist in 

highlighting the broadest factors affecting measures of profitability such as net return on 

equity, net farm income, or annual net margin per cow. Figure 1.1 illustrates that the highest 

cost for a producer to market 100 kg of milk is at times more than double the lowest cost 

within a region. Figure 1.2 indicates even broader variance in production costs when dairies 

are classified by five types of dairy systems operation. Additionally, Figure 1.3 illustrates the 

volatility of key drivers of dairy economics in an eleven year period. 

 

Taken as a whole, these datasets confirm that no simplified metric of a dairy’s performance 

can be used as a marker for general profitability (Brotzman et al., 2015b). Furthermore, they 

highlight the diversity of farm practices and market conditions under the umbrella of 

profitability, or lack thereof, and underscore the need for research and modeling that 

encompass these dynamics based on multiple factors affecting profitability.  

 

More specific to the region of the Northeastern United States surrounding Cornell University, 

there is a trend toward larger herd size (NASS, 2010; Karszes et al., 2015; NAHMS, 2016). 

The majority of larger herds have adopted confined free-stall systems, which present a unique 

set of challenges and management practices (Weary and Taszkun, 2000; Fulwider et al., 2007; 

Gomez and Cook, 2010; Krawczel et al., 2012; Ito et al., 2014; Brotzman et al., 2015a; 
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Brotzman et al., 2015b; Karszes et al., 2015). Confined free-stall systems are dynamic, and 

one area of management practice may affect many others. As these systems expand and 

evolve, research is needed to both observe the status quo of this resultant change and guide 

the path forward for optimal practices from the perspectives of dairy farm financial stability, 

dairy systems sustainability, and animal well-being. Thus, an effective strategy to embrace 

this task is through integrated simulation modeling of dairy herd dynamics and subsequent 

economics.  

 

The challenge is then to strive for development of a dairy profit simulation model that is 

dynamic enough to represent reality, user-friendly enough to garnish adoption, and flexible 

enough for continued update and development programming. This thesis summarizes key 

topics and research publications that guided the core of our modeling approach and supportive 

field research. Our strategy was to review existing dairy herd profitability modeling 

approaches, epidemiological patterns in dairy cattle, and associations between facility and 

management practices and subsequent animal and economic outcomes. The synthesis of 

relationships between these areas of focus became the foundation for a dynamic, integrated, 

and user-friendly dairy profitability model that does not appear to exist in routine usage today. 

 

1.2 Modeling dairy herd performance and profitability 

Publications and decision support tools for dairy economics are plentiful and broad in scope. 

Their diversity is best explained by intent of purpose. We can classify these as either whole-

farm or component models of a dairy system.  
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The intent of whole-farm modeling has varied meaning and covers a vast spectrum of 

research and utility. For example, the Moorepark Dairy System Model (Shalloo et al., 2004) 

investigates the impact of six major spheres of influence on farm profitability in Ireland’s 

production systems. The authors conclude that budgetary simulation modeling of biological, 

physical, and economic processes was useful in modeling the influence of variation in key 

farm profit centers. Wastney et al. (2002) and Beukes et al. (2008) described the use of whole-

farm modeling in the New Zealand dairy system, concluding that both prediction equations 

and constant variable inputs could be successfully used in comparison of management 

strategies and economics for a range of pastoral systems. Beukes et al. (2008) subsequently 

expanded the New Zealand whole-farm model to incorporate the impacts of key management 

factors on reproductive performance into the model. Schils et al. (2007) described the 

development of an empirical model whose simulation enables assessment of technical, 

environmental, and financial processes on a dairy farm using feed supply as its concentric 

theme. The integration of animal-based submodels has been demonstrated in prediction and 

economic accounting of animal responses to influential external management factors 

(Skidmore, 1990). 

 

These published examples of whole-farm modeling techniques illustrate that the phrase 

“whole-farm” is neither indicative of which components of the dairy farm system are 

incorporated in the model, nor the degree to which each component is explanatory within the 

model. Rather, they imply that the outputs of modeled interest, whether financial, animal 

based, environmental, or otherwise, are intended to be accumulated and reported at the whole-

farm level. Consequently, implementation of whole-farm systems modeling does not require 
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exhaustive consideration of every component of the dairy system, but does allow for 

concentric, accumulated themes to be reported as each component is developed and described 

with further research. From the standpoint of modeling efficiency and the ability to provide 

specific, useful results, this is a considerable strength of whole-farm modeling techniques. 

From the standpoint of accuracy and precision for realistic outputs that encompass an entire 

dairy system, this can easily lead to modeling shortcomings. Additionally, broad assumptions 

or weakened pillars of input surrounding the subsystems of the entire dairy limit a user or 

model developer’s ability to explore any effects not initially intended as the core focus of the 

primary model. It is therefore our belief that a technique which leans on strong foundational 

development of all subsystems will be well worth the comprehensive, broader effort. 

 

The compartments or subsystems that may be found within a whole-farm model are 

considered a partial budget or component model of a dairy system. Rotz et al. (1999) focused 

on aspects of cropping and feeding practices in relation to budgetary, production, and nutrient 

excretion outcomes in a component model, and suggests linkage in whole-farm simulation. 

Others aim to describe the individualistic impact of a specific arena of interest, such as 

reproductive efficiency (Giordano et al., 2011; Giordano et al., 2012; Kalantari and Cabrera, 

2012), herd replacement decisions (De Vries, 2006; Shahinfar et al., 2014), or disease (McArt 

et al., 2015).  These allow a user to focus more on a subset of economic outcomes. 

Compartmentalization of sectors within a dairy system is extremely useful for focused 

analysis and implementation of specific areas of financial opportunity. Often, it may lead to 

fewer inputs or assumptions necessary for a useful output. However, the intensive research, 
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construction, and interpretive effort required for component models serve as an illustration of 

how complex the financial linkages of a singular outcome can be to describe.  

 

The biological variation and economic volatility surrounding many parameter inputs of a 

dairy system affects both whole-farm and component modeling. Therefore, there is an 

increased interest in utilization of computing power to incorporate this potential variation 

(Skidmore, 1990; De Vries, 2004; Cabrera, 2010). This is often done using a variety of 

stochastic and deterministic modeling approaches and strategies to represent the dynamics of 

a dairy herd. Examples can be found in animal factor submodels (De Vries, 2006; Giordano et 

al., 2012; Galvao et al., 2013; Liang, 2013), financial risk and investment perspectives 

(Bewley et al., 2010), and models approaching a whole-farm perspective (Shalloo et al., 

2004). Despite added complexity, when given variable or less predictable factors of influence, 

these techniques allow an element of added confidence relative to a more simplified approach. 

This in turn allows the user more flexibility with inputs or enhanced assurance of model 

outputs. 

 

Another approach for model implementation can be found (Mulder et al., 2006) in 

optimization techniques. Optimization is achieved by modeling a point of maximum return or 

the peak of a desired outcome, financial or otherwise. In computed optimization, the user 

allows a range of potential inputs while the model seeks a point of maximum financial return 

within the range of those inputs. In non-computed optimization, a user is able to manually 

seek the same end result with parameter input flexibility. For simulation and output 
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interpretability, increased model complexity may favor the ability of the user to alter 

parameter inputs in search of an optimal outcome, rather than automation during simulation 

(Mourits et al., 1999; Sorge et al., 2007; Cabrera, 2010; Demeter et al., 2011).  

 

Sorge et al. (2007) provides a “user-pursuit” optimization example with CowVal utilization, a 

retention pay-off based model integrated within the dairy record system Dairy Comp 305 

(DC305). CowVal allows a user to efficiently establish current input parameters from on-farm 

data in the DC305 interface in pursuit of optimal herd replacement decisions on a per-cow 

basis. CowVal also serves as an example of farm-based specification and parameter input 

efficiency for enhanced model customization leading to accuracy, precision, and user 

adoption. Computed optimization can be a feature of increasingly or highly complex models, 

some of which allow for multiple optimization outcomes of interest (Doole et al., 2013). 

Dairy systems modeling therefore appear to provide an appropriate scenario to employ 

optimization in either whole-farm or component model simulation approaches. In either 

approach, optimization within a simulation allows for exploration of the maximum financial 

return for one or more target decisions within a dairy system. 

 

For the purposes of dynamic dairy herd modeling, multivariate techniques such as cluster 

analysis or principle component analysis can help clarify some associations of individual 

factors and subsequent outcomes in the context of multiple shared or different dairy practices 

(Brotzman et al., 2015a). These techniques can combine multiple outcomes that, as a group, 

are highly associated with dairy profitability, whereas univariate analyses limit us to 
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explanation of one outcome of interest at a time. The strengths and weaknesses using both 

univariate and multivariate approaches should be considered during exploration of the infant 

stages of simulation modeling. 

 

Agent-based, or individual-based, modeling (ABM) is a technique practiced in the fields of 

ecology (Grimm, 1999), sociology, epidemiology and infectious disease modeling (Codella et 

al., 2015), and in a few cases of dairy research context (Robins et al., 2015). Agent-based 

modeling employs a method of modeling or simulation in which individuals (“agents”) assess 

their defined situation and respond accordingly. These individuals form a cumulative group, 

the summation of the group’s information can be obtained, and the summary of the group’s 

composite information is often the core outcome of modeling interest. Thus, the operation of 

an agent, both dependent and independent of group dynamics, serves as a means to obtain 

population estimates.  

 

Adoption of ABM in the field of ecology has been extensive and has resulted in at least one 

suggested protocol for ABM development (Grimm et al., 2006). Figure 1.4 illustrates a partial 

justification for employment of ABM techniques while providing a conceptual link for the 

mutually beneficial relationship of “top-down” and “bottom-up” model development. These 

terms refer to the strategy of information processing used to describe or model a system. Top-

down strategies start with assumptions or mathematics that describe the overview of the 

system and often identify component subsystems without describing or accounting for them in 

detail. Bottom-up approaches seek to first describe the details of one or more subsystems and 
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allow a layering of subsystems detail to eventually describe the entire system. In horticulture, 

top-down modeling would be analogous to beginning a model with a description of a 

population of trees, while bottom-up would begin by describing an individual seed. Either 

strategy has merit for useful description of the tree. In this manner, ABM can be viewed as the 

quintessence of bottom-up modeling, complementary to top-down modeling approaches, and 

often guided by similar intent of purpose.  

 

Figure 1.5 illustrates ABM implementation organized by six life phases of an agent, Marmota 

marmota. Throughout this workflow, the critical methodology for mortality and natality in 

generating population dynamics are exhibited. Survival of an existing agent, leading to the 

reproductive creation of new agents, allow bottom-up accounting of what is otherwise 

commonly modeled with matrix algebra in a top-down or hybrid approach to population 

demographics over time. The juvenile, yearling, subdominant, floater, and dominant age 

classes are sequentially analogous to calves, heifers, primiparous, and multiparous animals in 

a dairy ABM context. 

 

From an animal-based perspective of ABM implementation, the animal or organism is often 

the agent. McLane et al. (2011) summarizes thirty six published examples from wildlife 

ecology investigations using ABM for individual species. All examples shared some common 

characteristics:  

1) Models were mechanistic or behavior-based in regards to animal movement. A 

mechanistic approach sets rules based on mathematical models influenced by agent-
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related stimuli. These rules are generally rigid and deterministic, and often will not be 

influenced greatly by external stimuli. Behavior-based approaches require a more 

dynamic matrix of decisions to account for multi-faceted responses. Behavior-based 

modeling then introduces the necessity for inclusion of an agent’s internal state. In 

essence, in order to recognize an agent’s response to external influencing factors, a 

simulation model must first continually recognize that agent’s state from past, present, 

or future predictive information to influence the agent in an appropriately reactive 

manner at current. 

2) Species were influenced by environment types and types of habitat selection behavior. 

3) Memory and learning are deemed important in the modeled outcome of an individual 

and classified in different divisions, when significant, in some models. 

4) All studies were categorized by the ecological reasons for which they were 

constructed in the first place. 

 

This brief overview of ABM application in ecology therefore provides three clear 

implications. The first is that, disregarding the aforementioned use of ABM in multiple fields 

of study, within a single field of study we can see diversity in useful implementation. This 

was exemplified by the multiple type classification and diverse intended purpose of ABM 

discussed in McLane et al. (2011). The second is that, although ecological applications aren’t 

as often interested in direct descriptive economics at the end of a modeling effort, one can 

easily visualize how to account for economics by attaching them to appropriate parameters, 

processes, and states affecting the agent’s condition throughout simulation. This is described 
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in further detail in Chapter 4. Thirdly, ABM simulation can prove informative despite an 

array of highly conditional or stochastic dynamics, such as those found in prediction of 

environmental influence, temporally-dependent geospatial dispersal, or animal behavior and 

their influence on wildlife animals and populations. In the dairy system, we can reasonably 

assume much more is known and will be controlled for; therefore, we can expect to proceed 

with more than sufficient explanatory characterization of our agent: the cow. To apply the 

aforementioned examples from ecology to dairy systems ABM, we can further parallel the 

two bodies of work.  

 

The mechanistic or behavior-based categorizations in ecological ABM are analogous to cattle-

based knowledge. This information is needed for description of the agent and continual 

inspection of the agent’s state during simulation time-steps. This knowledge will come from 

an array of literature and animal records both within and among farms that describe the 

agent’s life from entrance at birth until exiting the herd.  

 

The habitat and environmental types are analogous to the herd environment, management, and 

facility dynamics characterized across dairy farms and regions. More specific to this study 

will be these dynamics in confined free-stall herds in the Northeast region of the U. S. These 

will be considered policies that impact specific agent processes as prescribed in Chapter 4. 

These factors will primarily be established by publications regarding dairy practices and 

reported associations between those practices. 
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Memory and learning in wildlife species are analogous to the information obtained from 

historical animal-based records for individuals. These may encompass the propensity of 

individuals to repeat past performance relative to her peers, including performance yield, 

likelihood of health disorders, or fertility. These may be partly a result of dam or sire (genetic) 

information. Therefore, past, present, and future descriptive knowledge of these factors are 

required for ABM construction. 

 

Lastly, the purposes for elucidation of specific ecological principles are analogous to the 

elucidation of component subsystems within a whole-farm dairy system. The purpose of dairy 

systems modeling includes advancement of knowledge regarding population demographics, 

production, health, reproduction, genetics, costs, revenues, accumulated economics, and the 

subsequent interactions of these subsystems. 

 

The application of ABM simulation in a dairy systems context thereby offers a unique set of 

opportunities and potential drawbacks. Its weakness is that the approach inherently requires a 

relatively data intensive input of both the agent and subsystems influencing the agent 

internally and externally. Its strength is the promise that, if subsystems are properly described 

or valid assumptions are made in the interim, there are few other methods with such potential 

for interactive dynamics accounting for one subsystem’s impact on another, and diverse 

descriptive outcomes that can be summarized with such interaction. It is this massive potential 

that ABM simulation promises, and its apparent absence from current dairy modeling 

literature, that drives us to explore its development. At the heart of our efforts, commercial 
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dairy systems will primarily drive the data supporting this ABM development with the intent 

that it someday becomes most useful to those same systems at the farm level. 

 

1.3 Epidemiological patterns in dairy cattle 

Epidemiology is the study of health and disease conditions among populations and subsequent 

description of patterns, causes, and effects of these conditions. Of particular interest and 

financial complexity are the patterns of positive (e.g., pregnancy, live birth) and negative 

(e.g., disease, mortality) events that can be described for dairy cattle throughout their life 

history. Subsequently, causative factors that influence the likelihood of incidence and timeline 

of those events must be explored and defined in order to account for their economic impact. 

Although the combinations of events that can occur to a particular dairy animal (or any 

species) are infinite, a dairy simulation model will have the distinct advantage of utilizing a 

finite set of informative data across many dairy farms. These events are: birth, disease 

incidence, pregnancy, abortion, dystocia, and, ultimately, each animal’s life will culminate in 

leaving the herd by death, dairy sale, or slaughter. To the detriment of simplistic modeling 

pathways, these are all highly dependent and not mutually exclusive in any combination. 

Where any of this information is lacking for an individual dairy, data existence from literature 

and other dairy records allow for reasonable modeling. 

 

When describing the probability of each event individually, the incidence risk (IR) is 

established using discretely defined time periods (Kelton et al., 1998).While there is no 

mandate to risk period definition with an allowable spectrum of daily to lifetime probabilities, 
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time periods representing the end of a cycle or periods of accelerated risk (hazard) are most 

useful. The IR of disease in lactating cows is often summarized by 30 to 60 day postpartum 

risk (McArt et al., 2012) or lactation incidence risk (LIR) periods (Kelton et al., 1998) while 

replacement heifers are often summarized near weaning, first insemination, or first parturition 

(Wathes et al., 2008). Figure 1.6 provides an example of a disorder (ketosis) with elevated IR 

during the early postpartum period. In this example, the likelihood of subclinical ketosis 

incidence is portrayed by day after parturition, with highest risk in the first week after calving 

with rapidly dissipating risk subsequently. Figure 1.7B illustrates a disease more evenly 

distributed throughout the lactation and with different risks, reported here as an incidence 

rates, illustrated by Figure 1.7A for different parity groups. With this example, it becomes 

evident that both age (parity) factors as well as lactational tracking of some disorders are 

required to capture both the magnitude and temporal pattern of the risk of an event. 

 

For other events of importance that occur during the entire lactation or most of the lactation, 

the risk of the event is calculated for multiple periods of the same time duration. For example, 

when describing the pattern of pregnancy during lactation or the breeding period in non-

lactating heifers, the risk of pregnancy is calculated per 21 d periods after cows or heifers 

become eligible to become pregnant until the end of lactation or the breeding period. Whereas 

the insemination risk or service rate refers to the proportion of cows inseminated during a 

period of 21 d following a date of breeding eligibility criteria, the conception risk is the 

probability of conception given an insemination has occurred. The multiplication of these two 

rates is thereby referred to as the pregnancy rate per 21 d cycle (approximation to the duration 

of one estrous cycle). These time intervals and probabilities can be used to explain most of the 



  14 

variation in onset of pregnancy within individuals and across dairies. While the onset of 

pregnancy can still be described using any of the aforementioned probabilities or risk periods, 

the specific dynamics of the reproductive processes in dairy farms provide a biological 

reasoning for a separate approach to descriptive reproductive epidemiology. 

 

Associations between correlated events or causative factors often use odds ratios or relative 

risk, also known as risk ratios (RR), to approximate the increase or decrease in IR given an 

exposure factor for that animal or population. While odds ratios will often mirror a similar 

approximation as RR, care should be taken not to interpret them as such, due to potential 

overestimation of true effect, lack of intuitive interpretation, and the inability to directly infer 

individual probabilities of exposed versus unexposed animal populations from an odds ratio 

analysis (Ospina et al., 2012). Estimates of RR and their direct inference to comparative 

probabilities assist in establishment of population attributable risk (PAR), or the portion of an 

event probability in a population that is explained by a given influent factor. The 

summarization of PAR can be useful for both describing the attributed risk of an event 

occurring given another event has also occurred (McArt et al., 2012) as well as attribution of 

risk given an array of causative or associated factors.  

 

The occurrence of certain health and physiological events as well as the productive and 

reproductive performance of dairy cattle depends upon multiple other factors and the 

occurrence of other events. Therefore, previous studies have used different approaches to 

account for these interactions. For example, path analysis (Figure 1.8) has been used to 
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describe the probabilistic linkages (Curtis et al., 1985; Erb et al., 1985; Parker Gaddis et al., 

2012) between the incidence risk of multiple events in dairy cows. Figure 1.8 and similar 

publications assist in visualization of interconnected events and their effects on other events. 

Using mastitis in this example, it is apparent that mastitis directly increases the likelihood of a 

cow exiting the herd because of its direct effect on cow health and indirectly through its 

influence on reduced milk production. The risk of mastitis itself is also affected by other 

factors such as age of the animal. Further, the age of the animal also directly influences at 

least 5 other outcomes.  

 

While the association of multiple events and performance parameters with one another is 

clear, this attribution often suggests a linkage of preceding physiological cause rather than a 

cause and effect relationship of the events themselves (McArt et al., 2015). There are direct 

deleterious financial impacts for both health disorders and reproductive losses. Furthermore, 

these interconnected and dependent events will also be the primary driver of milk production 

effects described in many studies (Rajala-Schultz et al., 1999; Penev and Stankov, 2015). 

Since milk production will drive the primary revenue economics in any dairy model, 

appropriate description and assumptions surrounding these events and their relationships are 

critical. 

It is important to note that the occurrence and recording of any event will be subject to the 

errors of the method(s) by which they are diagnosed or recorded presenting challenges that 

should be considered for research and modeling. For example, for reproductive performance, 

pregnancy diagnostic tools and techniques, and the timing of embryo development and 
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pregnancy losses are important. For health disorders, the variation in sensitivity and 

specificity provided by the methods used for disease detection, health event definition, and 

recording practices within or between dairies should be considered. Additionally, the level of 

diligence or compliance in procedural consistency for diagnosis and record entry will 

influence the recognition of event patterns, as will consistency of definition, diagnosis, and 

entry practices from person to person within a dairy. A good example is the use of producer-

recorded health event data. Although this type of data has been often useful in obtaining large 

quantities of information across a broad array of dairy practices and used descriptive and 

associative analysis, the potential for under-reporting or over-reporting incidence rates should 

be considered (Parker Gaddis et al., 2012). Thus, when using producer-recorded health event 

data for analysis, editing criteria to control for record completion and event definition 

differences are suggested (Parker Gaddis et al., 2012; Wenz and Giebel, 2012). 

 

In summary, to encompass the quantification, random error, and multifactorial nature of herd 

dynamics for use in ABM simulation, multiple epidemiological methods can be utilized 

independently or in combination.  

 

Daily probabilities, daily incidence risk, or daily hazards are interchangeable definitions for a 

method to quantify the risks within a given period while controlling for the daily increment of 

time for that risk. Daily probabilities can also be considered either an incidence rate or an 

incidence risk. In the context of a rate, the denominator becomes a unit of one cow-day on the 

day of interest. In the case of a risk, the daily probability is simply the incidence risk of an 
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event occurring to any animal that is present on the day of simulation time. All animals 

present on that particular day thereby become the denominator in either case. While 

accumulations of these daily probabilities, or the average across time (hazards) and 

subsequent time to an event are more often reported for enhanced interpretability and 

statistical power, large datasets can reduce the error associated with daily probabilities and 

provide informative statistics or assumptions surrounding each day at risk. To apply ABM 

concepts to dairy herd dynamics and economics, daily probabilities for a daily simulation 

time-step provide the most precise method for mathematical incidence risk incorporation.    

 

1.4 Herd exit dynamics 

An animal entering (live birth) or exiting (cull) the herd is a paramount outcome of modeling. 

The duration of events, costs, and income generated between birth and a cull will strongly 

imprint the economics of any simulation over time. The synergistic connectivity of all other 

modeled parameters (e.g., age, parity, health history) will define the probability of a cull. Yet, 

culling is one of the most ambiguous outcomes of the dairy enterprise. As verified by the 

National Animal Health Monitoring System (NAHMS) for dairy cattle in 2014 (NAHMS, 

2016), culling is inevitable yet is only a clear financial negative in cases of death (4.8% of 

cows), which was a small proportion (14.5%) of overall culls in dairies. In cases of dairy 

sales, a voluntary decision is made to market a viable dairy animal for income, while the 

decision to sell an animal for beef (slaughter) can be positive or negative and highly subject to 

market conditions (Weigel et al., 2003). Thus, we now encounter one of the more difficult 

parameters to clearly define. 
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A review of culling (Fetrow et al., 2006) recommends adhering to dairy sale, slaughter, and 

death for the broadest categorical definitions with the least ambiguity, provides a preferred 

reporting calculation for overall culling, and suggests it be termed “turnover rate”. The review 

highlights the propensity for the industry to calculate and define turnover rate in many ways, 

and inconsistently. The authors also suggest that terms such as voluntary and involuntary 

culling are subjective, and their use across multiple dairies may not be comparatively 

informative. Figure 1.9 illustrates the distribution of culling risk throughout lactation. With 

this example, it is evident that culling can be temporally quantified as any other event 

occurring in dairy herds and incorporated into daily ABM simulation. The three distinct 

periods of culling risk (prior to 100 DIM, 100 to 300 DIM, and beyond 300 DIM) during 

lactation also indicate that to capture the true effect of culling on herd dynamics and 

economics it may be necessary to model culling according to the stage of lactation. Indeed, 

the reasons and economic consequences of culling may be different in each period. 

 

As with any event occurrence, the IR of a cull can simply be clarified by numerator, 

denominator, and risk period definition. Examples (Dechow and Goodling, 2008; Vergara et 

al., 2014) can be found throughout the literature and format is dependent on reporting 

purpose. Since reasons for death or slaughter vary, better dairy records and further research 

help define the basal cause for each (Milian-Suazo et al., 1988).  The patterns of culling risk 

attributed to an individual reason can be described using disposal codes from on-farm dairy 

records (Milian-Suazo et al., 1988; Pinedo et al., 2010). In this regard, the most common 
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disposal codes and reported percentage of all culls (31.7% of all cows, annualized) for 2,054 

dairy farms and over 3 million culled cows in the U.S. were described as death (20.6%), 

reproduction (17.7%),  injury/other (14.3%), mastitis (12.1%), low production (12.1%), feet 

and leg issues (8.1%), disease (6.9%), udder (3.2%), and a reason not reported (5.0%) (Pinedo 

et al., 2010).  

 

Others (Grohn et al., 1998; Booth et al., 2004; De Vries et al., 2010; Pinedo and De Vries, 

2010; Dubuc et al., 2011; Shahid et al., 2015; Vitali et al., 2015) quantified the basal causes of 

these culling risk factors by more sensitive and specific proxies than disposal code categories 

provide.  

 

As a whole, a variety of culling risk factors were identified for mortality or lives sales 

(slaughter). These risk factors were primarily animal-based but were also externally 

influenced by environmental characteristics or practices. These animal-based metrics, which 

can be viewed as point-source risks, all increased risk of culling and included: poor 

performance (primarily through growth or milk production), delayed conception, and past 

occurrence or greater future risk of health disorders. Other records that provide specific 

animal-based biometrics such as milk volume, milk components, or somatic cell count can 

also serve as proxies for general biological status of the cow and subsequent increased risk of 

culling (Shahid et al., 2015). While characterization of facility and management practices are 

also at times directly linked to culling, it is through these animal-based measures and their 

range of display within a herd that these factors exhibit themselves. 
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For general exploration of factors or patterns associated with culling, survival or hazard 

analysis provide a seemingly ideal methodology (Weigel et al., 2003; Meadows et al., 2006; 

De Vries et al., 2010; Dohoo et al., 2012). In non-parametric approaches such as Kaplan-

Meier or life table comparisons, its utility is limited to univariate analysis while parametric 

techniques employed in Cox proportional hazards regression techniques allow a broader 

multivariate comparison of survival probabilities and rates as affected by more than one factor 

(Allison, 1984). In either case, these analyses have the advantage of maximizing data known 

for an individual up to that point, and do not require that all experimental units (animals) have 

been eligible for a uniformly defined risk period.  

 

Univariate analysis is thus commonly used in a first step for identifying differences between 

survival functions given a singular factor is different between two populations. On the other 

hand, hazard analysis can provide a subsequent integrated regression approach to evaluating 

multiple factors for multiple populations (De Vries et al., 2010). However, hazard analysis is 

most robust when the fewest experimental units are censored, when many animals have 

experienced the binary event of interest, or when most have at least experienced a sufficiently 

long duration of risk. Additionally, the proportionality assumption can easily be violated 

when any of the independent variables of interest have a time-sensitive influence on hazard 

rates (Allison and Books24x7 Inc., 2010). In such cases, techniques exist for evaluation of 

time-dependent covariates and non-proportional hazard effects but, these effects must be 

relatively pre-defined going into the analysis. Thus, employment of these techniques should 
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be viewed with caution in the context of culling on dairy farms if most animals in a cohort 

have not been followed to life’s completion and if the effects of particular dairy herd 

covariates of interest are uncertain to be the same across dairies and within specifications of 

time.   

 

The total cost of a cull (also known as the cost of replacement) is difficult to summarize. At 

its most basic, it is often represented as the difference between rearing or purchased costs of 

replacements and the sales price received for the cow that has exited and is being replaced, 

amortized over the life of the cows (MSWFT, 2009). This equation simplifies true costs, as 

mortality (those cows that do not make a disposal sale) is considered dilutive to live sales. 

This static approach to culling economics can be useful for general dairy cost estimates, but 

quickly sidesteps additional pertinent factors such as the milk production differential between 

older and younger cows, the increased risk of health disorders with age, and a general increase 

in mortality risk with age. 

 

Therefore, beyond general economic losses as a result of an undesirable or expedited cull 

(such as death) there are a few core concepts of dairy economics that should be captured 

accurately with simulation modeling. These pertain to cow longevity, or more specifically the 

ability of an individual animal to recoup invested rearing or purchase expenditures. Numerous 

economic analyses (Mourits et al., 1999; Tozer and Heinrichs, 2001; Karszes, 2014) indicated 

that a return on initial heifer rearing or purchase investment required a minimum of one to one 

and a half lactations, and thus a timeline less than such is considered costly. Conversely, 
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dairies often have a limitation to occupancy space or herd growth, all cows have a limit to 

optimally productive life, and incoming generations of replacement heifers often promise 

genetic improvement. Consequently, there may also be financial incentive to avoid extraneous 

cow longevity.   

 

Any environmental or animal based factor associated with production, reproduction, or health 

history of the animal individually or combination may impact culling risk. However, external 

factors such as milk price, feed price, cattle value, and slaughter value can also have an 

impact on both the probability of a cull occurring and the economics surrounding the cull. As 

an entity, these dynamics themselves become an outcome of simulation interest, and are to be 

regarded with careful forethought in simulation modeling. 

 

1.5 Facility and management associations with dairy cattle performance 

Many facility or management factors affect the health, productivity, and reproductive 

performance of dairy cattle. Because of the diversity of management practices within and 

across dairy systems, research and consulting efforts are continually attempting to establish, 

reaffirm, or elucidate these factors and their hierarchical and interconnected relationships.  

 

Given the relatively large initial and overhead cost of constructing new or changing existing 

facilities, there is substantial interest in identification of bottlenecks to an existing system 

placed in the context of its expense and time to return on investment. Direct and indirect 
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associative effects of disease on performance, such as lameness (Cook, 2003; von 

Keyserlingk et al., 2012), are well established for many facility characteristics. These include 

stall dimensions, flooring, bedding depth and type, residual time budget allowed for non-

milking activities, stocking density, feed delivery patterns, or bunk space access.  

 

Several factors have such strong and linear relationships to production or other metrics that 

their effect can be modeled irrespective of many other factors. Two lucid examples of this 

include bovine somatotropin (bST) use (Skidmore, 1990) and milking frequency (Soberon et 

al., 2011). In such cases of linear or deterministic certainty, steps to accurately model the 

production effect will generally not require consideration of as many interactive elements. In 

slightly more stratified linkages, such as a management factor’s link to delayed conception 

and subsequent effect on cow or herd long-term milk production, the modeled effect may be 

indirect but relatively predictable. Primary, secondary, and tertiary effects of a variable on a 

particular outcome can thus be prioritized in order to first account for impacts that have a 

more known level of certainty and are most likely to capture the majority of the impact. As 

there will be few short-term economic repercussions, delayed conception also serves to 

illustrate that lag (the time required for an effect to exhibit its impact) should be handled in a 

time-dependent model over an appropriate simulation length of time. 

 

Based on these data and associations, the challenge becomes three distinct opportunities. The 

first is to identify which associations to facility and management are most likely to be 

relevant. The second is to prioritize those that are most relevant to the end user. The third is to 
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accurately create space and time within simulation for modeling these associations and 

interdependences.  

 

1.6 Conclusions and Objectives 

Many years and a few accelerated decades of dairy research provide a strong foundation for 

prioritization of concepts in dairy simulation and profitability modeling. However, no robust 

amount of research can safely presume that its findings have external validity- or apply 

outside of the context of the study’s space and time and in all applicable and diverse 

situations. Care needs taken to avoid pitfalls that would threaten the simulation’s accuracy, 

precision, and general usefulness in a broad sense. Thus, general objectives become to explain 

as much variance as possible with regards to production, health, reproduction, culling, and 

genetics given the existing science. This should be done without over-parameterization of 

weak or speculative principles. Awareness and painstaking caution should also be used to 

consider overlapping and over-accounting of probabilistic, numeric, or economic outcomes 

that are affected by multiple causative factors. A final implication is that, in some cases, it 

may be better to oversimplify parameters than under-describe complex functionality.  

 

In this light, all linkages need either to be modeled appropriately and conservatively, placed in 

Boolean logic terms relative to their hierarchy of influence, or left excluded as part of the 

error terms in the model.   
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The objectives of this thesis are to explore pathways and priorities by which dairy practices, 

facility characteristics, epidemiological patterns, and associations among these may be 

integrated in a singular, dynamic dairy profitability simulation model. Thus, this thesis 

includes three separate chapters: 

1. A survey and review of management practices and facility characteristics in New York 

State dairy farms, 

2. Pairing of survey responses with animal records for associative data analysis using a 

retrospective observational cohort study design, 

3. Initiation of an integrated, agent-based, dairy profitability simulation model 
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Figure 1.1: Global costs of milk production by region in 2010. Source: (Hemme, 

2010). ECM = energy corrected milk. 

Figure 1.2: Global costs of milk production by dairy system classification in 2010. 

Source: (Hemme, 2010). ECM = energy corrected milk. 
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Figure 1.3: Annual coefficient of variation (%) of the cost for agricultural commodities from 1998 to 2009. 

Source: (Hemme, 2010). 

 

Figure 1.4: Conceptual diagram of the mutual relationship between top-down and bottom-up approaches in 

ecological modelling. Source: (Grimm, 1999).   
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Figure 1.5: Life history of the model marmots showing the transitions between different age and social 

classes, as well as the processes which cause these transitions (from Grimm et al., 2003, after Dorndorf, 

1999). Source: (Grimm et al., 2006). 
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Figure 1.6: Histogram of incidence of subclinical ketosis (SCK) in 1,717 Holstein dairy cows undergoing 

repeated testing for ketosis from 3 to 16 DIM. Source: (McArt et al., 2012). 

Figure 1.7A and Figure 1.7B: A) Distribution of the incidence rate of clinical mastitis (ICRM) per parity and 

B) of clinical mastitis (ICRM) per week after calving for heifers (▼) and older cows (■). Adapted from: 

(Barkema et al., 1998). 
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Figure 1.8: Final path analysis model for multiparous lactations -P<0.10, *P~<0.05. OR = Odds ratio. All 

continuous variables are deviations from herdmate average. (2,066 multiparous Holstein lactations begun and ended 

between March 1981 and August 1983 in 1,785 Holstein cows; 33 herds; Ithaca, NY). Source: (Erb et al., 1985). 

Figure 1.9: When cows leave the herd and risk of leaving the herd (MN DHIA data, October 1996–October 2001). 

© MWPS (Midwest Plan Service), Iowa State University, Ames, IA, www.mwpshq.org. Used with permission: 4-

State Applied Nutrition and Management Conference. MWPS-4SD16. Source: (Fetrow et al., 2006). 
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CHAPTER 2: SURVEY OF MANAGEMENT PRACTICES IN NEW YORK STATE 

DAIRY FARMS 

 

2.1 Abstract 

A survey regarding general herd management, health event and treatment records, facility 

characteristics, pre and post wean calf management, labor characteristics, and reproductive 

management was conducted on fifty five free-stall dairies in New York State between January 

and May of 2014. The purpose was to provide baseline information for decision support tool 

development and associative data analysis of animal outcomes. Data from 2014 were used to 

describe average herd size as 1,150 ± 603 lactating cows producing approximately 38 ± 2 kg 

milk daily. General herd management responses established mean milking frequency as 2.86 ± 

0.33 times per day while 40% of dairies affirmed the use of bST. Replacement calves and heifers 

were birthed and raised solely on-farm for 53% of study farms whereas the remaining 47% 

reported varied replacement rearing and purchasing approaches. Health event and treatment 

questions were designed to establish records entry usage for mastitis, lameness, displaced 

abomasum, dystocia, ketosis, metritis, milk fever, retained placenta, pneumonia, diarrhea, and 

paratuberculosis as well as event definition and treatment approach for each disorder within each 

dairy. Facility questions established that most (93%) dairies housed lactating animals in 3 or 6-

row barn design while 22% utilized some amount of 4-row barn design. Other questions in this 

section established common practices for bedding, stall dimensions, feeding, and time away from 

the pen for other activities. Calf management questions established colostrum, milk feeding, and 

weaning practices while establishing that 52% of these dairies housed calves in hutches and 42% 

in individual pen calf barn designs. Questions regarding labor aimed at establishing 

compartmentalized time investments for milking cows, adult cattle management, heifer 

management, calf management, training frequency, and experience levels of training personnel. 

Responses related to reproductive management indicated that first inseminations were based on a 
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combination of estrus detection and timed AI techniques for 60% of dairies for lactating cattle 

while 69% of dairies relied solely on estrus detection for first insemination of heifers. Further 

questions defined AI techniques and described estrus detection tactics as well as policies for 

breeding criteria and non-pregnancy diagnosis.  Results of this study can provide useful 

information for the comparison of dairy practices, associative data analysis of animal 

performance outcomes, and guidance for field study designs. 

 

2.2 Introduction 

Dairy managers continually seek knowledge and implementation of practices that may improve 

farm profitability. In this regard, survey data allows researchers to evaluate the level of current 

adoption of suggested management practices and adoption of available technologies. Moreover, 

survey data can be useful (Kellogg et al., 2001; Meyer et al., 2011; Da Costa et al., 2016) to 

describe existing facility characteristics and apply this information in outreach programs, 

consulting, and further research study design (Brotzman et al., 2015b). Because of the 

interconnections among management practices, facility characteristics, herd milk production, 

herd health, herd size, and reproduction, descriptive compartmentalization of these practices is 

useful prior to subsequent integrated analysis. 

 

In the further interest of adopting best practices, dairy producers and their consultants also seek 

decision-support tools that enable exploration of herd performance and opportunities (Dobos et 

al., 2001; Bewley et al., 2010; Giordano et al., 2011). Survey information describing current 

farm practices enhance in planning and development of these tools.  
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The aim of this survey was to describe production and demographic information for study herds, 

observe the commonality or diversity between facility characteristics and management practices, 

classify these measurements and practices into 6 major categories of dairy herd management, 

organize them for future associative data analysis, and integrate the results of these efforts for 

dairy herd simulation modeling.  

 

2.3 Materials and methods for survey data collection 

2.3.1 Survey data collection 

Fifty six New York State dairy farms were contacted based on their use of DC305 

(DairyComp305, Valley Agricultural Software, Tulare, CA), participation in the DHI test day 

program, and housing of lactating cows in free-stall barns. All dairies were located in the Central 

and Western region of New York State. Surveys were completed from January to May of 2014. 

One dairy was eliminated for failure to complete the survey. To enable pairing of practices 

established in the survey with potential production, health, reproduction, and culling outcome 

associations, on-farm records from on-farm dairy management software (DC305) were obtained 

upon survey initiation and again approximately one year later. 

 

Based on data from all test-days in 2014 for each herd (n = 63,238 average cows on test-day), 

average herd size (mean ± S.D.) was 1,150 ± 603 (range = 168 to 3,169) lactating cows, herds 

were comprised of 39.5 ± 4.0% primiparous animals, producing 38 ± 2 kg milk per day. Average 

milk fat concentration (MF) was 3.83 ± 0.15%, milk true protein concentration (MP) was 3.09 ± 

0.05%, and herd linear score was 2.25 ± 0.40. As measured by mean milk production of test-days 

in 2014, primiparous cows produced 87% of second parity and 83% of third or greater parity 

production levels, respectively.  
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2.3.2 Question design and response review 

Survey questions were comprised of six sections: general herd management, health and treatment 

records, facility characteristics, pre and post-weaned calves, labor, and reproductive 

management. The survey is provided in its entirety in Appendix A.  

 

Surveys were distributed in person or through email. In most cases, surveys were conducted and 

finalized in person by the author and other research personnel. In two cases, a survey was 

returned through email without substantial personal communication. Respondents were 

encouraged toward full completion of the survey. There were instances of response omission and 

partial non-applicability of particular questions for some dairies. Omitted or vague responses 

were either clarified in person or left blank for future exclusion if a given question was of 

interest in associative data analysis.  

 

Inquiries were a combination of hard questions (objective numerical or binary data) and soft 

questions (subjective in nature or for open clarification) in an attempt to encourage dynamic 

answers for better understanding or classification of a respondent’s reply. Dairies were 

encouraged to allow multiple management personnel most responsible for each particular 

section’s topic complete their respective portion with research personnel. The nature of the 

questionnaire was to both establish the core elements of dairy practice for each of the six sections 

while also defining the within-farm factors or practices that may influence how these responses 

should be best utilized in associative data analysis. 

 



  35 

Survey questions, responses, and response omission tallies were organized and summarized in 

Excel (Microsoft Corporation, Redmond, WA). Approximate values for health disorders 

treatment approaches (treatment expense per disease case) were established using a range of 

local veterinary supply costs. For dairies with nearly complete records entry compliance (≥ 90%) 

on individual diseases, a component disease cost of treatment was established for individual 

diseases and standardized per 100 cows that experienced 60 days at-risk for each dairy. All 

values reported in tables and in text are reported as mean ± S.D. unless otherwise stated.  

2.3.3 Facility measurements 

Survey responses requiring dimensional measurement of facility characteristics or stall counts 

were accepted after the following protective protocols. When possible, measurements were taken 

directly by study personnel using actual counts for number of stalls, dairy records for number of 

animals in pens, and direct measurement of stall dimensions, bedding depth, and manger lengths.  

 

To protect against the possibility that answers or measurements were skewed by timing of the 

visits to the dairy, survey questions established which pens would be most representative of each 

metric for the vast majority of animals, and if the current snapshot of those pens was highly 

representative of the entire study period. Examples include the number of animals in each pen or 

whether the bedding amount was skewed by the visit days relative to bedding days. In cases 

where a concern against these principles arose, measurements were repeated or records reviewed 

multiple times throughout the study period to construct the most appropriate entry. In an 

extremely diverse or complex scenario, such as new barn construction during the study period or 

multiple dissimilar sites for cattle housing, an appropriate response was omitted to ensure no 

future use of the data in question for that particular dairy. 
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The objective was to establish the average experience of the average animal group(s) of interest. 

In all cases, despite variation within dairies, either reasonable estimates were arrived at or a dairy 

was excluded for that subset of data analysis. To ensure a narrow margin of error in stocking 

density (animals divided by stalls), extra precautions were taken to use mean animals per pen 

over sufficient time (at minimum, the start and end of the study period) and across a sufficient 

amount of pens to represent no more than a few percent stocking density variance. The accuracy 

and precision of this metric is more sensitive to variance from animal numbers in smaller herds 

than larger herds, dependent upon the group in question and housing methods.  

 

To ensure a narrow margin of error in stall measurements, no less than three stalls per 

representative pen were measured. Given the major differences of head to head stall dimensions 

compared to wall stall dimensions in 6-row style freestall barns, a two-third to one-third 

weighted contribution of head to head dimensions versus wall stall dimensions were assigned. 

For bunk space establishment, measurements were performed on sufficiently large pens or across 

enough pens in an effort to reduce measurement error. Bedding depth data was collected above a 

given stall surface. When multiple bedding types existed within a particular dairy, this usage was 

described in the survey results but the predominant bedding type was established for animal-

based data analyses. An objective measure of stall surface or softness was not distinguished or 

described in this study.  

 

Figure 2.1 illustrates 3 of 4 stall characteristic measurements used that were specified in (von 

Keyserlingk et al., 2012). Body resting length (BRL) was defined as the distance from the brisket 

locator to the rear curb of the stall. In the absence of a brisket locator, BRL was the horizontal 

distance established from the vertical of the neckrail to the stall base and from this point to the 

rear of the stall. Total stall length (TSL) was defined as the distance from the rear of the stall to 
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the forward most lunge space allowed by a wall, or the midpoint in head to head stalls. Stall 

widths (SW) were measured on loop centers. Neckrail height (NRH) was measured from the 

bottom of the neckrail to the mean height of bedding depth reported or measured.  

 

 

2.4 Summary of survey data 

2.4.1 General herd management 

Results of general herd management questions are summarized in Table 2.1. Calves and heifers 

were reportedly born and raised exclusively on the farm for the replacement program of 53% of 

study participants. Milking frequency was determined as 2 times per day for 11% of dairies 

while mean milking frequency was 2.9 ± 0.3 across herds. Of 47 herds that responded to the 

question of bST use, 47% affirmed usage on 87% of eligible cows starting at 76 ± 27 days in 

milk. Forty percent of respondents perceived no herd growth was occurring while 60% reported 

growth at some level and most (91%) reported growth to be as-desired. Disposal codes were 

entered and specified by 93% of study dairies with varied approaches to which reason is 

specified upon the final sale or death registry. Many (43%) reported having only pure-bred 

Holstein Friesian cattle while the remainder reported an average of 4% mixed or other breeds. 

This section allowed classification of basic herd management and record keeping dynamics 

including heifer rearing practices, herd growth ambitions, disposal records and categorization, 

and factors known to influence milk production. 

 

2.4.2 Health event and treatment records 

Health event and treatment questions were designed to establish records entry usage for mastitis, 

lameness, displaced abomasum, dystocia, ketosis, metritis, milk fever, retained placenta, 

pneumonia, diarrhea, and paratuberculosis as well as event definition and treatment approach for 
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each disorder within each dairy. The diversity and commonality of multiple diagnosis and 

definition criteria were of particular interest in summarization. 

 

Results of herd health event and treatment records are summarized in Table 2.2(a,b). Frequencies 

of common practices were described along with descriptive statistics of numerical responses. 

Compilation summary questions for software-assisted disease detection and prophylactic 

postpartum treatment approaches are provided at the end of the Table 2.2a and organized in 

Figure 2.2.  

Component costs of disease treatment are reported in Table 2.2b.  This calculation represents the 

sum product of the type of therapy most commonly chosen for each disease and its estimated 

cost per unit multiplied by the mean dosage or frequency of daily administration multiplied by 

the mean duration of administration (in days). Other labor, milk loss, culling, reproductive, or 

administrative costs were not considered. 

 

All event records suspected to be in common usage prior to the study were confirmed at varying 

levels of detection and entry diligence. Using on-farm records for validation, the correspondence 

between a respondent reporting that they record a particular disease event for lactating cows and 

a confirmed entry being found was 100% for mastitis, 98% for retained placenta, 94% for milk 

fever, 93% for ketosis, 92% for indigestion or diarrhea, 87% for metritis, 87% for displaced 

abomasum, 80% for pneumonia, and 79% for lameness. Some records of lameness were lost due 

to non-segregation from maintenance trim event entry type. 
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2.4.3 Facility characteristics 

Responses regarding facility dynamics and characteristics are summarized in Table 2.3. Most 

herds (93%) housed their lactating cows in 3 or 6-row freestall barns. Mean stocking density 

(cows/stall) and bunk space access (cm) were 118% and 41.8, respectively. Stocking density and 

bunk space were less variable for entire lactation pens (11 and 21% CV, respectively) than 

prepartum and postpartum groups (>15 and >30% CV, respectively). Stocking densities were 

lower  (97% ± 17% vs. 118% ± 13%, respectively) and bunk space access was greater (61 cm ± 

21 vs. 42 cm ± 9, respectively) for pens holding periparturient cows (~60 days before to 60 days 

after calving) relative to pens holding cows for the rest of their lactation (~>60 DIM).  Figure 2.3 

illustrates the association between cow manger space and stocking density in 6-row and mixed 

barn designs for lactating cows (~>60 DIM). Stall dimensions and bedding depth were similar 

for lactating and periparturient pens. Figure 2.4 provides a histogram of bedding depth practices 

above any stall surface and indicates a relative dichotomy of practice frequency. Stall surfaces 

were not described or distinguished in this study.  

 

All farms reported the use of fans in lactating pens while 87% used fans in the parlor or holding 

area. Approximately half of dairies used mechanical water application for evaporative cooling in 

pens whereas 67% reported mechanical water application in the parlor or holding area.  

 

2.4.4 Pre and post-weaned calves 

Responses regarding pre and post wean calf management are summarized in Table 2.4. The use 

of hutches and individual pen calf barns represented the majority of housing for calves fed milk. 

The most prevalent source of colostrum was that harvested on-farm (85%) while sources for milk 

solids were diverse. Most dairies (63%) delivered milk feedings twice daily and weaned calves 
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in a stepdown process (90%). The timing of weaning and stepdown initiation varied substantially 

across farms.  

 

2.4.5 Labor 

Responses regarding labor and personnel management are summarized in Table 2.5. When 

summarized for daily time invested (total hours) per equivalent scale (100 lactating cows), 

reasonable estimates for lactating and replacement animal management were obtained. On-farm 

managers responsible for oversight and employee training of the calving area had 16 ± 12 years 

of experience (n = 51 farms) while management personnel responsible for oversight of disease 

diagnosis, treatment, and associated employee training had 20 ± 12 years (n = 50 farms). Various 

supplemental continuing education approaches and trainers were also utilized including 

veterinarians, herd consultants, and pharmaceutical company representatives. Herd managers and 

veterinarians had a larger role in disease diagnosis and treatment than in calving management 

training (58% vs. 48% for veterinarians and 76% vs. 67% for herd managers). 

 

2.4.6 Reproductive management 

2.4.6.1 Replacement heifers 

Responses regarding the reproductive management of dairy heifers are summarized in Table 

2.6a. Most (96%) dairies used age as their criteria to begin inseminating replacement heifers 

whereas, weight and other criteria were less prevalent (<45%). The majority of AI services were 

accomplished through estrus detection (ED). Among the different methods used for ED, visual 

observation (81%) was the most prevalent, followed by tail chalking (45%). Synchronization of 

estrus with prostaglandin was the most common strategy to submit heifers for insemination. 

Synchronization of ovulation for timed AI was used more for second and greater than for first AI 

service. Transrectal palpation and ultrasonography were the most prevalent methods used for 
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pregnancy testing and used by a similar proportion of dairy farms. Bulls were used for at least 

some heifer inseminations in 49% of dairies while 63% of respondents utilized on-farm 

personnel for AI administration. 

 

2.4.6.2 Lactating cows 

Responses regarding the reproductive management of lactating cows are summarized in Table 

2.6b. A majority of herds (60%) utilized synchronization of ovulation protocols, or 

synchronization of estrus and ovulation protocols, in conjunction with ED to submit cows for 

insemination. The Presynch-Ovsynch protocol was used to submit cows for first AI service by 

76% of the herds whereas the Ovsynch protocol was used for resynchronization of ovulation and 

TAI for second and greater services by 89% of the herds. Visual detection of estrus was the 

predominant method of ED (82% of the farms), followed by tail chalking (36% of the farms). 

Rectal palpation and transrectal ultrasonography were the most common methods for non-

pregnancy diagnosis. Transrectal ultrasonography was used by 65% of the herds, whereas 47% 

of the herds used rectal palpation. Blood testing was reported by 4% of the herds. Visual 

detection of estrus was the predominant method of ED (82% of the farms), followed by tail 

chalking (36% of the farms). Bulls were used for some inseminations of lactating cattle on 15% 

of herds whereas 60% of herds indicated the use of on-farm personnel for AI administration. 

  

2.5 Discussion 

The six sections of our survey allowed general categorization and establishment of farm 

practices for future associative comparison with animal-based records. While some practices 

presented a broad array of differences across farms, many adopted practices were similar. In 

cases of highly similar practices across study herds, while there may be farm differences in 

animal outcomes of interest, such as milk production levels, culling risk, or time to a pregnancy, 
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exploration of dependent associations with these outcomes will be limited by a lack of inter-herd 

diversity. 

 

The health and disease treatment section provided criteria for disease definition and records entry 

diligence to help decide which dairies’ records could be useful for future hypotheses testing. Our 

findings complement and parallel the positive and negative aspects of producer-reported event 

record usage described by others (Parker Gaddis et al., 2012; Wenz and Giebel, 2012). Two 

approaches to control for event entry variance include pre-study filtration of herds only known to 

diligently use events records or post-hoc filtration using the survey techniques described in this 

study. The former approach introduces selection bias and herd enrollment limitation while the 

latter is labor intensive.   

 

Although all recorded event types presented definitional challenges, lameness and mastitis 

provided a few points of discussion. Definitional challenges are exemplified by the inclusion of 

digital dermatitis entries along with severe white line disease within the same lameness event 

category and an unspecified variety of pathogen-induced mastitis and severity of udder health 

represented by a mastitis event entry. Often when these differences are distinguished, they are 

only found in the remarks of the event in the dairy software. Remarks are difficult to summarize 

unless cleanly categorized and spelled uniformly for each entry. Thus, there is a continued 

opportunity for improved event definition criteria and record consistency across commercial 

dairies in this region. A joint long-term effort among on-farm recording software representatives, 

herd consultants (including veterinarians and hoof health professionals), mastitis culturing labs, 

and herd managers entering these events could provide an enhanced consistency enabling 

subsequent epidemiological interpretability for all event records on commercial dairies over 

time.  
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In contrast to lameness and mastitis, when a calving ease item is entered, a 1 through 5-scale 

registration with very similar designations for increasing calving difficulty were in common 

usage. The frequency of the calving ease item usage and particularly its reported definitional 

consistency was not anticipated by the authors prior to the study. Calving ease data could 

therefore be useful in exploring associated effects of calving difficulty (Bicalho et al., 2007).  

 

Although the questions of “technology-assisted diagnosis or recording” per event type 

documented in Appendix A indicate an ambiguous line of dual questioning, the results reported 

are specific to responses received in relation to software based, technology-assisted disease 

diagnosis. The vast majority (>90%) of responses were specifically linked to this; others were 

manually filtered out in the results. Most of those filtered out pertained to the use of spreadsheet 

accounting of particular diseases or software programs used in hoof-trimming records. Hence, 

reported results are a frequency approximation, by event type, of producers who responded to 

using software-based technologies providing supplemental animal-based measures (pedometers, 

neck collars, and rumination data) for disease detection.  

 

The facility section’s attempt to establish time away from pen for “other” activities (Appendix 

A) was an effort to both explore time budget variation within study herds and supplement a 

literature need as outlined in (Gomez and Cook, 2010). These questions were not intended to 

glean specific, compartmentalized information regarding the time budget of dairy cattle. Rather, 

they were designed to prompt thoughtfulness and comprehensive exploration of all activities that 

might inhibit lactating cows from eating, drinking, or lying down. Respondents were encouraged 

to reply in the context of an average cow in an average day. Resulting from the ambiguity of 
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time budget compartmentalization, we believe the individualistic responses not worth reporting 

and suggest that the reported summation provided will be the most inferentially useful metric 

provided in this regard. We believe this to be a representative approximation to the daily time 

allocation of the average lactating cow on an average day within and across these herds.    

 

Facility questions of barn design were not designed to categorize farms as exclusively one type 

or another. These were established to allow study personnel to more completely understand the 

dynamics of each herd’s facilities, summarize them in terms of prevalent barn design 

implementation in all groups on the farm, and best enable the more critical animal-based 

environmental metrics such as manger space, stocking density, and stall dimensions. 

Understanding these dynamics and multiple use practices were essential in obtaining objective 

facility metrics that captured the dynamics of all pens and barns within research herds. In the 

reporting of these responses, we therefore present them in terms of facility type diversity, or lack 

thereof. 

 

Pre and post-weaning calf questions regarding calf housing, milk solids source, and post-

weaning feeding approach were designed to establish the diversity of practices and safeguard 

against inappropriate classification of dairy herd practice. In each case, diversity of farm practice 

prevented simplification of methodological categorization. In the case of milk solids source, sub-

questions and answers clearly overlap.  

 

Meaningful estimates of categorical labor investments were difficult to obtain. Respondents 

verified a great degree of overlap, cross training, and multitasking among workers and across 

shifts, leading to difficult categorization of time invested as these questions were worded. Survey 
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participants indicated the most confidence in estimates related to milking times. Nevertheless, 

respondents were encouraged to omit a particular question rather than oversimplify. Therefore, it 

is our opinion that these estimates and, in particular, their accumulated statistics, were worth 

reporting for their segregation of animal-based responsibilities. However, other publications 

(Wilson, 2011; Karszes et al., 2015) are suggested for a more thorough description and 

benchmarking of labor efforts and expenses. 

 

The question of three categories (ED, TAI, or both) of AI protocols for first insemination of both 

heifers and lactating cattle should have been repeated for second and subsequent services. This 

can be deduced through DC305 exploration in the future, but would have established the up-front 

prevalence of this practice throughout the lactation. As the data currently stands, there are 

(expected) but affirmed differences in the first AI of heifers compared to lactating cattle. 

Additionally, the combination of practices (60%) for AI of lactating cattle was found to be in 

alignment with the financial implications suggested in (Galvao et al., 2013). Mean statistics and 

ranges for lactating cow VWP fell within the expected ranges established from previous AI 

research (Gumen et al., 2011; Giordano et al., 2012; Galvao et al., 2013; Giordano et al., 2013; 

Brotzman et al., 2015b).  

 

The VWP of both primiparous and multiparous cows were found to be different in several herds 

during the survey, but this difference has not yet been quantified. Analysis of DC305 

insemination records will provide statistics for this dichotomy, but were established as an 

influence on less than 50% of study herds. For the initial purposes of the study, a median 

between both VWP’s were established for herds with separate protocols.   

 



  46 

Given responses relative to heifer insemination techniques, diversity of replacement heifer AI 

practices can be considered greater for second and subsequent AI services than first AI among 

these study herds.  

 

Most sections provide an example of the risk of oversimplified classification given the diversity 

of practices within dairy herds. They also illustrate the importance of tangible measures for 

covariate analysis, rather than broader categorical proxies of potential influent factors. With the 

example provided in Figure 2.4.3, neither stocking density nor barn style classifications would 

have captured any of the variance relating to manger space access. Another example is provided 

within questions surrounding pre-weaning calf practices. Due to a variety of milk solids and 

colostrum usage and multiple practices of feeding frequencies and weaning methodology, 

objective estimates of quantity, timeliness, and duration for these factors appear more 

informative for nutritive practice comparison. When related covariates were at hand, we 

therefore utilized the more objective metrics in the context of the range of practices established 

by the more subjective classifications. 

Figure 2.1: Stall dimensions measured included (A) bed length from the rear curb to the brisket locator, measured 

from the external side of the curb to the internal side of the brisket board; (B) total stall length, as the distance 

from the external side of the curb to the front barrier or wall; (C) neck rail position, distance from the vertical 

plane above the rear curb to the internal side of the rail; and (D) neck rail height, distance from the bedding 

surface to the bottom of the rail. Source: (von Keyserlingk et al., 2012).   
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Table 2.1: Summary of responses related to general herd management for 55 New York State dairies, 2014. 

Question 

No. herds 

responded (%) Yes (%)  Mean ± SD Range 

Are all calves and heifers born and raised on the farm? 55 (100) 53   

What milking frequency do the cows have in a day? 55 (100)  2.9 ± 0.3  2.0-3.3 

Have milking frequencies changed in past two years? 55 (100) 9   

Are you using bST on lactating cows? 47 (85) 47   

If you are using bST, when does bST use start (DIM)?   76 ± 27 1-120 

If you are using bST, approximately what percent of eligible cows are receiving bST?   87 ± 20 35-100 

Has bST use changed in the past two years? 55 (100) 24   

What herd growth status would you consider the dairy to be in? 55 (100)    

aggressive/rapid growth  15   

moderate growth  27   

slow growth  18   

decline/decreasing  0   

stable/neutral  40   

Is this the growth mode that the dairy would like to be in? 50 (91) 90   

For voluntary culls, how would you describe culling decisions? 55 (100)    

aggressive 31    

moderate 49    

forgiving 20    

Do you have an SOP for voluntary culls? If so, select common criteria used (all that apply): 55 (100)    

use of reproductive criteria  71   

use of production criteria  51   

use of health event criteria  27   

use of other criteria  96   

Are reasons for culling always entered upon the animal exiting the herd? 55 (100) 93   

initial causation  55   

final causation  25   

inconsistent  20   

In your opinion, are cull reason code entries standardized across all employees entering, and 

are the entries precise? 

54 (98) 93   

Are all cattle on your dairy Holsteins? 51 (93) 43   

If no, what approximate percent of your herd is non-holstein?   4.0 ± 5.0 0.5-20.0 
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Table 2.2a: Summary of responses related to health events and treatment practices for 55 New York State dairies, 2014. 

Question No. herds responded 

(%) 

Yes 

(%)  

Mean ± 

SD 

Range 

How long after calving are fresh cows more closely monitored than the rest of the herd for health 

and treatment purposes (days)? 

53 (96)  14 ± 11 0-55 

How often are fresh cows monitored for disease (times per day)? 53 (96)  2.4 ± 4.5 1.0-24.0 

How often are pre-fresh cows monitored for calving activity (times per day)? 48 (87)  21.3 ± 

11.2 

0.0-48.0 

Are there any preventive/prophylactic medical treatments administered to every fresh cow? 54 (98) 70   

Percent of herds that described type of routine prophylactic treatment: 37 (67)    

calcium  76   

dextrose or glucose  0   

vitamin b  0   

drench solution  3   

combinations  11   

other  11   

Percent of herds whom described targeted age group for routine prophylactic treatment: 34 (62)    

all cows  15   

primiparous only  3   

all multiparous only   62   

multiparous (parity ≥ 3 only)  21   

     

Does your farm record ketosis? 55 (100) 82   

What percent of diagnosed ketosis cases are entered in DC305?   97 ± 14 10-100 

Besides DC305, is there any other technology used to aid in detecting ketosis?  18   

What is used to diagnose ketosis (select all that apply)?     

ketostix  58   

precision xtra  53   

ketotest  9   

off-feed  33   

odor  33   

loss of body condition  33   

drop in milk  44   

other  16   

    Continued 

     

 

 

 

Table 2.2a (continued): Summary of responses related to health event and treatment practices for 55 New York State dairies, 2014. 

 

 

 

 



  49 

Table 2.2a (continued): Summary of responses related to health event and treatment practices for 55 New York State dairies, 2014. 

Question No. herds responded (%) Yes (%)  Mean ± SD Range 

Does your farm record retained placentas (RPs)? 55 (100) 98   
What percent of diagnosed RP cases are entered in DC305?   99 ± 4 85-100 

Besides DC305, is there any other software used to aid in detecting RPs?  7   

How are RPs diagnosed (select all that apply)?     

Timeline of passing fetal membrane after calving of ___ hours  93 24.0 ± 7.6 12.0-48.0 

visual  83   

odor  35   

other  6   

Does your farm record displaced abomasums (DAs)? 55 (100) 98   

What percent of diagnosed DA cases are entered in DC305?   98 ± 10 50-100 

Besides DC305, is there any other technology used to aid in detecting DAs?  18   

What is used to diagnose a DA (select all that apply)?     
“ping” with ears  20   

“ping” with stethoscope assistance  96   

veterinarian diagnosis  35   

off feed  39   

other  7   

Does your farm record metritis? 55 (100) 85   

What percent of diagnosed metritis cases are entered in DC305?   99 ± 4 75-100 

Besides DC305, is there any other technology used to aid in detecting metritis?    9   

What is used to diagnose metritis (select all that apply)?     

temperature at a cutpoint of ___degrees celsius  74 39.4 ± 0.2 38.9-40.0 

discharge (visual)  98   

odor  96   

other  17   

Does your farm record milk fever? 55 (100) 91   

What percent of diagnosed milk fever cases are entered in DC305?   97 ± 9 50-100 

Besides DC305, is there any other technology used to aid in detecting milk fever?    7   

What is used to diagnose milk fever (select all that apply)?     

“down cow” (weakness, wobbly, etc.)  100   

visual observation (droopy, cold ears, etc.)  96   

other  10   

   Continued 
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Table 2.2a (continued): Summary of responses related to health event and treatment practices for 55 New York State dairies, 2014. 

Question No. herds responded (%) Yes (%)  Mean ± SD Range 

Does your farm record clinical mastitis? 55 (100) 96   
What percent of diagnosed clinical mastitis cases are entered in DC305?   99 ± 4 80-100 

Besides DC305, is there any other software used to assist in detecting clinical mastitis?    20   

What is used to diagnose clinical mastitis (select all that apply)?     

California mastitis test  62   

flakes or clots in parlor (visual milk quality)  100   

redness, swelling, or pain  89   

test-day results (linear score or somatic cell count)  60   

other  9   

Do you culture milk samples? If yes, where? 55 (100) 85   

veterinary clinic laboratory  21   

quality milk production services (QMPS)  70   

on-farm  19   

other laboratory  6   

Do you enter cultured results in DC305?  62   

Does your farm record indigestions for adult cattle? 55 (100) 53   

What percent of diagnosed indigestion cases are entered in DC305?   87 ± 26 10-100 

Besides DC305, is there any other technology used to aid in detecting indigestions?    7   

How does your farm define indigestions for adult cattle (select all that apply)?     

loose manure  97   

off feed  72   

other  45   

Does your farm record diarrhea for adult cattle? 55 (100) 13   

What percent of diagnosed diarrhea cases are entered in DC305?   92 ± 19 50-100 

Besides DC305, is there any other technology used to aid in detecting diarrhea?    0   

How does your farm define diarrhea for adult cattle?     

loose manure  100   

off feed  57   

other  29   

Does your farm record diarrhea for calves and heifers? 55 (100) 42   

What percent of diagnosed diarrhea cases are entered in DC305?   93 ± 20 30-100 

Besides DC305, is there any other technology used to aid in detecting diarrhea?    2   

   Continued 
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Table 2.2a (continued): Summary of responses related to health event and treatment practices for 55 New York State dairies, 2014. 

Question No. herds responded (%) Yes (%)  Mean ± SD Range 

Does your farm record lameness? 55 (100) 78   
What percent of diagnosed lameness cases are entered in DC305?   95 ± 17 10-100 

Besides DC305, is there any other technology used to aid in lameness diagnoses?  13   

Are lameness event entries consistently categorized by type of lameness?  67   

How does your farm define lameness (select all that apply)?     

noticeable difference in locomotion on affected hoof/leg  86   

locomotion scoring  33   

observation of hoof condition (wart, heel erosion, ulcer, etc.)  86   

any trim event  47   

any non-maintenance trim event  58   

other  19   

Do you perform corrective/maintenance trimming, and when?     

stage of lactation  86   

stage of gestation  77   

pen move  7   

other  58   

Does your farm record pneumonia in adult cattle? 55 (100) 82   

What percent of diagnosed pneumonia cases are entered in DC305?   99 ± 4 80-100 

Besides DC305, is there any other technology used to aid in detecting pneumonia?    7   

How does your farm define pneumonia for adult cattle (select all that apply)?     

coughing  60   

other  93   

Does your farm record pneumonia in calves and heifers? 55 (100) 67   

What % of diagnosed pneumonia cases are entered in DC305?   90 ± 24 10-100 

Besides DC305, is there any other technology used to aid in detecting pneumonia?    5   

Does your farm record Johnes disease (paratuberculosis)? 55 (100) 64   

What percent of diagnosed Johnes cases are entered in DC305?   100 ± 0 100 

Besides DC305, is there any other technology used to aid in detecting Johnes?    7   

What is your farm’s protocol for diagnosing Johnes?     

extremely loose manure  66   

abrupt decline of production and health  60   

fecal sampling  80   

other  11   

   Continued 
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Table 2.2a (continued): Summary of responses related to health event and treatment practices for 55 New York State dairies, 2014. 

Question No. herds responded (%) Yes (%)  Mean ± SD Range 

Does your farm record dystocia, either as an event or as an entered item? 55 (100) 93   
event  13   

item  77   

both  10   

What percent of the time is a diagnosis of dystocia or a number for calving ease entered in 

DC305? 

  99 ± 5 65-100 

Besides DC305, is there any other technology used to aid in detecting dystocia?    0   

     

Percent of herds using technologies assisting in the detection of health disorders:  55 (100) 25   
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Table 2.2b: Estimates of treatment component costs considering disorder type, primary therapy type, dosage, and 

duration established from a survey of 55 New York State dairies, 2014. 

Disease category No. of herds Mean ± SD Range 

Ketosis 47 $9.88 ± 5.95 $1.92-$27.50 

Retained placenta 53 $54.60 ± 30.93 $8.00-$162.50 

Displaced abomasum 53 $137.02 ± 38.14 $65.00-$232.50 

Metritis 49 $79.15 ± 55.17 $8.19-$259.35 

Milk fever 51 $18.62 ± 11.62 $4.00-$65.97 

Mastitis 47 $23.81 ± 19.73 $0.18-$113.33 

Indigestion (adults) 25 $13.44 ± 12.20 $2.00-$55.00 

Diarrhea (adults) 5 $14.54 ± 19.32 $2.00-$52.93 

Diarrhea (heifers) 19 $13.01 ± 14.60 $2.00-$56.00 

Lameness 9 $49.77 ± 53.91 $3.96-$184.00 

Pneumonia (adults) 31 $67.42 ± 33.72 $19.38-$178.96 

Pneumonia (heifers) 32 $19.37 ± 17.41 $2.38-$75.00 

Dystocia 9 $17.46 ± 19.84 $1.20-$64.80 

 

75% 

3% 

11% 

11% 

Calcium Drench solution

Combinations Other

15% 3% 

62% 

20% 

All cows
Primiparous only
All multiparous only
Multiparous (parity ≥ 3) only 

Figure 2.2: Summary of responses for dairy herds practicing routine prophylactic treatment of postpartum dairy 

cattle, 2014.    
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Table 2.3: Summary of responses related to facility characteristics for 55 New York State freestall dairies, 2014. 

Question 

No. herds responded 

(%) Yes (%)  Mean ± SD Range 

Has any substantial facility or housing change occurred in the past two years? 55 (100) 42   

Is any substantial facility or housing change expected to occur in the next 18 months? 55 (100) 62   

Approximately how many hours per day are most lactating cows away from their pen:  54 (98)  3.36 ± 1.07 0.32-6.50 

Approximately how many centimeters of bunk space per head are accessible to each of 

the following groups? 

    

lactating cows 52 (95)  41.8 ± 8.8 21.6-76.2 

fresh cows 52 (95)  62.6 ± 21.6 30.5-183.5 

prefresh (closeup) dry cows 52 (95)  64.6 ± 21.6 28.0-169.3 

faroff (or 1 group) dry cows 52 (95)  55.7 ± 18.0 22.9-132.1 

pregnant/springing heifer groups of approximately 20 months of age 36 (65)  52.5 ± 17.3 25.9-114.3 

bred heifer groups of approximately 15 months of age 31 (56)  41.6 ± 12.6 15.2-76.2 

pre-breeding heifer groups of approximately 10 months of age 27 (49)  34.6 ± 11.1 15.2-11.1 

Is this representative of what these groups typically experience for bunk space? 51 (93) 98   

What type of housing is used in each of the following age groups? (select all that apply) 6-Row (%) 4-Row (%) Pack (%) Other (%) 

lactating cows 93 22 5 2 

fresh cows 69 29 7 2 

prefresh dry cows 58 16 29 4 

faroff (or 1 group) dry cows 71 25 4 2 

pregnant/springing heifer groups of approximately 20 months of age 69 18 7 5 

bred heifer groups of approximately 15 months of age 69 11 2 2 

pre-breeding heifer groups of approximately 10 months of age 64 9 22 5 

    Continued 
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Table 2.3 (continued): Summary of responses related to facility characteristics for 55 New York State freestall dairies, 2014. 

Question 

No. herds 

responded (%) Yes (%)  Mean ± SD Range 

Approximately how much bedding (cm above stall surface) is typically in stalls for each group? (25.4 

cm assigned for deep beds)
a
 

    

lactating cows 55 (100)  12.7 ± 10.1 1.3-25.4 

fresh cows 55 (100)  13.1 ± 10.4 0-25.4 

prefresh (closeup) dry cows 52 (95)  15.6 ± 10.4 0.6-30.5 

faroff (or 1 group) dry cows 54 (98)  12.7 ± 10.3 0.6-25.4 

pregnant/springing heifer groups of approximately 20 months of age 48 (87)  10.2 ±10.2 0-25.4 

bred heifer groups of approximately 15 months of age 40 (73)  7.1 ± 8.4 0-25.4 

pre-breeding heifer groups of approximately 10 months of age 39 (71)  7.8 ± 9.4 0-25.4 

Bedding type reported for adult cows (no. herds / % of all responses) Lactating Fresh Prefresh Dry 

sand 19/35  21/38 16/30 18/33 

straw 0/0 0/0 5/9 2/4 

sawdust 11/20 13/24 12/23 12/22 

paper byproduct 7/13 8/15 8/15 8/15 

dairy solids 11/20 11/20 10/19 12/22 

combinations 7/13 2/4 2/4 3/5 

Bedding type reported for heifers (no. herds / % of all responses) ±  20 mo. ± 15 mo. ± 10 mo.  

sand 10/21 6/15 3/8  

straw 0/0 1/3 4/11  

sawdust 16/34 15/38 13/36  

paper byproduct 6/13 4/10 3/8  

dairy solids 13/28 10/26 10/28  

combinations 2/4 3/8 3/8  

 No. herds 

responded (%) 

Yes (%)  Mean ± SD Range 

What is the frequency (per week) of addition of new bedding to the stalls (lactating)? 55 (100)  2.6 ± 1.9 1.0-8.5 

    Continued 
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Table 2.3 (continued): Summary of responses related to facility characteristics for 55 New York State freestall dairies, 2014. 

Question 

No. herds 

responded (%) Yes (%)  Mean ± SD Range 

What is the stocking density for the following groups (no. animals divided by no. of stalls in their 

pen)? 

    

lactating cows 55 (100)  1.18 ± 0.13 0.86-1.45 

fresh cows 55 (100)  0.92 ± 0.19 0.3-1.30 

prefresh (closeup) dry cows 46 (84)  0.97 ± 0.15 0.5-1.25 

faroff (or 1 group) dry cows 50 (91)  1.00 ± 0.17 0.58-1.65 

pregnant/springing heifer groups of approximately 20 months of age 42 (76)  1.07 ± 0.22 0.50-1.50 

bred heifer groups of approximately 15 months of age 38 (69)  1.21 ± 0.22 0.45-1.74 

pre-breeding heifer groups of approximately 10 months of age 33 (60)  1.20 ± 0.26 0.45-2.00 

What are the following dimensions (cm; mean ± S.D.) of each animal group’s average stall?
b
 BRL TSL NRH SW 

lactating cows (n = 49) 168 ± 9 227 ± 16 118 ± 6 119 ± 4 

fresh cows (n = 48) 169 ± 12 230 ± 16 118 ± 7 120 ± 3.9 

prefresh (closeup) dry cows (n = 41) 169 ± 9 227 ± 20 117 ± 6 121 ± 6 

faroff (1 group) dry cows (n = 45) 169 ± 9 222 ± 24  118 ± 7 121 ± 5 

What heat abatement strategies do your facilities have? No. herds 

responded (%) 

Yes (%)    

fans 54 (98) 100   

cross ventilation 54 (98) 0   

sprinklers 54 (98) 50   

holding area fans 54 (98) 87   

How many times in a day is feed: Delivered? Pushed up?   

lactating cows 1.8 ± 0.9 8.2 ± 4.8   

fresh cows 1.3 ± 0.7 7.8 ± 3.9   

prefresh (closeup) dry cows 1.1 ± 0.5 7.8 ± 3.9   

faroff (or 1 group) dry cows 1.1 ± 0.5 7.4 ± 4.2   

pregnant/springing heifer groups of approximately 20 months of age 1.2 ± 0.5 6.3 ± 4.4   

bred heifer groups of approximately 15 months of age 1.0 ± 0.3 4.9 ± 3.4   

pre-breeding heifer groups of approximately 10 months of age 1.1 ± 0.3 5.8 ± 5.3   

holding area sprinklers 54 (98) 67   

ªNumerical assignment for deep beds is arbitrary and in an effort to quantify all herds. See Figure 2.4 for class frequencies in adult cattle groups 

b
BRL= body resting length, TSL= total stall length, NRH= neckrail height, SW= stall width 
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Figure 2.3: Relationship between stocking density and manger space during most of the lactation (>60 DIM) on 

43 New York State freestall dairies in 2014. Mixed = presence of 4 and 6-row barn design. 

Figure 2.4: Number of farms representing ranges for the mean depth of bedding present above stall surface for 

lactating cattle on 55 dairies in New York State, 2014. 
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Table 2.4: Summary of responses related to pre- and post-weaning calf management for 55 New York State freestall dairies, 2014. 

Question No. herds responded (%) Yes (%)  Mean ± SD Range 

How are preweaning calves housed?ª 52 (95)    

hutches  52   

superhutches  0   

individual pens  42   

group housing (and number of calves per group)  31 13 ± 9 2-30 

How quickly do the majority of newborns receive colostrum? (less than__ hours) 52 (95)  2.4 ± 3.5 0.3-24 

How many liters of colostrum are delivered in the first dose? 51 (93)  3.6 ± 0.5 1.9-3.8 

How many liters of colostrum are delivered in the first 24 hours of life? 51 (93)  5.1 ± 1.4 1.9-9.5 

Which source of colostrum do you use? 52 (95)    

true colostrum  85   

colostrum replacer  2   

both  13   

When (days of age) are calves fully weaned from milk? 48 (87)  57 ± 10 35-96 

Is the day of complete weaning abrupt or stepdown process in milk offering? 48 (87)    

abrupt  10   

stepdown  90   

If stepdown, how many days before weaning do you start? 43 (100)  8.4 ± 5.6 3-35 

If stepdown, how much milk is reduced (%)? 42 (98)  48 ± 9 25-67 

Which source of milk do you use?ª 52 (95)    

milk replacer  40   

pasteurized whole milk  42   

unpasteurized whole milk  8   

waste milk  44   

marketable milk  13   

acidified milk  12   

    Continued 
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Table 2.4 (continued): Summary of responses related to pre- and post-weaning calf management for 55 New York State freestall dairies, 2014. 

 

Table 2.4 (continued): Summary of responses related to pre and post weaning calf management for 55 New York State freestall dairies, 2014. 

Question No. herds responded (%) Yes (%)  Mean ± SD Range 

How many liters of milk or milk replacer are offered and consumed for the majority of 

the milk feeding phase? 
44 (80)  7.3 ± 2.7 3.8-13.2 

How many feedings is this volume consumed in (times per day)? 51 (93)  2.2 ± 0.4 2.0-3.0 

ad libitum  18   

twice daily  63   

three times daily  20   

other  0   

What does the immediately post-wean heifer ration consist of?ª 49 (89)    

fermented feeds or total mixed ration  20   

dry hay and grain  65   

other  31   

When (months) do post-weaned calves first get introduced to fermented feeds?  46 (84)  3.4 ± 1.5 1.0-10.0 

ªReported results do not represent exclusivity of practice 
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Table 2.5 Summary of responses related to labor and personnel management for 55 New York State freestall dairies, 2014. 

Labor division or question 
No. herds responded 

(%) Laborers/100 cows 
Hours/week/ 

laborer 

Labor hours/100 lactating 

cows/day 

Milking:     

full-time  50 (91) 0.70 ± 0.34 65 ± 13 6.5 ± 0.6 

part-time 9 (16) 0.14 ± 0.08 26 ± 18 0.5 ± 0.2 

Cow management:     

lactating full-time 43 (78) 0.25 ± 0.38 44 ± 22 1.6 ± 1.2 

lactating part-time 12 (22) 0.18 ± 0.10 28 ± 10 0.7 ± 0.1 

periparturient full-time 39 (71) 0.14 ± 0.08 33 ± 25 0.7 ± 0.3 

periparturient part-time 19 (35) 0.17 ± 0.09 22 ± 16 0.5 ± 0.2 

   Total: 10.6 ± 2.7 

Calves:     

full-time 37 (67) 0.15 ± 0.08 48 ± 16 1.1 ± 0.2 

part-time 22 (40) 0.17 ± 0.13 18 ± 14 0.5 ± 0.3 

Replacement heifers:     

full-time 25 (45) 0.14 ± 0.08  28 ± 25 0.6 ± 0.3 

part-time 10 (18) 0.19 ± 0.13 21 ± 23 0.6 ± 0.4 

   Total: 2.6 ± 1.1 

   

Who is responsible for training employees on (%): Calving management? 

(n = 52)  

               Disease diagnosis and treatment?  

(n = 50) 
veterinarian  48 58 

herd consultant 19 14 

pharmaceutical company representative 4 6 

owner 46 42 

manager 52 56 

herd manager and other in-house staff 67 76 

other 6 8 
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Table 2.6a: Summary of responses related to replacement heifer reproductive management for 55 New York State freestall dairies, 2014. 

Question 
No. herds 

responded (%) Yes (%) Mean ± SD Range 

What is your current VWP for heifers, or the criteria for considering them eligible for first 

breeding? (select all that apply) 
50 (91)    

age (days)   96 375 ± 26  300-425 

weight  42   

other  28   

What reproductive strategy do you use for first service? 48 (87)    

always after detection of estrus  69   

always timed artificial insemination (TAI)  0   

combination of detection of estrus and TAI  38   

If you use synchronization of estrus and/or ovulation, what reproductive program do you use for 

first service? (select all that apply) 
26 (47)    

prostaglandins (given every __ days)  69 13 ± 3 7-14 

ovsynch (with or without CIDR)  12   

ovsynch (with CIDR specified)  4   

cosynch (and hours from prostaglandin to TAI)  0   

presynch-ovsynch  0   

other synchronization protocols  31   

If you use synchronization of estrus and/or ovulation, what reproductive program do you use for 

second and subsequent services? (select all that apply) 
37 (67)    

prostaglandins (given every __ days)  54 14 ± 3 7-21 

ovsynch (with or without CIDR)  22   

ovsynch (with CIDR specified)  11   

cosynch (and hours from prostaglandin to TAI)  3 56 ± 0 56-56 

presynch-ovsynch  3   

other synchronization protocols  38   

How is non-pregnancy diagnosis performed? (select all that apply) 48 (87)    

rectal palpation  56   

transrectal ultrasonography  54   

blood testing  0   

other  2   

    Continued 
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Table 2.6a (continued): Summary of responses related to replacement heifer reproductive management for 55 New York State freestall dairies, 2014. 

Question 

No. herds 

responded (%) Yes (%) Mean ± SD Range 

How often is non-pregnancy diagnosis performed? 48 (87)    

weekly  54   

biweekly  33   

monthly  10   

other  2   

When is non-pregnancy diagnosis performed (days after insemination)? 44 (80)  36 ± 6 27-60 

Do you resynchronize before non-pregnancy diagnosis? 2 (4) 0   

For any estrus detection noted above, what aids do you use in assisting heat detection? (select all 

that apply) 
47 (85)    

tail chalk  45   

kamar  2   

pedometers (electronic)  2   

neck collars (electronic)  19   

visual (observed standing heats or other behavior)  81   

other  2   

Who performs AI breedings? (select all that apply) 48 (87)    

in house  63   

AI company  56   

other  0   

Do you use sexed semen?  55 (100) 65   

If you use sexed semen, for what % of all inseminations? 28 (51)  40 ± 34 1-100 

Are breedings recorded by the different insemination personnel? 55 (100) 65   

Are bulls used? 55 (100) 49   

Do you have a protocol for do not breed (DNB) decisions? 55 (100) 51   
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Table 2.6b: Summary of responses related to lactating cattle reproductive management for 55 New York State freestall dairies, 2014. 

Question 
No. herds 

responded (%) Yes (%) Mean ± SD Range 

What is your current voluntary waiting period (days)? 55 (100)  63 ± 9 40-80 

What reproductive strategy do you use for first service? 55 (100)    

always after detection of estrus  7   

always timed artificial insemination (TAI)  33   

combination of detection of estrus and TAI  60   

If you use synchronization of estrus and/or ovulation, what reproductive program do you use for 

first service? (select all that apply) 
53 (96)    

Ovsynch  11   

Presynch-Ovsynch 14  49   

Presynch-Ovsynch 12  19   

Presynch-Ovsynch 11  4   

Presynch-Ovsynch 10  4   

Double-Ovsynch  15   

G-6-G  0   

Cosynch (hours from PGF to TAI)  2 72 ± 0 72-72 

other synchronization protocols  11   

If you use synchronization of estrus and/or ovulation, what reproductive program do you use for 

second and subsequent services? (select all that apply) 
55 (100)    

ovsynch (resynch) initiated __ days since last insemination  89 32 ± 4 22-40 

double-ovsynch  0   

G-6-G  2   

prostaglandin or ovsynch based on ovarian information  11   

other synchronization protocols  35   

How is non-pregnancy diagnosis performed? (select all that apply) 55 (100)    

rectal palpation  47   

transrectal ultrasonography  65   

blood testing  4   

milk testing  0   

other  0   

    Continued 
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Table 2.6b (continued): Summary of responses related to lactating cattle reproductive management for 55 New York State freestall dairies, 2014. 

Question 

No. herds 

responded (%) Yes (%) Mean ± SD Range 

How often is non-pregnancy diagnosis performed? 54 (98)    

weekly  87   

biweekly  11   

monthly  0   

other  2   

When is non-pregnancy diagnosis performed (days after insemination)? 54 (98)  35 ± 4 27-44 

Do you resynchronize before non-pregnancy diagnosis? 29 (53) 100   

For any estrus detection noted above, what aids do you use in assisting heat detection? (select all 

that apply) 
55 (100)    

tail chalk  36   

Kamar  0   

pedometers (electronic)  20   

neck collars (electronic)  11   

visual (observed standing heats or other behavior)  82   

other  7   

Who performs AI breedings? 55 (100)    

in house  60   

AI company  58   

other  0   

Who records inseminations at your dairy?  55 (100)    

on-farm staff  65   

AI technicians  51   

other  0   

Are bulls used? 55 (100) 15   

Do you have a protocol for do not breed (DNB) decisions? 55 (100) 65   
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CHAPTER 3: ASSOCIATIONS BETWEEN CULLING, ANIMAL RECORDS, AND 

SURVEY DATA 

3.1 Abstract 

In 2014, a survey questionnaire was completed on 55 free-stall dairies in New York State. To 

enable pairing of practices established in the survey with potential production, health, 

reproduction, and culling outcome associations, on-farm records from on-farm dairy 

management software (DairyComp305, Valley Agricultural Software, Tulare, CA) were 

obtained upon survey initiation and again approximately one year later. Survey variables and 

animal-based records were evaluated in a retrospective observational cohort analysis using 

SAS version 9.4. Event patterns for culling, health disorders, and Poisson regression of risk 

ratios were analyzed with the GENMOD procedure in SAS using a binary value for culling 

specified at varied risk periods. Nulliparous, primiparous, and multiparous risk ratio models 

were developed separately. Risk ratio models sequentially evaluated the risk of culling 

associated with facility and management factors, test-day records information, and then health 

event records. For nulliparous animals, 2013 or 2014 birth years, colder weather birth months, 

and a record of pneumonia or diarrhea events were associated with higher rates of culling 

prior to 150 days of age while only pneumonia and diarrhea records were associated with 

higher culling rates from 151 to 600 days. Prepartum bunk space, age at first parturition, 

experience level of the herd health manager, postpartum health disorders, summer calving 

months, first test-day production metrics, and the maximum linear score established by any 

test-day prior to 60 DIM were associated with the relative risk of culling in the first 60 DIM 

for primiparous cows. Records for cows that experienced an array of health disorders, 

commingling primiparous and multiparous cows, pregnancy status of the cow at the time of 

culling or 300 DIM, lower third test day milk production, and the maximum linear score from 

any test-day prior to 300 DIM were associated with an increased risk of culling from 61 to 

300 DIM for primiparous cows. Postpartum disease records, summer calving months, lower 

bedding amounts, long or short dry period length, previous lactation milk yield and days open, 
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first test-day production metrics, and the maximum linear score prior to 60 DIM were 

associated with the relative risk of culling prior to 60 DIM for multiparous cows. Lower 

previous lactation milk production, longer previous days open, pregnancy status of the cow at 

the time of culling or 300 DIM, lower third test-day milk production, maximum linear score 

prior to 300 DIM, lower bedding depth, dairy manure solids bedding, and an array of health 

disorder records were associated with a higher risk of culling for multiparous cows from 61 to 

300 DIM. We conclude that several animal, management, and facility based factors were 

associated with the relative risk of culling dairy cattle on 55 dairies in New York State in 

2013 and 2014. The results of this study can be used to further explore any potential links to 

causation. 

 

3.2 Introduction 

Analyses of on-farm records in conjunction with survey established dairy practices are 

common (Cook, 2003; Cicconi-Hogan et al., 2013; Richert et al., 2013; Brotzman et al., 

2015a; Da Costa et al., 2016). Hypotheses testing of these relationships allow associative 

analysis of known or suspected linkages. These linkages can then be used to evaluate 

controlled research publications, investigate discrepancies, or suggest future avenues for 

causation confirmation.  

 

Although the risk of a cull on dairy herds is associated with multiple factors, many of these 

have been well documented and explained (Dechow and Goodling, 2008; De Vries et al., 

2010; Pinedo and De Vries, 2010; Pinedo et al., 2010; Shahid et al., 2015; Vitali et al., 2015). 

Additionally, as in any living population, some risk factors are entirely random and unlikely 

to be explained. Exploration of large, multiple-dairy datasets is useful in defining the degree 

of possible explanation or randomness surround culling events in commercial dairies.  
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Risk factors for culling can be classified as either animal-based or environmental. 

Environmental factors also exhibit their effect indirectly through their effect on animal-based 

measures (Dubuc et al., 2011). Animal-based factors include records of production level, 

health, reproduction, or genetics known for an individual animal. Environmental factors may 

include climate, facility characteristics or management practices, market conditions, or farm 

culling policy. They may also include disease risk not explained by animal records but are 

considered part of population’s exposure level to that disease. 

 

Accelerated herd removal as a function of postpartum disease risk has been well documented 

(Grohn et al., 1998; Dechow and Goodling, 2008; Dubuc et al., 2011; Vergara et al., 2014). 

Associations between delayed conception and an increased risk of culling have been well 

established (De Vries et al., 2010), including a persistent effect from previous lactation 

delayed conception (Pinedo and De Vries, 2010). Heat stress has also been associated with an 

increased risk of mortality and culling Vitali et al. (2015) while Morton et al. (2007) provided 

the link indicating that some of the increased risk of a cull due to heat stress was resultant of 

delayed conception. Repeated measures of milk production indicate that a cow is at increased 

risk of culling at any time during the lactation if she is producing less than her peers (Weigel 

et al., 2003; Fetrow et al., 2006; Shahinfar et al., 2014). Hoof and leg health have been 

associated with the risk of culling (Booth et al., 2004; Dechow and Goodling, 2008). Many 

other factors, both cow based or herd-level, should be explored due to their established effect 

on health, production, or reproduction metrics (Shahid et al., 2015) and the subsequent 

potential for these effects to result in increased culling risk.   
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Beyond the individual effect of the aforementioned factors, they may also interact and 

synergize affecting the risk of culling during lactation. For example, Dubuc et al. (2011) 

provides exploration of these multiple interactions for reproductive and milk production 

performance factors. The authors conclude that not enough of the risk of culling due to 

reproductive factors is explained by 300 DIM and therefore factors associated with poor 

reproductive performance should be evaluated after this point. They also suggest that a 

suspected increased risk of culling due to poor uterine health was difficult to confirm once 

milk production was accounted for. These data suggests that description of milk production 

level overrides many other risk factors of culling: if the cow overcomes other deleterious 

health factors and continues to have high milk production, an associated link to the increased 

risk of culling may not be evident. In contrast, if she has not sufficiently performed as a result 

of these factors, the level of milk production measurement will describe much of the increased 

risk. Additionally, the incorporation of milk production factors requires that a cow is present 

in the herd and milked when a particular production metric is collected. For many cows that 

are culled, and particularly those culled early, production history records are few to none.  

 

Thus, the dynamics of culling and subsequent economics are complex to describe and easy to 

oversimplify. The use of computer programming to estimate the financial impact of herd 

management decisions while considering multiple interactive components of a dairy system 

has been well studied (Skidmore, 1990; De Vries, 2004; Giordano et al., 2012; Shahinfar et 

al., 2014). These programming techniques can be extended to culling economics, and 

descriptive quantification of culling will aid in development of these efforts. In order to 

further advance the precision of interactive terms within computational processes, continued 

research is needed to report dairy systems dynamics in context with one another and organize 

them in a format that allows imminent utilization. Additionally, utilization of commercial 
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dairy information allows research to frame modeling efforts in the context of broad field 

application. 

 

The objective of this study was to compare facility, management, and animal-based measures 

with the risk of culling within 55 New York State freestall dairies in 2014. Since these are not 

mutually exclusive or independent outcomes, the second objective of this study was to 

provide clear numerical description and hierarchical ranking for explanation of these 

associations in computer programming and simulation modeling efforts.  

 

3.3 Materials and Methods 

Survey, dairy software data collection, and data processing: During the administration of a 

survey conducted in 2014 regarding facility characteristics and management practices for each 

dairy, on-farm records were obtained from on-farm dairy management software 

(DairyComp305, Valley Agricultural Software, Tulare, CA) for each dairy in the first quarter 

of 2014 and again in the first quarter of 2015. To ensure process consistency and similar 

preservation of archived data in each file, SAVE\F was entered in the software command line. 

Records from early in 2015 were organized utilizing the commands summarized in Table 3.1 

for use in retrospective observational cohort analysis. Survey response and animal records 

datasets were merged in SAS version 9.4 (SAS Institute Inc., Cary, NC), using farm number 

as the shared merger field.  

 

Utilization of a switch (\B) allowed inclusion of sold, dead, and live animal records while 

exclusionary date criteria (“FOR” statement) was used to extract data of heifers born or 

lactating cows that calved after December 25, 2012. All numerical data and event date 
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occurrence were summarized by items created in a basis file. Absorption (ABSORB 

command) of each dairy’s records into the basis file ensured the extraction would yield 

analogous records across all 55 dairies. Organization by unique animal identification (ID) 

created one row of information per animal. This information primarily consisted of data 

specific to the current lactation status, or lactation status “0” for heifers, with select items of 

data representing information from the previous lactation for cows with two or more initiated 

lactations at the time of backup file collection. Therefore, although many animals have record 

of greater than one lactation represented across the study period, the lactation status of an 

individual at the time of backup (early in 2015) represents the core for data analysis. 

 

Additional commands (Table 3.1) were used to establish commingling categories for 

covariate analysis. Commingling is defined in this thesis as the practice (yes or no) of housing 

prepartum heifers (future primiparous animals) with dry cows that calved at least once and 

during lactation refers to, housing of primiparous and multiparous cows together for up to 60 

DIM and housing of primiparous and multiparous cows together for the majority of the 

lactation after 60 DIM. To establish objective criteria for this practice, representative of the 

majority of the grouping environment experienced by these animals in a given period, an 

equation was established. Prepartum, postpartum, or lactating pens were thereby considered 

commingled if the pens housing 60 percent or more of  nulliparous or primiparous animals of 

interest multiplied by the percent of nulliparous (for prepartum pens) or primiparous cows (for 

postpartum and lactating pens) within those pens was less than 60 percent. As an example, if 

two pens representing 90 percent of all primiparous lactating cows in the herd were comprised 

of 90 percent primiparous animals, the herd was not classified as commingled for lactating 

pens. Contrarily, if those same two pens were comprised of only 65 percent primiparous 

animals, the herd was classified as commingled in lactating pens. All resultant classifications 

were thereby dichotomous. 
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Means for herd production, milk fat (MF) concentration, milk true protein (MP) 

concentration, linear score (SCC), percentage of primiparous animals (of all lactating) and 

herd size (number of lactating cows on test day) were established for the previous twelve test 

days using the GPLOT command in DC305. This was approximately one year of data for all 

dairies and means were weighted relative to the number of animals present at each individual 

test day. In addition to using these for general summarization purposes, herd size was used as 

a covariate in future analyses as an approximation for the relative scale of the dairy operation. 

 

Statistical analysis: Recorded incidence of event entry was first explored using the FREQ 

procedure of SAS. Existence of record entry by event type was verified and compared with 

survey responses regarding record entry. A diversity of nomenclature per event type was 

present across dairy herds. The loss of data as a result of this diversity was minimized using 

EVENTS lists in DC305 and during the absorption procedure, where DC305 prompts 

recognition, acceptance, and memorization of alternate event names using the ABSORB.DEF 

file. Temporal patterns of incidence risk and hazards for each event type were summarized by 

the LIFETEST procedure of SAS using parity 0, 1, 2, 3 or ≥4 for stratum. 

 

Poisson risk ratio regression models for culling were then fitted using the GENMOD 

procedure in SAS as described in (Ospina et al., 2012). Poisson distribution and the log link 

options were specified, standard errors were corrected for overdispersion using the p-scale 

option, and the “type 3” option was utilized to establish final estimates that were independent 

of covariate order in the model statement. Each animal was an experimental unit nested within 

farm as a random variable by use of the repeated statement. The use of the exchangeable 



  72 

correlation matrix activated paired animal comparison of intra-herd probabilistic similarities. 

The risk ratio model describes the risk of an animal being culled during a defined risk period 

(days of risk) as: 

 

log[𝐸] =  𝛼 +  𝛽1𝑥1 + 𝛽2𝑥2 + ⋯ 𝛽𝑧𝑥𝑧 +  𝜀 

 

where E = the probability that a cull occurs (cull = 1), 𝑥1 … 𝑥𝑧 represent Z number of 

independent variables of interest, and  𝛽1 … 𝛽𝑧 represent the parameter output of increased or 

decreased risk of P(E = 1). The exponentiation of parameter outputs represent the risk ratio 

(or relative risk, RR) of an animal with a factor to an animal without a factor for categorical 

variables. The RR comparison is referenced for a one unit increase above the population mean 

for continuous variables. Each model evaluates the null hypothesis that parameter coefficients 

are not different from 0, which is the same as the coefficient’s exponentiation being not 

different from 1.  

 

Due to lack of full information maximum likelihood techniques in risk ratio analyses, herds 

were retained or eliminated from each analysis during the SAS procedure. Therefore, final 

retention of animals was dependent on that animal having a test-day established covariate 

value for each animal factor and a survey established covariate value for each facility or 

management factor. Due to lack of test-day information for some animals or incomplete 

questionnaire response by some herds in the study, this resulted in a varied level of data loss. 

Final model covariates were established through the forward selection process using an initial 

P-value of <0.20. Once all covariates were evaluated individually, remaining class covariates 

were consolidated if some classes were not different than others. Parameters were then 

reincorporated into the model one at a time by order of their univariate significance and 
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discarded above P = 0.10. The backward elimination process was not an option for these data 

due to matrix convergence issues resulting from insufficient observations per subclass with 

risk ratio modeling of multiple covariates. 

 

Final model covariates were evaluated for their influence on multicollinearity and covariate 

correlation. The PLOT and GPLOT procedures in SAS were utilized to visualize general 

trends of class variables. Rho values of >0.20 established by the CORR procedure were noted 

for further investigation. The REG procedure was used to explore tolerance and variance 

inflation factors for continuous variables or class variables that could be made continuous. 

Tolerance values below 0.40 were noted for further investigation. Based on these criteria, no 

final covariates required elimination or reporting of multicollinearity concern.  

 

Initial risk ratio model construction first offered all established covariates except those 

requiring test-day information or recorded health events. Test-day and health records sub-

models were subsequently developed while again offering the covariates that were found to be 

significant in the primary facility and management model.  

 

For all lactating cow models, risk ratios of producer-recorded disease events were established 

only using data from herds with the following survey-established criteria. First, they must 

have affirmed that the particular event was diagnosed and recorded at the dairy. Second, 

reported compliance for entering a disease event for each cow that was diagnosed was 

required to be ≥90%. Third, survey questions allowed establishment of more objective criteria 

(those which are considered to be more sensitive, specific, and consistent across farms). Herds 
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were eliminated from univariate analysis of the individual disease if they did not indicate the 

following conditions for particular disease diagnoses:  

1) General confirmation of ketosis cases using Ketostix or Precision Xtra 

2) Metritis- visual discharge and rectal temperature criteria 

3) Retained placenta- definition of 24 hours or more of fetal membrane retention 

4) Lameness- specific to a non-maintenance trim event or inspection, though lameness 

type or severity could not be controlled for 

 

3.4 Results 

3.4.1 Recorded incidence and descriptive epidemiology 

The data in Figure 3.1 was established to validate records existence on herds that indicated 

diagnosis and recording of specific event types for adult cattle in the survey (Chapter II). The 

absence of an event record has the following meanings:  

1) Despite the respondent’s perception that a particular event type was utilized, it was not 

recorded 

2) Lack of a diagnosed case within the one year data analysis 

3) Non-specific event categorization (for lameness) 

4) Unclear event nomenclature 

The entry of lameness records within the remarks of maintenance trim records or other such 

categories prevented extraction of true lameness diagnoses for some herds. The likely 

influence of unclear event nomenclature was substantially reduced through the absorption 

process described in materials and methods.  
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Do not breed (DNB) and culling events are mandatory for DC305 functionality. Therefore, 

records existed and were summarized for all herds. Reasons for DNB and culling decisions 

vary between herds in the dataset. Results are summarized across all definitions and 

reasoning. The data in Figure 3.2 summarizes culling whereas information in Figure 3.3 

summarizes DNB events for calves and heifers in the first 25.5 months of age. For lactating 

cattle, culling events are summarized in Figure 3.4 while DNB events are summarized in 

Figure 3.5. Figures 3.6 through 3.13 provide illustrations of daily recorded event risk for 15 

dairies with a full complement of mastitis, lameness, indigestion or diarrhea, ketosis, metritis, 

milk fever, displaced abomasum, and retained placenta event records. Appendix C provides 

further depiction of these events, stratified by parity, using the LIFETEST procedure in SAS. 

All data tables and figures from the LIFETEST procedure provided confirmation of event 

patterns, washout periods per event, and periods of accelerated risk.  

 

Increased hazards of culling around birth, weaning, and post-weaning indicated a sensible 

150-day risk period for comparative data analysis on calves and the factors associated with 

these risks. Subsequently, increased hazard rates for heifers near first insemination 

(approximately 360 days of age) and approaching first parturition (beyond 20 months of age) 

indicated criterial management decisions for culling that made 151 to 360 and 361 to 600 day 

risk periods reasonable for associative effect comparison. Health event and culling patterns 

confirmed that 0-60 DIM and 61-300 DIM risk periods would be appropriate to capture 

postpartum and lactational culling risk associations, respectively. 
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Some concentrated accelerations of hazard are visually evident between the risk periods 

mentioned above. Given the number of herds in the dataset, these are likely the result of a 

pattern on several dairies and worthy of note. For culling in heifers (Figure 3.2), accelerated 

risk is evident near birth, 8 to 15 days of age, and near first insemination. For parous culling 

(Figure 3.4) and indigestion or diarrhea events (Figure 3.8), and beyond expected postpartum 

risk patterns an increase in recorded events are exhibited between 15 and 20 DIM. Graphics in 

Appendix C are provided to visualize the gradient of event risk by parity and supported the 

gradient of increased risk by parity for most undesirable events.  

 

3.4.2 Culling and risk ratio model associations 

A summary of 13 risk ratio models with number of farms, number of animals, and the types of 

culling within each analysis is organized in Table 3.2. Models were classified as facility and 

management based, test-day information based, health record based, or combinations thereof. 

Tables 3.3 through Table 3.7 provide animal number statistics for each covariate evaluated 

with the models. Factors that were significant (P < 0.10) are depicted as risk ratios in Figures 

3.14 through 3.29. The data in Figures 3.15, 3.18, 3.22, 3.25, and 3.29 are extensions of the 

RR results using population attributable risk (PAR) for 5 of the RR models models with 

dichotomous risk factors. Data in Figure 3.30 and Figure 3.31 depict general trends of farm 

culling rates established from the risk ratio models for primiparous and multiparous culling 

comparisons, culling rates by herd size, and culling rates by herd production level. 

 

Nulliparous: The data in Figure 3.14 and Figure 3.15 summarizes results for factors 

associated with the risk of nulliparous culling. In general, records of pneumonia or diarrhea 

were found to be associated with the increased risk for heifers at any age, but the lack of these 

event records, particularly for older heifers on many dairies in this study, prohibited highly 
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predicative estimate establishment due to these factors. Culling rates were significantly lower 

for young calves (P<0.001) and heifers (P=0.054) born in 2013 relative to 2014. Colder birth 

months indicated a higher risk of a calf being culled (P<0.001) in either year, but this increase 

in risk did not persist beyond 150 days of age.  

 

Primiparous cows: Factors associated with the risk of primiparous culling are summarized in 

Figures 3.16 through Figure 3.22. Facility and management factors associated with the 

increased risk of culling in primiparous cows prior to 60 DIM were lower prepartum bunk 

space access and less experience of the herd health manager and commingling from 61 to 300 

DIM. Younger and older age at first calving and records of a displaced abomasum, retained 

placenta, or ketosis were associated with an increased risk of culling while those heifers 

calving in June through August summer months had a lowered risk of culling in the first 60 

DIM. Lower milk production, higher milkfat concentration, lower milk true protein 

concentration, and higher linear score on the first test-day were strongly (P<0.010) associated 

with the risk of primiparous culling in the first 60 DIM while lower third test-day milk 

production and higher linear scores on third and greater test-days were similarly associated 

with an increased culling risk from 61 to 300 DIM. Records of a retained placenta, mastitis, 

indigestion or diarrhea, and pneumonia were also associated with the increased risk of 

primiparous culling from 61 to 300 DIM.  

 

Multiparous cows: Factors associated with the risk of multiparous culling are summarized in 

Figures 3.23 through 3.29. Multiparous cows were found to be at a higher risk of culling in 

the first 60 DIM with the following factors: increasing parity, long or short dry period lengths, 

summer calving months, longer days open in the previous lactation, lower milk production in 

the previous lactation, lower bedding depth in postpartum pens, records of a displaced 
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abomasum, retained placenta, milk fever, ketosis, or multiple postpartum disorders in any 

combination, lower milk production, higher milkfat concentration, lower milk true protein 

concentration, and higher linear score on the first test-day. Multiparous cows were found to be 

at a higher risk of culling from 61 to 300 DIM with the following factors: lower milk 

production on third test-day, higher linear score, lower bedding depth in lactating pens, dairy 

solids bedding, and records of a milk fever, ketosis, pneumonia, indigestion, diarrhea, or 

mastitis events. 

 

No linear trends (R
2
 <0.01) were observed for increased culling rates by either increasing herd 

size or increasing milk production. Trends (R
2
 = 0.05-0.08) were observed indicating slight 

positive correlations between the risk of culling prior to 60 DIM and the risk of culling from 

61 to 300 DIM as well as the risk of culling in primiparous cows and the risk of culling in 

multiparous cows. 

 

3.5 Discussion 

Recorded incidence and descriptive epidemiology: 

The acute increase in nulliparous culling risk from day 8 to 15 in an otherwise declining daily 

hazard (Figure 3.2) is likely the result of bacterial and viral pathogens that threaten calves 

during this period (Sivula et al., 1996; McGuirk, 2008). The accelerated culling risk may be 

associated with fecal oral pathogen transfer at birth or general environmental hygiene of calf 

rearing facilities (McGuirk, 2008). 

 

Graphics provided in Appendix C supported the gradient of increased risk by parity for most 

undesirable events, asestablished previously by others (Barkema et al., 1998; Rajala-Schultz 
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et al., 1999). Mastitis in the early postpartum period for primiparous animals illustrated the 

only exception to an increased event risk with increasing parity.   

 

Nulliparous culling risk: 

The risk ratio models specific to 3 time periods of nulliparous culling evaluated whether or 

not a broad array of factors, both animal and herd-level, were associated with nulliparous 

culling. All factors evaluated were chosen either for their established links to general 

nulliparous health and subsequent potential impact on survival or a research curiosity toward 

the influence of more general housing and management factors that these animals are exposed 

to. In general and as expected, the results illustrated that culling risk decreases with age and 

that mortality, as a proportion of all nulliparous culling, also decreased with age (Table 3.2). 

 

Prior to 150 days of age, the associations between culling and the recorded incidence of 

illness align with well-known biological principles of the risks of intestinal and respiratory 

diseases and their subsequent effect on survival or thriftiness of the replacement heifer (Sivula 

et al., 1996; Lago et al., 2006; McGuirk, 2008). Although distinguishing between respiratory 

and diarrheal records histories at the calf level are important, their subsequent numerical 

association with culling risk was found to be similar and therefore combined for more 

interpretive reporting. An association between nulliparous culling and colder birth months 

was anticipated due to the increased metabolic demand for nutrients that are beyond easy 

managerial correction for dairies in NYS (Jaster et al., 1992; NRC, 2001). However, provided 

that heat stress is also an associated factor for calf health, the presence or magnitude of RR by 

birthing season was of particular interest. Relative to stress above or below the thermo-neutral 

zone for calves during this study period in NYS, and relative to other years, data provided by 
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the National Climatic Data Center (www.ncdc.noaa.gov) indicates that colder months were 

harsher than normal and summer months were moderate. An associated difference between 

birth years and nulliparous culling was not expected in any substantial magnitude. Data 

provided by the National Agricultural Statistics Service (www.nass.usda.gov) indicates that 

the relative value of feeder cattle and milking replacement cattle was approximately 1.4 times 

higher in 2014 than in 2013. Although culling type (mortality vs. other) appeared proportional 

when comparing 2013 and 2014 culls, these economics could have an explanatory influence 

on the difference between years. As a whole, the dataset provided strong evidence that within 

and among dairies and across time, nulliparous losses are highly variable and likely a result of 

a combination of the factors discussed above. Given the stochastic nature of calf losses 

observed within a farm and within a year, and the low overall incidence of calf culling in our 

dataset, it is understandable that many of the herd-level factors had no associated influence on 

calf culling in 53 NYS dairy herds in two years.  

 

The exploration between nulliparous culling from 151 to 360 days of age and associated 

animal and herd-level factors provided further confirmation that no herd-level factors 

inherently affected overall culling risk among these dairies and within 2013-2014. 

Additionally, survey questions (Chapter II) and recorded incidence of illness in this period 

indicated a general decline in diagnostics and recording in this time period relative to younger 

calves. This trend dictates that the RR established in this study most likely underestimates the 

overall amount of culling explained by respiratory disease and diarrhea, since under-diagnosis 

or recording establishes a higher risk in the “unexposed” pool during the analysis (Grohn et 

al., 1998). The association between higher culling risk in 2014 than 2013 aligns with the 

previously discussed nulliparous risk prior to 150 days of age and, although not entirely 

explained by this study, could also be related to the increased value of heifer sales in those 

http://www.ncdc.noaa.gov/
http://www.nass.usda.gov/
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two years. In this risk period (151-360 days of age), the increased risk of culling was 

proportional to the approximate increased economic value of these animals (1.4x).  

 

The result of the risk ratio analysis for heifers from 361 to 600 days of age is not reported. 

Our findings were that only a record of pneumonia or diarrhea between 361 to 600 days of 

age was associated with an increased risk of culling in this period. However, due to very few 

records of such events, this effect was not significant. Additionally, while reproductive 

performance was investigated and confirmed to be highly explanatory of the risk of culling a 

heifer in this period, the format of this analysis makes these results non-intuitive and 

incomplete at 600 days of risk. Therefore, we conclude that a more complete analysis of the 

risk factors associated with culling heifers be conducted following an entire cohort of heifers 

from their VWP to first calving as the endpoint, regardless of when that calving may be. Herd 

manager decisions near the VWP to cull a heifer prior to any insemination, success of first 

and subsequent inseminations, and records of illness (if they exist for the study herds) should 

then explain much of the culling risk in this period.  

Primiparous culling risk: 

As with the multiparous models, the primiparous RR models evaluated the hypothesis that a 

variety of animal-based and herd-based factors were associated with culling in 2 separate time 

periods during the lactation. All evaluated covariates were chosen due to a previously 

established link to primiparous health, performance, or survival as well as general research 

interest in exploration of herd-level factors. Commingling and age at first calving were 

covariates unique to the primiparous models.  
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Commingling was evaluated due to its suspected social influence on peripartum and general 

primiparous performance and health (Nordlund et al., 2006). Commingling was associated 

with a 23% increase in the risk of primiparous culling from 61 to 300 DIM (Figure 3.20). The 

lack of purely homogenous grouping among herds and multiple grouping within herds in the 

study necessitated the approach to classifying commingling. Despite the non-intuitive nature 

of this method, few herd classifications were close to the cutoff using these criteria.  While 

there were no apparent associations between bunk space or stocking density and primiparous 

culling between 61 and 300 DIM, we suspect that if true causation exists between 

commingling and the risk of culling in this period it is likely a result of increased risk specific 

to both limited bunk space access and stall availability. Most herds in the dataset had greater 

than one cow per stall in 6-row freestall barn designs.  

 

Extremities in first calving age occur for various reasons but are well established as risk 

factors for subsequent health, performance, and survival of a primiparous cow. The 

relationship of either age extreme and subsequent culling risk can both be linked to feto-

pelvic disproportion and other risk factors for dystocia as described by Mee (2008). 

Additionally, excessive age at first calving under most nutritional conditions among study 

herds also results in over-conditioning and altered metabolic processes regulating dry matter 

intake and thus, subsequent postpartum health risk (Fronk et al., 1980; Kaneene and Miller, 

1995; Rukkwamsuk et al., 1999). 

 

There was an association between lowered primiparous postpartum culling risk with 

increasing years of experience of the fresh cow health manager (Figure 3.16) that was not 

subsequently confirmed by multiparous models. Beyond random chance dictated by herd 

enrollment, this may be an association with general culling practice and economic 
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philosophies, true influence on survival prognosis, preventive management of other general 

risk factors, or combinations thereof. 

 

The primiparous 60-day RR models provided a clear example of exceptions that arise when 

other factors are considered in tandem. Whereas the first two models clearly indicate the 

tendency of higher culling risk for a younger AFC, the test-day model illustrates that once 

milk production factors are accounted for this is no longer the case. In essence, the test-day 

model suggests that, with sufficiently high milk production and low milkfat and linear score 

on the first test-day, younger primiparous animals are at a lowered risk of culling than those 

above 21 months of age. Biologically, this statistical observation suggests that once younger 

primiparous animals that were more prone to have been small relative to the size of the calf, 

had later gestation abortions and entered a lactation, or were too small for adequate milk 

production are accounted for through test-day milk production information, the remainder 

actually have an increased survival probability.  

 

The postpartum primiparous RR models also provided an example of an effect that is in 

contrast with known biological effects of heat stress on the risk of culling for dairy cattle 

(Vitali et al., 2015). The 3 models provide a clear suggestion that culling risk was certainly no 

greater during the summer calving period, while 2 of the 3 models actually indicate increased 

survival throughout this calving period when health and production factors were considered. 

While we are not yet able to precisely explain this, it is well established that the effects of heat 

stress on culling risk can be acute, persistent only if the regional climate persists at a high 

temperature-humidity index, mitigated by barn practices, and can be more specific to 

prepartum exposure than other periods. Appendix B provides THI duration data for 5 of the 

same study herds during 2013 and 2014, and its subsequent impact on health in those herds. 
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Additionally, the postpartum multiparous model evaluating only facility, management, and 

general factors indicated the anticipated increase in risk of summer calving months. The end 

result of both multiparous and primiparous model evaluation is that, across all lactation 

groups, there was no net effect of summer calving months on culling risk in the first 60 days 

in milk for these study herds in 2014. This particular observation may be a result of voluntary 

culling decisions to maintain animal numbers within a herd, given increased heat stress 

impact with age. Therefore, it is highly likely that some factors override specific biological 

principles. These factors may include high milk price, a summer that was not particularly hot 

(supported in Appendix B) or in which herds performed particularly well in production, or 

offsets in culling risk for general herd management goals. These influences may vary over 

time and should be taken into consideration when possible.  

 

Multiparous culling risk: 

As with the primiparous models, the multiparous RR models evaluated the hypothesis that a 

variety of animal-based and herd-based factors were associated with culling in 2 separate time 

periods during the lactation. All evaluated covariates were chosen due to a previously 

established link to multiparous health, performance, or survival as well as general research 

interest in exploration of herd-level factors. Dry period length and previous lactation 

covariates were factors added to the multiparous RR models. 

 

The impacts of extremities in dry period length on subsequent performance, health, and 

culling have been previously documented (Rastani et al., 2005; Pinedo et al., 2011; Shahid et 

al., 2015). The result of a shortened dry period is also dependent on the interplay between 

definition of abortion compared to actual full-term parturition, the latter being the result of a 
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farm-managed dry period length whereas the former is inevitable to an extent. In this study, 

shorter dry period lengths have an unknown influence of late-term abortions. However, since 

the proportion of cows experiencing less than a 40 day dry period was less than 5% (Table 

2.5a), this impact was considered minimal. With a much larger proportion of at-risk 

multiparous cows having experienced a longer dry period, this should be considered the more 

informative of population attributable risk due to dry period length variation.  

 

The ability of previous lactation production performance and reproductive efficiency to serve 

as recorded proxies for subsequent lactation performance and survival risk is apparent in 

Figure 3.23 and has been well documented (Grohn et al., 1998; McConnel et al., 2008; Pinedo 

and De Vries, 2010; Shahid et al., 2015). In either case, the multiparous animal’s historical 

data is able to inform us of both the resultant physiological consequences that has likely 

incurred as a result of these factors and the propensity for that individual to repeat their 

historical performance. For both reasons, these factors and their influence are repeated often 

in the literature. 

 

Bedding depth above any stall surface was associated with increased multiparous culling 

during both periods of risk (Figure 3.23 and Figure 3.27). The association between this factor 

and multiparous as well as the lack of association to primiparous culling should also be noted. 

This finding is therefore presumably serving as a potential proxy for the long-term culling 

resultant of hoof, hock, knee, and general ambulatory health as an animal ages. In this study, 

investigated associations between stall and bedding practices did not directly consider stall 

surfaces or bedding dry matter. Bedding depth, stall surface (hardness), and bedding or 

bedding dry matter are known to have an interactive influence on hoof and leg health (Weary 

and Taszkun, 2000; Fulwider and Palmer, 2004; Fulwider et al., 2007; Tucker et al., 2009; Ito 
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et al., 2014) and these publications provide quantitative or classificatory techniques for their 

evaluation. Bedding depth has also been associated with higher mortality rates in at least one 

study (Thomsen et al., 2006). However, others (Vokey et al., 2001; Fulwider and Palmer, 

2004; Vanegas et al., 2006) provide evidence that similar hoof and leg health associations can 

be a result of non-stall or stall surface facility factors. Due to the breadth, scope, and time 

constraints of this study, it was therefore decided to omit these factors rather than under-

describe them. Our survey data and associated findings should provide useful field study 

design reference for herd enrollment, animal number, and power calculations for follow-up 

regarding the effect of stall characteristics, bedding practices, and stall surface research. 

 

The association between 61 to 300 DIM multiparous culling risk (Figure 3.27) and dairy 

manure solids bedding type warrants further epidemiological investigation. This association is 

in conjunction with a covariate that is already serving as a proxy for explaining udder health 

(maximum linear score from 3
rd

 to 10
th

 test-day) and its subsequent impact on culling risk. 

Additionally, several herds bedding with dairy solids were also deep bedding, and this factor 

is also significant and accounted for in the final multiparous RR model from 61-300 DIM. 

Therefore, it is possible that this dataset is suggesting an increased culling risk association 

with dairy manure solids bedding that is beyond knowledge of udder health captured by 

monthly test dates and dependent on bedding depth. Although interaction terms were 

evaluated for final covariates (bedding depth and type included), there were too few farms per 

class to evaluate this particular interaction without matrix convergence failure in risk ratio 

regression.   
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Overall risk ratio discussion for parous models: 

Bedding depth, bedding type, bunk space access, and commingling are among-farm practices 

evaluated that were associated with various age classes at different stages of lactation. While 

no final model covariates were found at risk of multicollinearity influence, the forward 

selection of covariates during the GENMOD procedure in SAS and CORR procedure analysis 

quickly indicated that several covariates that were specific to the prepartum, postpartum, and 

lactational risk periods were correlated (Rho>0.20) within-farm practices. These covariates 

are comprehensively listed in the covariate tables but correlations were numerous and not 

summarized. Consequently, the results of this study cannot distinguish facility or management 

risk factors and their acute impact to culling risk. Rather, since many practices observed for 

an individual farm were similar for multiple time periods, and in many cases adult cattle 

practices such as stocking density and bunk space were also correlated with heifer rearing 

practices, these associations are more likely the result of chronic, persistent environmental 

influences. However, since correlated covariates from different time periods were sequentially 

offered in each model and, at most, one remained significant in the final models, it is possible 

that a more specified temporal risk factor (as with prepartum vs. postpartum covariates) was 

truly isolated as the primary association. Since the production, health, and reproduction 

outcomes associated with these factors are not biologically acute anyway, associated links 

established in this study were considered relevant and may even help to distinguish the 

temporal nature of when an association may be more important to consider.  

 

As of the completion of this thesis, the author and the Cornell Statistical Consulting Unit had 

not yet uncovered a way to use full information maximum likelihood techniques with respect 

to risk ratio hypotheses testing. This technique would allow the benefits of general mixed 

model regression techniques that can establish parameter estimates only from those animals 
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with a value for each covariate while not discarding the partial information from those 

without (Allison, 2002). In our work, this would allow the integration of the three risk ratio 

submodels reported in this study and enable retention of more farms for each analysis. 

Although an integrated singular data analysis was run and could have been reported, disease 

definition variation, overlapped outcome explanation from multiple factors, and particularly 

the loss of culled cow data due to lack of a first test-day were deemed prohibitive to an 

integrated regression report in this study. 

 

The increased risk of culling associated with cows having greater than one postpartum 

disorder was only found in the postpartum multiparous health submodel, and at no greater 

biological effect than other disorders in singularity. This was not investigated further in the 

61-300 DIM risk ratio models. This effect estimate appears in contrast to other studies, some 

of which indicate a clear survival influence of multiple disease records (Hostens et al., 2012). 

While it is likely true that multiple diseases are a larger factor for multiparous cows than 

primiparous cows, our findings may also indicate the propensity for producer-reported events 

to omit multiple disease events. This is particularly true if multiple events occur in a narrow 

timeframe and the cow is already being treated for a primary event. It is also likely that a 

gradient of biological effect would appear greater in a model that only considers a single 

record of any disease event compared to multiple recorded events. Our model places the effect 

of multiple disease records per animal under the umbrella of displaced abomasum, retained 

placenta, milk fever, and ketosis having already been found significant and accounted for. 

Therefore, it is likely that the relative risk of multiple disorders is additive to the other 4 

individual disorders that were found to elevate culling risk. It is reasonable to assume that, 

given the condition that one of those 4 primary events has occurred, the 1.9 risk ratio could be 

added to the primary disorder for a cumulative risk factor. This can be validated with further 
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model exploration by eliminating other explanatory factors to isolate specific covariate 

combinations. 

 

Multiple studies have described the parous associations between test-day metrics and culling 

risk, and they are quantified independently in this study. Associations with reduced culling 

and higher milk production represent a general ability of a healthier cow to produce more 

milk as well as a reduced risk of being culled for economic reasons (Grohn et al., 1998; 

Pinedo et al., 2010; Shahid et al., 2015). Milk components often serve as biomarkers for 

various cow states as well and can be evaluated independently or in combination. Higher milk 

fat concentration has been linked to general body fat mobilization as a result of energy 

deficiency and is a proxy for hepatic metabolic health (Nordlund et al., 1995; Duffield et al., 

1997). Lower milk fat concentration is also established as an indicator of poor ruminal health 

and may decrease herd survivability (Nordlund et al., 1995), but both extremes in milkfat 

concentration were not explored in this study. Lower milk true protein concentration is 

associated with poorer dry matter intake and energetic (glucose) status and, as with milkfat, 

this association is established as more acute and relevant during the postpartum period (Sato, 

1998; Duchateau et al., 2005). The impact of clinical and subclinical mastitis on survivability, 

and as measured by test-day information, has also been repeatedly established (Thomsen and 

Houe, 2006; Hertl et al., 2011; Shahid et al., 2015). Calving ease, milk urea nitrogen, breed of 

cattle, twinning and sex of the calf have also been animal-based factors associated with the 

risk of parous culling (Bicalho et al., 2007; Shahid et al., 2015) that were not included in this 

analysis. 

 

Whereas our research approach was to investigate all culling and then describe that portion of 

culling attributed to mortality, dairy sales, or slaughter for each analysis (Table 3.2), others 
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(Raboisson et al., 2011; Alvåsen et al., 2012; Shahid et al., 2015) have more specifically 

focused on similar covariates and their relationship specifically to on-farm mortality. In many 

cases of exploring the data by cull type, the high proportion of culls explained by mortality 

also indicated that many covariates would also remain in a “mortality-only” risk ratio 

analysis. However, exhaustive exploration of this has not yet occurred with this dataset. 

 

Overall, specific and objective measures documenting the past or present state of the 

individual animal were more explanatory in risk ratio models of culling than factors external 

of the individual. Table 3.2 suggests an over 50% reduction in goodness of fit criteria (QIC) 

for models with similar animal and farm numbers using primarily animal-specific covariates 

compared to those evaluating external animal factors and only controlling for basic animal-

based factors such as age at first calving or dry period length. 

 

Several animal-based, facility characteristic, management practice, environmental, and 

temporal factors were associated with each age group evaluated in the risk ratio models. 

These general results are supported by others (Grohn et al., 1998; Weigel et al., 2003; Hadley 

et al., 2006; Fulwider et al., 2007; Pinedo and De Vries, 2010; Pinedo et al., 2010; Vergara et 

al., 2014; McArt et al., 2015; Shahid et al., 2015; De Vries et al., 2016), and many of these 

findings are linked specifically to mortality. This study allowed an estimate of the increased 

risk for each factor through the use of risk ratio modeling and exploration of model 

interactions between and across these factors. Results indicate that the strongest factors 

associated with an individual’s increased risk of culling are the most objective factors specific 

to the individual and those precisely measured or recorded. These include calving ages, dry 

period lengths, previous lactation performance factors, and current lactation test-day 
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information. However, broader epidemiological investigation of less animal-specific factors 

were also warranted, investigated, and described by this study.



  92 

Table 3.1: DC305 extraction commands for analysis of identical items across all 55 dairies. 

Item category Item String 

 LIST ID […] BY ID\B FOR (FDAT>12.25.12) (BDAT>12.25.12) 

General and 

transition health 

BDAT LACT FDAT SDATE DDATE DDAT DDRY DCAR BSTSD EASE DA1 

DA2 DA3 RP1 RP2 RP3 MF1 MF2 MF3 MET1 MET2 MET3 KET1 KET2 KET3 

Milk MLK1 MLK2 MLK3 MLK4 MLK5 MLK6 MLK7 MLK8 MLK9 MLK10 MLK11 

MLK12 MLK13 MLK14 MLK15 MLK16 MLK17 MLK18 MLK19 MLK20 

Fat FAT1 FAT2 FAT3 FAT4 FAT5 FAT6 FAT7 FAT8 FAT9 FAT10 FAT11 FAT12 

FAT13 FAT14 FAT15 FAT16 FAT17 FAT18 FAT19 FAT20 

Protein PROT1 PROT2 PROT3 PROT4 PROT5 PROT6 PROT7 PROT8 PROT9 PRO10 

PRO11 PRO12 PRO13 PRO14 PRO15 PRO16 PRO17 PRO18 PRO19 PRO20 

Test dates TDAT1 TDAT2 TDAT3 TDAT4 TDAT5 TDAT6 TDAT7 TDAT8 TDAT9 TDA10 

TDA11 TDA12 TDA13 TDA14 TDA15 TDA16 TDA17 TDA18 TDA19 TDA20 

Linear scores LOG1 LOG2 LOG3 LOG4 LOG5 LOG6 LOG7 LOG8 LOG9 LOG10 LOG11 

LOG12 LOG13 LOG14 LOG15 LOG16 LOG17 LOG18 LOG19 LOG20 

Reproduction RC CDAT ABDAT BR1 BR2 BR3 BR4 BR5 BR6 BR7 BR8 BR9 BR10 BR11 

BR12 BR13 BR14 BR15 DNBD 

Health DIAR1 DIAR2 DIAR3 DIAR4 DIAR5 IND1 IND2 IND3 IND4 IND5 LAME1 

LAME2 LAME3 LAME4 LAME5 MAST1 MAST2 MAST3 MAST4 MAST5 

PNEU1 PNEU2 PNEU3 PNEU4 

Previous 

lactation  

PDOPN PDIM PDDAT PFDAT FDAT1 FDAT2 FDAT3 FDAT4 FDAT5 FDAT6 

FDAT7 FDAT8 FDAT9 PCDAT PTOTM P305 PTOTF PTOTP PRELV 

Commingling:   

Prefresh SUM BY PEN FOR DCC>260 LACT=0 
 SUM BY LCTGP FOR PEN(s)=(>60% of prefresh heifers represented) 

Postfresh SUM BY PEN FOR DIM=0-30 LACT=1 INMILK 

 SUM BY LCTGP FOR PEN(s)=(>60% of postfresh primiparous represented) 

Lactating SUM BY PEN FOR DIM>59 LACT=1 INMILK 

 SUM BY LCTGP FOR PEN(s)=(>60% of lactating primiparous represented) 

FDAT= fresh date, BDAT= birth date, SDATE= sold date, DDATE= death date, DDRY= days dry, DCAR= 

disposal code, BSTSD= bST start date, EASE= calving ease score, DA=displaced abomasum, RP= retained 

placenta, MF= milk fever, MET= metritis, KET= ketosis, MLK=Test-day milk production items for test-days 1 

through 20, FAT= Milkfat items for test-days 1 through 20, PRO= Milk protein items for test-days 1 through 20, 

TDAT=Date of test-days 1 through 20, LOG= Linear scores for test-days 1 through 20, RC= reproductive code, 

CDAT= conception date, ABDAT= abort date, BR= breeding dates for 1 to 15 services, DNBD= do not breed date, 

DIAR= date of diarrhea events, IND= date of indigestion events, LAME= date of lameness events, MAST= date of 

mastitis events, PNEU= date of pneumonia events, PDOPN= previous days open, PDIM= previous DIM, PDDAT= 

previous due date, PFDAT= previous fresh date, FDAT= dates of first through ninth calvings, PCDAT= previous 

conception date, PTOTM= previous total milk production, P305= previous M305, PTOTF= previous total milkfat 

production, PTOTP= previous total milk protein production, PRELV= previous relative value. 
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Table 3.2: Description of final risk ratio models reported for factors associated with the risk of culling cattle on New York State dairies in 2013 and 2014. 

Risk ratio model description 

No. 

farms 

No. 

animals Study period 

Culls 

(%) 

Dairy sales (% of 

culls) 

Slaughter/Live 

Sales (% of 

Culls) 

Mortality (% of 

culls) 

GEE 

fit 

criteria 

(QIC) 

Nulliparous         

0 to 150 days of age 53 48,316 2013-2014 5.4 16.3 24.0 59.7 21,296 

151-360 days of age 52 25,401 2013-2014 3.2 40.9 27.5 31.6 7,417 

361-600 days of age 51 3,177 2013-2014 3.9 29.0 51.6 19.4 1,101 

Primiparous (0-60 DIM)         

Facility and management  48 22,685 2014 5.8 16.7 65.9 17.4 10,774 

Health records  23 10,905 2014 7.3 12.1 66.6 21.6 6,157 

Test-day records  54 22,438 2014 3.2 20.6 69.0 10.4 5,410 

Primiparous (61-300 DIM)         

Facility, management, and test-day records 54 5,877 2014 13.3 9.1 82.1 8.8 4,110 

Health records 43 2,723 2014 9.6 6.9 83.5 10.4 1,914 

Multiparous (0-60 DIM)         

Facility and management  52 40,897 2014 9.4 4.1 86.5 29.3 27,432 

Health records 23 18,758 2014 10.7 4.1 65.2 30.7 14,049 

Test-day records 54 37,631 2014 4.3 4.1 75.8 20.1 11,319 

Multiparous (61-300 DIM)         

Facility, management, and test-day records 55 9,779 2014 28.6 1.9 85.6 12.5 14,620 

Health records 26 2,680 2014 24.6 2.0 85.1 12.9 4,072 
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Table 3.3a: Variables used for association with the risk of culling prior to 150 days of age for 48,316 calves at risk on 53 New York State dairies in 2013 and 

2014. 

Predictor Unit/Class Frequency Mean
1 
± SE Range

1
 

Animal based measures  [% of calves
1
]   

    Birth year 2013 44.5   

 2014 55.5   

    Birth season     

Colder Sept-Feb 41.4   

Warmer Mar-Aug 58.6   

    Recorded illness prior to 150 days of age yes/no 11.5/88.5   

Facility and management measures     

    Calf housing type     

     barn 74.0   

 hutch 26.0   

    All calves and heifers born and raised at the dairy yes/no 49.7/50.3   

    Weaning type     

 abrupt 8.1   

    step-down 91.9   

    Weaning approach (if step-down)     

 dilution 14.6   

 reduction 85.4   

    Primary colostrum type     

 colostrum 97.9   

 replacer 2.1   

    Quantity of colostrum consumed in first dose liters  4.3 ± 0.4 2.2-4.4 

    Maximum target for first colostrum dose hours after birth  2.0 ± 3.0 0.3-24.0 

    Quantity of colostrum consumed in the first day liters  5.8 ± 1.4 2.1-10.6 

    Post-wean ration composition     

 hay/grain 51.7   

 fermented feeds 48.3   

    Age at first introduction to fermented feeds months  3.3 ± 1.5 1.0-10.0 

    Number of milk feedings per day     

     2 58.6   

 ≥2 41.4   

    Continued 
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Table 3.3a (continued): Variables used for association with the risk of culling prior to 150 days of age for 48,316 calves at risk on 53 New York State dairies in 

2013 and 2014. 

Predictor Unit/Class Frequency Mean
1 
± SE Range

1
 

    Milk feeding type     
 milk replacer 17.1   

     milk/combination 82.9   

    Weaning age days  57.1 ± 11.1 35.0-96.0 

    Quantity of milk consumed for majority of pre-wean phase liters  8.5 ± 2.8 4.2-14.8 

    Growth mode of the dairy
2
     

 stable/slow 52.9   

   moderate/rapid 47.1   

    Reported culling approach of dairy herd manager     

 aggressive 28.1   

 moderate 44.5   

 forgiving 27.4   

    Experience level of calving manager years  15.6 ± 11.3 1.0-50.0 

    Hours of daily calving area supervision     

 ≥20 86.5   

 <20 13.5   

    Scale of dairy operation (past year) mean lactating cows on test-day  1476 ± 725 168-3169 
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Table 3.3b: Variables used for association with the risk of culling between 151 and 360 days of age for 25,401 heifers at risk on 52 New York State dairies in 

2013 and 2014. 

Predictor Unit Frequency Mean
1 
± SE Range

1
 

Animal based measures  [% of heifers
1
]   

    Birth year     

 2013 80.9   

 2014 19.1   

    Birth season     

Colder Sept-Feb 61.4   

Warmer Mar-Aug 38.6   

    Recorded illness prior to 150 days of age yes/no 10.5/89.5   

    Recorded illness between 151 and 360 days of age yes/no 0.9/99.1   

Facility and management measures     

    Bunk space provided for 10 month old pens cm/heifer  31.5 ± 10.9 15.2-61.0 

    Stocking density of 10 month old pens heifers/stalls  1.24 ± 0.29 0.45-2.00 

    Mean bedding depth provided in 10 month old pens cm/stall  6.4 ± 8.4 0-25.4
3
 

    Number of moves prior to first calving times moved  10.4 ± 7.1 2.0-27.0 

    Number of feedings delivered to 10 month old pens times/day  1.1 ± 0.3 0.6-2.0 

    Number of pushups administered to 10 month old pens times/day  5.8 ± 4.7 0.0-30.0 

    Growth mode of the dairy
2
     

 stable/slow  53.1   

 moderate/rapid  46.9   

    Reported culling approach of dairy herd manager     

 aggressive 28.5   

 moderate 44.7   

 forgiving 2.3   

    Scale of dairy operation (past year) mean lactating cows 

on test-day 

 1486 ± 717 168-3169 
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Table 3.3c: Variables used for association with the risk of culling between 361 and 600 days of age for 3,177 heifers at risk on 52 New York State dairies in 2013 

and 2014. 

Predictor Unit Frequency Mean
1 
± SE Range

1
 

Animal based measures  [% of heifers
1
]   

    Recorded illness prior to 150 days of age yes/no 8.3/91.7   

    Recorded illness between 151 and 360 days of age yes/no 0.9/99.1   

    Recorded illness between 361 and 600 days of age yes/no 0.1/99.9   

Facility and management measures     

    Bunk space provided for 15 month old pens cm/heifer  37.3 ± 11.9 15.2-76.2 

    Stocking density of 15 month old pens heifers/stalls  1.23 ± 0.23 0.45-1.74 

    Mean bedding depth provided in 15 month old pens cm/stall  5.6 ± 7.3 0.0-25.4 

    Number of feedings delivered to 15 month old pens times/day  1.1 ± 0.3 0.5-2.0 

    Number of pushups administered to 15 month old pens times/day  5.1 ± 3.3 0.0-14.0 
1
Descriptive statistics are given for all calves and heifers in the dataset used for analysis if a survey answer was provided for the given variable. Only covariates 

retained in the final risk ratio model have complete information in tables. 
2
Perceived growth mode was the same as desired growth mode for 92% of 50 dairies that specified 

3
Deep beds were assigned 25.4 cm depth to look at a continuous covariate trend before splitting into classes (if significant) 
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Table 3.4a: Variables used for association with the risk of culling prior to 61 days in milk for 22,685 primiparous cows that experienced a minimum of 60 

potential days at-risk in 48 New York State dairies. 

Predictor Unit Frequency Mean
1 
± SE Range

1
 

Animal-based measures  [% of cows]   
    Age at first calving     

Younger ≤21 months 4.8   

Normal 21<months<24.5 75.7   

Older ≥24.5 months 19.5   

    Calving period     

Summer (June-August) 2014  yes/no 29.1   

All other months of 2014 yes/no 70.9   

Facility and management measures  [% of dairies]   

    Postpartum pen bedding amount (25.4 cm for deep beds)  cm  12.3 ± 10.4 0-25.4 

Less ≤6.35 cm 43.6   

More >6.35 cm 56.4   

    Prepartum pen bedding amount (25.4 cm for deep beds)  cm  15.5 ± 10.5 0.64-25.4 

Less ≤6.35 cm 30.9   

More >6.35 cm 69.1   

    Postpartum pen bedding type     

Primarily sand yes/no 38.2   

Primarily manure solids yes/no 20.0   

Primarily sawdust or paper byproducts yes/no 41.8   

    Prepartum pen bedding type     

Primarily sand yes/no 30.0   

Primarily manure solids yes/no 20.7   

Primarily sawdust or paper byproducts yes/no 41.5   

Primarily straw yes/no 7.8   

    Milking frequency (weighted mean) times/day  2.89 ± 0.28 2.00-3.25 

    Size of dairy (mean no. lactating in past year) cows  1495 ± 745 168-3169 

    Continued 
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Table 3.4a (continued): Variables used for association with the risk of culling prior to 61 days in milk for 22,685 primiparous cows that experienced a minimum 

of 60 potential days at-risk in 48 New York State dairies. 

Predictor Unit Frequency Mean
1 
± SE Range

1
 

    Bunk space in postpartum pens cm/cow  60.8 ± 18.3 30.5-183.5 
    Bunk space in prepartum pens cm/cow  61.3 ± 19.8 27.9-169.3 

    Mean bunk space in periparturient period  cm/cow  61.1 ± 16.8 29.2-17.6 

    Mean postpartum stocking density  cows/stalls  0.91 ± 0.19 0.30-1.30 

    Mean prepartum stocking density  cows/stalls  0.96 ± 0.16 0.50-1.25 

    Postpartum stall dimensions     

Volume of body occupancy space m
3
  2.4 ± 0.3 1.9-3.1 

Width (on center of loops) cm  119.9 ± 4.0 106.7-127.0 

Body resting length (curb to brisket locator  

or below vertical of neckrail to curb) 

cm  169.2 ± 12.0 142.2-205.7 

 Neckrail height (above mean bedding level) cm  117.6 ± 6.3 104.1-132.1 

Total stall length (weighted mean of  

outside and head to head rows) 

cm  231.6 ± 17.3 182.9-264.2 

    Prepartum stall dimensions     

Volume of body occupancy space m
3
  2.4 ± 0.3 1.9-3.0 

Width (on center of loops) cm  120.4 ± 5.4 106.7-134.6 

Body resting length (curb to brisket locator  

or below vertical of neckrail to curb) 

cm  169.9 ± 9.9 152.4-188.0 

 Neckrail height (above mean bedding level) cm  117.3 ± 6.1 106.7-132.1 

Total stall length (weighted mean of  

outside and head to head rows) 

cm  228.1 ± 20.6 152.4-274.3 

    Number of feedings in postpartum pens times/day  1.28 ± 0.68 1.0-4.0 

    Number of feed pushups in postpartum pens times/day  7.4 ± 3.7 1.0-21.0 

    Dairy manager’s perceived culling approach     

Aggressive  30.9   

Moderate  49.1   

Forgiving  20.0   

    Continued 
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Table 3.4a (continued): Variables used for association with the risk of culling prior to 61 days in milk for 22,685 primiparous cows that experienced a minimum 

of 60 potential days at-risk in 48 New York State dairies. 

Predictor Unit Frequency Mean
1 
± SE Range

1
 

    Manager’s perception of the dairy’s growth mode
2
     

Stable/neutral - 40.0   

Slow growth - 18.2   

Moderate growth - 27.3   

Aggressive/rapid growth - 14.6   

    Use of technology aids for monitoring and                                             

detection of disease during postpartum period 

yes/no 25.5/74.5   

    All calves and heifers born and raised at dairy yes/no 52.7/47.3   

    Commingled postpartum groups
3
 yes/no 53.7/46.3   

    Commingled prepartum groups
3
 yes/no 49.1/50.9   

    Calving area supervision frequency      

Continuous or ≥20 times per day over ≥20 hours yes/no 78.9   

Less than above  yes/no 21.1   

    Experience level of disease diagnosis and treatment 

manager 

years  20.3 ± 12.3 1.0-50.0 
1
Descriptive statistics are given for all cows in the dataset used for analysis (means are not representative for statistics across dairy responses, ranges are) 

2
Perceived growth mode was the same as desired growth mode for 92% of 50 dairies that specified 
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Table 3.4b: Disease incidence submodel variables used for association with the risk of culling less than 60 days in milk for 10,905 primiparous cows that 

experienced a minimum of 60 potential days at-risk in 23 New York State dairies with similar disease definition and record entry compliance. 

Predictor Unit Frequency (%)   

Disease recorded less than 60 days in milk - Incidence Risk (Range)   
    Displaced abomasum  yes/no 1.4 (0-5.5)   

    Ketosis  yes/no 4.8 (0-17.2)    

    Milk fever yes/no 0 (0-0)    

    Retained placenta  yes/no 6.0 (0.4-13.9)   

    Metritis  yes/no 21.5 (0-52.2)   

    Two or more of the above in any combination yes/no 5.7 (0-15.5)   

 

Table 3: Table 3.4c: Test-day performance submodel variables used for association with the risk of culling less than 60 days in milk for 22,438 primiparous cows 

that experienced a minimum of 60 potential days at-risk and one test-day in 54 New York State dairies. 

Predictor Unit Frequency Mean
1 
± SE Range

1
 

First test-day metric - [% of cows]   
    Milk production kg  28.1 ± 8.5 0.9-99.1 

    Milk fat concentration %  4.24 ± 1.00 0.80-10.0 

    Milk true protein concentration %  3.12 ± 0.46 1.30-9.90 

Linear score- maximum of any test days <60 dim     

High >6.0 5.6   

Moderate 4.0-6.0 13.2   

Low <4.0 81.2   
1
Descriptive statistics are given for all cows in the dataset used for analysis (means are not representative for statistics across dairy responses, ranges are) 
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Table 3.5a: Variables used for association with the risk of culling less than 60 days in milk for 43,939 multiparous cows that experienced a minimum of 60 

potential days at-risk in 52 New York State dairies. 

Predictor Unit Frequency Mean
1 
± SE Range

1
 

Animal-based measures  [% of cows]   
    Lactation  number 2 43.4   

 3 29.6   

 ≥4 27.1   

    Previous lactation dry period length     

Short <40 days 4.4   

Normal 40-65 days 76.5   

Long >65 days 19.1   

    Calving period     

Summer (June-August) 2014  yes/no 30.0   

All other months of 2014 yes/no 70.0   

    Previous lactation ME305 1000 kg  13.9 ± 2.5 0-24.8 

    Previous lactation days open days  115.6 ± 61.6 11.0-1,023.0 

Facility and management measures  [% of dairies]   

    Postpartum pen bedding amount (25.4 cm for deep beds)  cm  12.3 ± 10.4 0-25.4 

Less ≤6.35 cm 46.2   

More >6.35 cm 53.8   

    Prepartum pen bedding amount (25.4 cm for deep beds)  cm  15.5 ± 10.5 0.64-30.5 

Less ≤6.35 cm 32.7   

More >6.35 cm 67.3   

    Postpartum pen bedding type     

Primarily sand yes/no 38.5   

Primarily manure solids yes/no 19.2   

Primarily sawdust or paper byproducts yes/no 42.3   

    Prepartum pen bedding type     

Primarily sand yes/no 34.6   

Primarily manure solids yes/no 17.3   

Primarily sawdust or paper byproducts yes/no 38.5   

Primarily straw yes/no 9.6   

    Continued 
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Table 3.5a (continued): Variables used for association with the risk of culling less than 60 days in milk for 43,939 multiparous cows that experienced a minimum 

of 60 potential days at-risk in 52 New York State dairies. 

Predictor Unit Frequency Mean
1 
± SE Range

1
 

    Milking frequency (weighted mean) times/day  2.89 ± 0.28 2.00-3.25 
    Size of dairy (mean no. lactating in past year) cows  1495 ± 745 168-3169 

    Bunk space in postpartum pens cm/cow  60.6 ± 17.9 30.5-183.5 

    Bunk space in prepartum pens cm/cow  61.5 ± 19.5 27.9-169.3 

    Mean bunk space in periparturient period cm/cow  61.1 ± 16.4  29.2-176.4 

    Mean postpartum stocking density  cows/stalls  0.91 ± 0.19 0.30-1.30 

    Mean prepartum stocking density  cows/stalls  0.96 ± 0.16 0.50-1.25 

    Postpartum stall dimensions     

Volume of body occupancy space m
3
  2.4 ± 0.3 1.9-3.1 

Width (on center of loops) cm  119.7 ± 4.2 106.7-127.0 

Body resting length (curb to brisket locator  

or below vertical of neckrail to curb) 

cm  168.4 ± 11.9 142.2-205.7 

 Neckrail height (above mean bedding level) cm  117.6 ± 6.3 104.1-132.1 

Total stall length (weighted mean of  

outside and head to head rows) 

cm  231.4 ± 17.4 182.9-264.2 

    Prepartum stall dimensions     

Volume of body occupancy space m
3
  2.4 ± 0.3 1.9-3.0 

Width (on center of loops) cm  120.5 ± 5.6 106.7-134.6 

Body resting length (curb to brisket locator  

or below vertical of neckrail to curb) 

cm  169.4 ± 9.9 152.4-188.0 

 Neckrail height (above mean bedding level) cm  117.1 ± 6.1 106.7-132.1 

Total stall length (weighted mean of  

outside and head to head rows) 

cm  227.6 ± 20.7 152.4-274.3 

    Number of feedings in postpartum pens times/day  1.3 ± 0.7 1.0-4.0 

    Number of feed pushups in postpartum pens times/day  7.7 ± 3.8 1.0-21.0 

    Dairy manager’s perceived culling approach     

Aggressive  32.7   

Moderate  40.8   

Forgiving  26.5   

     

 

 

 

 

 

 

   Continued 
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Table 3.5a (continued): Variables used for association with the risk of culling less than 60 days in milk for 43,939 multiparous cows that experienced a minimum 

of 60 potential days at-risk in 52 New York State dairies. Predictor Unit Frequency Mean
1 
± SE Range

1
 

Manager’s perception of the dairy’s growth mode
2
     

Stable/neutral  40.4   

Slow growth  17.3   

Moderate growth  26.9   

Aggressive/rapid growth  15.4   

    Use of technology aids for monitoring and                                     

detection of disease during postpartum period 

yes/no 21.1/78.9   

    Experience level of disease diagnosis and treatment 

manager 

years  20.3 ± 12.3 1.0-50.0 

    Calving area supervision frequency      

Continuous or ≥20 times per day over ≥20 hours yes/no 78.9   

Less than above  yes/no 21.1   
1
Descriptive statistics are given for all cows in the dataset used for analysis (means are not representative for statistics across dairy responses but ranges are) 

2
Perceived growth mode was the same as desired growth mode for 92% of 50 dairies that specified 
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Table 3.5b: Disease incidence submodel variables used for association with the risk of culling less than 60 days in milk for 18,758 multiparous cows that 

experienced a minimum of 60 potential days at-risk in 23 New York State dairies with similar disease definition and record entry compliance. 

Predictor Unit Frequency (%)   

Disease recorded less than 60 days in milk  Incidence Risk (Range)   

    Displaced abomasum  yes/no 3.2 (0.9-10.1)   

    Ketosis  yes/no 14.5 (0-37.4)    

    Milk fever  yes/no 2.7 (0-14.4)    

    Retained placenta  yes/no 8.9 (1.7-17.8)   

    Metritis  yes/no 12.5 (0.8-35.6)   

    Two of the above in any combination yes/no 9.6 (0.1-28.2)   

 

Table 4: Table 3.5c: Test-day performance submodel variables used for association with the risk of culling less than 60 days in milk for 37,631 multiparous cows 

that experienced a minimum of 60 potential days at-risk and one test-day in 54 New York State dairies. 

Predictor Unit Frequency Mean
1 
± SE Range

1
 

First test-day metric  [% of cows]   
    Milk production kg  41.0 ± 11.2 0.9-106.8 

    Milk fat concentration %  4.26 ± 1.05 0.40-10.20 

    Milk true protein concentration %  3.11 ± 0.55 1.5-9.90 

Linear score- maximum of any test-days <60 dim     

High >6.0 8.9   

Moderate 4.0-6.0 14.1   

Low <4.0 77.0   
1
Descriptive statistics are given for all cows in the dataset used for analysis (means are not representative for response statistics across dairies but ranges are) 
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Table 3.6a: Variables used for association with relative risk of culling from 61 to 300 days in milk on a cohort of 5,877 primiparous cows that experienced 61 to 

300 potential days at-risk in 54 New York State dairies. 

Predictor Unit Frequency Mean
1 
± SD Range

1
 

Animal-based measures  [% of cows]   
    Reproductive status at culling or 300 DIM     

Not bred - 2.0   

Bred, not pregnant - 12.7   

Pregnant mid/early ≤84 days after 

VWP 

68.1   

Pregnant late >84 days after 

VWP 

17.2   

    Age at first calving     

Younger ≤21 months 5.0   

Normal 21<months<24.5 76.4   

Older ≥24.5 months 18.5   

    Month of calving Jan-May 2014 100   

    Third test day milk production kg  37.0 ± 7.6 1.36-71.8 

    Third test timing days in milk  81.7 ± 15.2 56.0-153.0 

    Maximum linear score between 3 and 10 test days     

No data
2
 - 2.9   

High >6.0 12.3   

Moderate 4.0-6.0 18.0   

Low <4.0 66.8   

Facility and management measures  [% of dairies]   

    Bedding amount (25.4 cm for deep beds) cm  12.1 ± 10.2 1.3-25.4 

Less ≤6.35 cm 48.5   

More >6.35 cm 51.5   

    Bedding type     

Primarily sand yes/no 39.0   

Primarily manure solids yes/no 31.2   

Primarily sawdust or paper byproducts yes/no 29.9   

    bST use yes/no 50.6/49.4   

    Milking frequency (weighted mean) times/day  2.89 ± 0.29 2-3.25 

    Size of dairy (mean no. lactating in past year) cows  1512 ± 749 168-3169 

    Continued 
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Table 3.6a (continued): Variables used for association with relative risk of culling from 61 to 300 days in milk on a cohort of 5,877 primiparous cows that 

experienced 61 to 300 potential days at-risk in 54 New York State dairies. 

Predictor Unit Frequency Mean
1 
± SD Range

1
 

    Bunk space in lactating pens cm/cow  40.3 ± 7.7 21.6-76.2 
    Mean bunk space in transition period cm/cow  61.5 ± 16.2 29.2-176.4 

    Stall dimensions (weighted means of multiple 

pens) 

    

Volume of body occupancy space m
3
  3.2 ± 0.3 2.3-4.0 

Width (on center of loops) cm  118.9 ± 3.9 106.7-129.5 

Body resting length (curb to brisket locator  

or below vertical of neckrail to curb) 

cm  168.1 ± 9.6 147.3-188.0 

 Neckrail height (above mean bedding level) cm  118.0 ± 5.4 106.7-134.6 

Total stall length (weighted mean of  

outside and head to head rows) 

cm  228.2 ± 15.1 177.8-254.0 

    Number of feedings  times/day  1.93 ± 0.86 1.0-5.0 

    Number of feed pushups times/day  8.1 ± 4.2 1.0-30.0 

    Dairy manager’s perceived culling approach     

Aggressive  36.6   

Moderate  44.2   

Forgiving  19.2   

    Manager’s perception of the dairy’s growth mode
3
     

Stable/neutral  42.3   

Slow growth  15.4   

Moderate growth  28.8   

Aggressive/rapid growth  13.5   

    Use of technology aids for monitoring and                                             

detection of disease during lactation 

yes/no 25.0/75.0   

    Voluntary waiting period of the dairy days in milk  62.1 ± 9.1 40.0-80.0 

    All calves and heifers born and raised at dairy yes/no 51.9/48.1   

    Commingled lactating groups
4
 yes/no 30.8/69.2   

 

 

 

 

 



  108 

Table 3.6b: Variables used for disease association with the relative risk of culling from 61 to 300 days in milk on a cohort of 2,723 primiparous cows that 

experienced 61 to 300 potential days at-risk in 43 New York State dairies. 

Predictor Unit Frequency I.R. Range
5
  

Animal-based measures  [% of cows] [% of cows]  
    Record of disease <60 days in milk     

Displaced abomasum yes/no 1.1/98.9 0-3.1  

Milk fever yes/no 0/100.0 0-0  

Ketosis yes/no 3.4/86.6 3.4/86.6  

Retained placenta yes/no 7.2/92.8 0.0-29.9  

Metritis yes/no 17.2/82.8 0.0-55.0  

    Record of disease <300 days in milk     

Mastitis yes/no 14.1/85.9 0.0-36.9  

Lameness yes/no 11.2/88.8 0.0-34.2  

Pneumonia yes/no 1.4/98.6 0.0-6.7  

Indigestion/diarrhea yes/no 1.4/98.6 0.0-7.9  
1
 Descriptive statistics are given for all cows in the dataset used for analysis (means are not representative for statistics across dairy responses but ranges are) 

2
No data largely represents culls that had occurred shortly after 60 days, therefore missing a 3

rd
 and subsequent test-day (mean cull dim>100 days sooner than all 

other culls) 
3
Perceived growth mode was the same as desired growth mode for 92% of 50 dairies that specified 
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Table 3.7a. Variables used for association with relative risk of culling from 61 to 300 days in milk on a cohort of 9,779 multiparous cows that experienced 61 to 

300 potential days at-risk on 55 dairies in New York State. 

Predictor Unit Frequency Mean
1 
± SD Range

1
 

Animal-based measures  [% of cows]   
    Lactation  number 2 48.9   

 3 29.1   

 ≥4 22.0   

    Previous lactation dry period length     

Short <40 days 3.0   

Normal 40-65 days 73.2   

Long >65 days 23.9   

    Reproductive status at culling or 300 DIM     

Not bred - 5.3   

Bred, not pregnant - 19.8   

Pregnant early ≤42 days after 

VWP 

38.7   

Pregnant mid 43-84 days after 

VWP 

16.7   

Pregnant late >84 days after 

VWP 

19.6   

    Age at first calving     

Younger ≤21 months 3.8   

Normal 21<months<24.5 73.9   

Older ≥24.5 months 22.3   

    Month of calving Jan-May 2014    

    Third test day milk production kg  49.6 ± 7.9 1.4-94.1 

    Third test timing days in milk  81.2 ± 14.1 54.0-149.0 

    Previous lactation ME305 1000 kg  13.9 ± 2.5 0.0-23.6 

    Previous lactation days open days  114.0 ± 61.1 34.0-692.0 

    Maximum linear score between 3 and 10 test days     

No data
2
 - 4.0   

High >6.0 21.9   

Moderate 4.0-6.0 26.3   

Low <4.0 47.8   

    Continued 
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Table 3.7a (continued). Variables used for association with relative risk of culling from 61 to 300 days in milk on a cohort of 9,779 multiparous cows that 

experienced 61 to 300 potential days at-risk on 55 dairies in New York State. 

Predictor Unit Frequency Mean
1 
± SD Range

1
 

Facility and management measures  [% of dairies]   
    Bedding amount (25.4 cm for deep beds) cm  13.1 ± 10.4 1.3-25.4 

Less ≤6.35 cm 42.6   

More >6.35 cm 57.4   

    Bedding type     

Primarily sand yes/no 40.7   

Primarily manure solids yes/no 24.1   

Primarily sawdust or paper byproducts yes/no 35.2   

    bST use yes/no 53.7/46.3   

    Milking frequency (weighted mean) times/day  2.89 ± 0.29 2-3.25 

    Size of dairy (mean no. lactating past year) cows  1452 ± 675 168-3169 

    Bunk space in lactating pens cm/cow  40.5 ± 7.8 21.6-76.2 

    Mean bunk space in transition period cm/cow  61.3 ± 16.7 29.2-176.4 

    Mean stocking density for the majority of lactation cows/stalls  1.19 ± 0.13 0.86-1.45 

    Stall dimensions (weighted means of multiple pens)     

Volume of body occupancy space m
3
  3.2 ± 0.3 2.3-4.0 

Width (on center of loops) cm  119.1 ± 3.9 106.7-129.5 

Body resting length (curb to brisket locator  

or below vertical of neckrail to curb) 

cm  166.9 ± 9.9 147.3-188.0 

 Neckrail height (above mean bedding level) cm  117.9 ± 5.7 106.7-134.6 

Total stall length (weighted mean of  

outside and head to head rows) 

cm  227.3 ± 15.2 177.8-254.0 

    Number of feedings  times/day  1.9 ± 0.9 1.0-5.0 

    Number of feed pushups times/day  8.0 ± 4.6 1.0-30.0 

    Dairy manager’s perceived culling approach     

Aggressive  31.5   

Moderate  48.1   

Forgiving  20.4   

    Continued 
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Table 3.7a (continued). Variables used for association with relative risk of culling from 61 to 300 days in milk on a cohort of 9,779 multiparous cows that 

experienced 61 to 300 potential days at-risk on 55 dairies in New York State. 

Predictor Unit Frequency Mean
1 
± SD Range

1
 

    Manager’s perception of the dairy’s growth mode
3
     

Stable/neutral  38.9   

Slow growth  18.5   

Moderate growth  27.8   

Aggressive/rapid growth  14.8   

Use of technology aids for monitoring and detection of disease 

during lactation 

yes/no 24.1/75.9   

    Voluntary waiting period of the dairy days in milk  61.9 ± 9.0 40.0-80.0 
1
Descriptive statistics are given for all cows in the dataset used for analysis 

2
 No data largely represents culls that occurred shortly after 60 days, therefore missing a 3

rd
 and subsequent test-day (mean cull dim>100 days sooner than all 

other culls) 
3
Perceived growth mode was the same as desired growth mode for 92% of 50 dairies that specified 

 

Table 3.7b: Variables used for disease association with relative risk of culling from 61 to 300 days in milk on a cohort of 2,680 multiparous cows that 

experienced 61 to 300 potential days at-risk on 26 dairies in New York State. 

Predictor Unit Frequency I.R. Range
4
  

Animal-based measures  [% of cows] [% of cows]  
    Lactation  number 2 49.0   

 3 28.8   

 ≥4 22.3   

    Record of disease <60 days in milk     

Displaced abomasum yes/no 3.3/96.7 0.0-11.5  

Milk fever yes/no 1.7/98.3 0.0-11.4  

Ketosis yes/no 12.2/87.8 0.0-36.2  

Retained placenta yes/no 9.3/90.7 0.0-19.3  

Metritis yes/no 12.5/87.5 0.0-47.7  

    Record of disease <300 days in milk     

Mastitis yes/no 36.0/64.0 1.9-56.0  

Lameness yes/no 20.8/79.2 0.0-51.9  

Pneumonia yes/no 3.7/96.3 0.0-20.9  

Indigestion/diarrhea yes/no 2.7/97.3 0.0-10.5  
4
Range of incidence risk reported across the final 26 dairies. Individual disease significance was first tested for only those dairies with a standardized definition 

and entry compliance, which is a subset of reported dairies. Diseases with associations remained restricted on definition and entry compliance in the final model
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Figure 3.1: Validation of record entry by adult cattle health event type for 55 dairies in New York State in 2014 

(frequency of a confirmed event record for herds indicating the usage of an event type, %). 

 

 
Figure 3.2: Daily risk of culling until 25.5 months of age for calves and heifers in 2013 and 2014 on 55 dairies in 

New York State. Number of animals in dataset (start/middle/end) = 64,510/ 28,825/ 53, respectively. Data smoothed 

using 3-day averages. 
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Figure 3.3: Daily risk of do not breed event records until 25.5 months of age for calves and heifers in 2013 and 2014 

on 55 dairies in New York State. Number of animals in dataset (start/middle/end) = 64,510/ 28,825/ 53, respectively. 

Data smoothed using 7-day averages until 650 days of age and by 30 day averages thereafter. 

 
Figure 3.4: Daily risk of culling for lactating cattle on 55 dairies in New York State in 2014. Number of animals in 

dataset (start/middle/end) = 71,760/ 31,379/ 184, respectively. Data smoothed using 3-day averages until 350 DIM 

and by 21-day averages thereafter. 
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Figure 3.5: Daily risk of a do-not-breed decision being recorded for lactating cattle on 55 dairies in New York State 

in 2014. Number of animals in dataset (start/middle/end) = 71,760/ 31,379/ 184, respectively. Data smoothed using 

3-day averages until 350 DIM and by 21-day averages thereafter. 

 
Figure 3.6 Daily risk of a mastitis record for lactating cattle on 15 dairies in New York State in 2014. Number of 

animals in dataset (start/middle/end) = 19,889/ 8,507/ 41, respectively. Data smoothed using 3-day averages until 

350 DIM and by 21-day averages thereafter. 
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Figure 3.7: Daily risk of a lameness record for lactating cattle on 15 dairies in New York State in 2014. Number of 

animals in dataset (start/middle/end) = 19,889/ 8,507/ 41, respectively. Data smoothed using 3-day averages until 

350 DIM and by 21-day averages thereafter. 

 
Figure 3.8: Daily risk of an indigestion or diarrhea record for lactating cattle on 15 dairies in New York State in 

2014. Number of animals in dataset (start/middle/end) = 19,889/ 8,507/ 41, respectively. Data smoothed using 3-day 

averages until 350 DIM and by 21-day averages thereafter. 
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Figure 3.9: Daily risk of a ketosis record for lactating cattle on 15 dairies in New York State in 2014. Number of 

animals in dataset (start/middle/end) = 19,883/ 16,299/ 15,873, respectively. 

 
Figure 3.10: Daily risk of a metritis record for lactating cattle on 15 dairies in New York State in 2014. Number of 

animals in dataset (start/middle/end) = 19,883/ 16,299/ 15,873, respectively. 
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Figure 3.11: Daily risk of a milk fever record for lactating cattle on 15 dairies in New York State in 2014. Number 

of animals in dataset (start/middle/end) = 19,883/ 16,299/ 15,873, respectively. 

 
Figure 3.12: Daily risk of a retained placenta record for lactating cattle on 15 dairies in New York State in 2014. 

Number of animals in dataset (start/middle/end) = 19,883/ 16,299/ 15,873, respectively. 
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Figure 3.13: Daily risk of a displaced abomasum record for lactating cattle on 15 dairies in New York State in 2014. 

Number of animals in dataset (start/middle/end) = 19,883/ 16,299/ 15,873, respectively. 
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Figure 3.14: Factors associated with the risk of culling for nulliparous animals on 55 New York State dairies in 2013 

and 2014. RR = relative risk, IRe = incidence risk of exposed animals, IRu = incidence risk of unexposed animals. 

 
Figure 3.15: Population attributable risk of culling due to factors associated with the risk of culling prior to 150 days 

of age for 48,316 calves on 53 New York State dairies in 2013 and 2014. Colder birth months = September through 

February. Results are reported as: % of dataset with the factor; % of culling explained by the factor.  
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Figure 3.16: Facility and management factors associated with the risk of culling in the first 60 days in milk for 

22,685 primiparous animals on 48 New York State dairies in 2014. RR = relative risk, IRe = incidence risk of 

exposed animals, IRu = incidence risk of unexposed animals. 

 
Figure 3.17: Health records associated with the risk of culling in the first 60 days in milk for 10,905 primiparous 

animals on 23 New York State dairies in 2014. RR = relative risk, IRe = incidence risk of exposed animals, IRu = 

incidence risk of unexposed animals. 
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Figure 3.18: Population attributable risk of culling due to factors associated with the risk of culling prior to 61 DIM 

for 10,905 primiparous cows on 23 New York State dairies in 2014. AFC = age at first calving (other than 21-24.5 

months). Non-summer of 2014 = January- May and September - December. RP = retained placenta, DA = displaced 

abomasum. Prepartum bunk space < 71.1 cm vs. other. Results are reported as: % of dataset with the factor; % of 

culling explained by the factor. 

 
Figure 3.19: Test-day records associated with the risk of culling in the first 60 days in milk for 22,438 primiparous 

animals on 54 New York State dairies in 2014. RR = relative risk, IRe = incidence risk of exposed animals, IRu = 

incidence risk of unexposed animals. 
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Figure 3.20: Facility, management, and test-day factors associated with the risk of culling from 61 to 300 days in 

milk for 5,877 primiparous animals on 54 New York State dairies in 2014. 

 
Figure 3.21: Health records associated with the risk of culling from 61 to 300 days in milk for 2,377 primiparous 

animals on 43 New York State dairies in 2014. RR = relative risk, IRe = incidence risk of exposed animals, IRu = 

incidence risk of unexposed animals. 
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Figure 3.22: Population attributable risk of culling due to factors associated with the risk of culling from 61 to 300 

DIM for 2,377 primiparous cows on 43 New York State dairies in 2014. Results are reported as: % of dataset with 

the factor; % of culling explained by the factor. 

 
Figure 3.23: Facility and management factors associated with the risk of culling in the first 60 days in milk for 

40,897 multiparous animals on 52 New York State dairies in 2014. RR = relative risk, IRe = incidence risk of 

exposed animals, IRu = incidence risk of unexposed animals. 
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Figure 3.24: Health records associated with the risk of culling in the first 60 days in milk for 18,758 multiparous 

animals on 23 New York State dairies in 2014. RR = relative risk, IRe = incidence risk of exposed animals, IRu = 

incidence risk of unexposed animals. 

 
Figure 3.25: Population attributable risk of culling due to factors associated with the risk of culling prior to 61 DIM 

for 18,758 multiparous cows on 23 New York State dairies in 2014. Dry period length risk > 65 days or <40 days. 

MF = milk fever, RP = retained placenta, DA = displaced abomasum. Results are reported as: % of dataset with the 

factor; % of culling explained by the factor. 
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Figure 3.26: Test-day records associated with the risk of culling in the first 60 days in milk for 37,631 multiparous 

animals on 54 New York State dairies in 2014. RR = relative risk, IRe = incidence risk of exposed animals, IRu = 

incidence risk of unexposed animals. 

 
Figure 3.27: Facility, management, and test-day records associated with the risk of culling from 61 to 300 days in 

milk for 9,779 multiparous animals on 55 New York State dairies in 2014. RR = relative risk, IRe = incidence risk of 

exposed animals, IRu = incidence risk of unexposed animals. 
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Figure 3.28: Health records associated with the risk of culling from 61 to 300 days in milk for 2,680 multiparous 

animals on 23 New York State dairies in 2014. RR = relative risk, IRe = incidence risk of exposed animals, IRu = 

incidence risk of unexposed animals. 

 
Figure 3.29: Population attributable risk of culling due to factors associated with the risk of culling from 61 to 300 

DIM for 2,680 multiparous cows on 23 New York State dairies in 2014.  MF= milk fever. Results are reported as: % 

of dataset with the factor; % of culling explained by the factor. 
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Figure 3.30: Relationships of herd culling rates (%) prior to 60 DIM on primiparous vs. multiparous cows (left) and 

prior to 60 DIM vs. 61-300 DIM (right) for 55 New York State dairies in 2014. 

 

 

 
Figure 3.31: Relationship of relative herd size (left) and average milk production (right) of a dairy to culling rates 

(%) prior to 60 DIM for 55 New York State dairies in 2014.
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CHAPTER 4: FOUNDATION OF A DAIRY FARM SIMULATION MODEL: THE 

CORNELL DAIRY FARM MODEL 

4.1 Abstract 

The foundation for an integrated, agent-based, dairy herd simulation model was initiated for use 

in evaluation of dairy operations performance and profitability after adoption of varying 

management strategies. The model is being coded in Java (Oracle Corporation) using Java and 

Scala programming software and languages. The objective is to explore a novel approach to 

dairy economic simulation that would be useful for researchers, extension and education 

specialists, and dairy managers and consultants. Animal processes, farm policies, economic 

parameters, simulation workflow, and reporting platforms were constructed to begin 

methodological validation. A user interface to visualize basic simulation accumulations was 

simultaneously initiated. Results of this effort can provide a useful platform for future research 

and development from its current baseline.  

 

4.2 Introduction  

Dairy producers and their consultants are constantly challenged to select the most profitable 

strategies and investments for their operations. For many dairy farms deciding to adopt new 

management strategies or incurring major investments becomes a major bottleneck because the 

economic impact is extremely difficult to quantify without a reasonable prediction of future herd 

and business performance. For numerous areas of farm management (e.g., reproduction, 

replacements) and technologies (e.g., automated monitoring systems, robotic milking), it is 

particularly difficult to evaluate the cost-benefit of their implementation because of the major 

time lag between adoption or installation and change in herd performance and the numerous 

interactions with other areas of farm management. In many cases, research or peer-farmer data 

are available but, results may not be directly applicable to the particular conditions of the dairy 

farm of interest. Thus, decision-support tools that integrate all relevant areas of farm 
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management can be useful to forecast the economic implications of adopting new management 

strategies or technologies and determine if these are good investments under the specific 

conditions of a dairy farm. Unfortunately, the myriad of existing herd management and 

economic modeling tools fail to provide the necessary decision-making support to producers and 

consultants because most of them have been developed to serve a single function, focusing on 

very specific areas of farm management.  

 

As an example, numerous decision-making tools have been developed to evaluate feeding 

(Dobos et al., 2004; Shalloo et al., 2004), reproduction (Giordano et al., 2011; Giordano et al., 

2012; Galvao et al., 2013), health (Skidmore, 1990; Liang, 2013), replacements (Mourits et al., 

1999; Dobos et al., 2001; Cabrera, 2010), herd decisions on stocking density (De Vries et al., 

2016), or adoption of technology and financial performance (Bewley et al., 2010), but no single 

tool combines them all. For many of these tools, the rigidity of the modeling approach (e.g., 

excel spreadsheets, Markov chains, decision trees) does not allow modeling the complexity of 

dairy cow and farm management to a level that truly reflects the intricate reality of a dairy 

operation.  

 

Thus, we began the development of a state of the art, user-friendly decision-support tool based 

on a computer simulation model that includes most areas of farm management relevant to dairy 

profitability. The Cornell Dairy Farm Model (CDFM) is a novel tool based on an agent-based 

simulation model that adopts the cow as the primary agent in the dairy farm. Detailed modeling 

at the cow level and the multiple management and environmental factors that impact cow 

performance will facilitate the integration of all components of a dairy farm into one 

comprehensive dynamic model. The final product will be capable of evaluating herd 

performance and the economic implications of numerous different strategies and investments. A 
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major advantage of the CDFM will be the ability to predict farm profitability after combining 

different management strategies, technologies, and capital investments. This tool will help dairy 

farms make informed decisions based on predicted economic outcomes for their own operations. 

 

4.3 General methodology and current status  

The CDFM is already under development based on a state of the art simulation model of a dairy 

farm. Through agent-based modeling (ABM) we simulate the entire lifetime of cows, 

management practices, and market conditions. Simulating the progression of a dairy farm over 

time involves modeling a complex series of interactions between physiological processes within 

individual cows, decisions made by the farmer, and external factors such as the price of milk or 

feed. The task of simulating an entire dairy farm can be made tractable by adopting an agent-

based model where a farm is decomposed into some notion of state and series of autonomous 

agents that react to that state via simple rules.  

 

Our model adopts individual cows as the primary Agents in the dairy farm.  Each cow in the 

model contains a state which reflects its physical characteristics at any given time in the 

simulation. This state may reflect weight, age, milk production, milk composition, day in the 

estrous cycle, etc. for any given time step of the simulation. Furthermore, each farm is modeled 

as having a number of policies which act upon the cows based on some criteria, such as culling a 

cow based on its age and breeding status, or attempting artificial insemination based on heat 

detection or a timed AI program. As the behavior of individual cows is difficult to model as a 

whole, we further decompose individual cows into a series of independently modeled biological 

processes (i.e., growth, health, milk production, reproduction). For example, a metabolic process 

in the model calculates changes to a cow's weight based upon a mathematical formula which 

considers feed intake and quality, milk production, and pregnancy status.  Likewise, a 
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reproductive process in the model tracks the estrous cycle, determines if a cow becomes pregnant 

when inseminated, models gestation, and determines the timing and characteristics of parturition. 

Complex behavior can begin to emerge within the system due to the whole being, in a sense, 

greater than the sum of its parts. Taking into account feedback from the rest of the system and 

stochasticity in certain processes, individual agents (cows) also show diverse and complex 

behavior. Changing agent attributes or processes within the model can be done easily through 

modifications to specific parameters or selection of alternative processes.  

 

Based on this model, a user-friendly platform is under development for users to evaluate 

scenarios of interest that represent specific farm conditions. The model has thus far been 

constructed exclusively using the Java software platform (Oracle Corporation, Redwood Shores, 

CA) and through Java and Scala programming language. Configuration parameters and 

simulation results are modeled and stored in the eXtensible Markup Language (XML). At the 

moment CDFM is capable of modeling on a daily basis the following processes at a basic level: 

feed intake, growth, reproduction, milk production, culling, and health events. Model validation 

for specific processes and agent (cow) behavior is conducted through comparison of modeled 

outcomes with well-described and known outcomes from commercial dairy farms and the 

literature.   

 

4.4 Specific methodology 

4.4.1 The ABM platform 

The core model of the simulation engine is based on ABM, or independent ‘agents’ that act 

autonomously for each simulation time step. An agent contains its own logic and state, and can 

perform state transitions based upon interactions with its environment at certain time steps. 

Agents operate at day-level time granularity, although the opportunity exists to fractionate this 
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approach should there be a biological reason to model shorter time increments. Individual 

animals are adopted as the primary agents within the dairy farm. 

 

An animal is composed of an internal state, such as weight or days in milk (DIM), that can be 

described and is tracked at any point in simulation time. Each animal also contains coded 

biological processes that are also independent agents performing their own simulation. In this 

manner, the animal’s internal state is inspected and altered by any other agent during the course 

of that agent’s simulation. These processes, therefore, become the general physiological 

categories of influence that are associated with accounting of an animal’s expenses or revenue on 

a daily and accumulated basis. The general schematic of the agent within a simulation and basic 

influent factors are characterized in Figure 4.1. These concepts are further detailed in section 5 of 

this chapter. 

 

4.4.2 Animal processes 

At present, there are six major biological processes initiated within CDFM: metabolic, feeding, 

lactation, mortality, health, and reproduction. While this list is not considered exhaustive, these 

six will represent the core of animal-based dairy economics. In addition, each process can have 

multiple alternative implementations. This allows the developer to test new avenues while 

keeping old process implementations and potentially allowing a user to choose among alternative 

process implementations of a similar type. These processes result in accumulations of cost and 

revenue generated while an animal remains at the dairy, registration of any cost or sale value 

upon the animal leaving the herd, and a value allocation for the approximate current worth of 

each animal still in the herd at the end of a simulation. Many of the equations driving these 

processes are considered a placeholder for initial validation of functionality. As modeling 

complexity proceeds, each mathematical sequence or prediction equation should be reevaluated 
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in its relationship to newly modeled parameters or newly published scientific relationships. 

Consequently, CDFM currently focuses on generality and broad industry acceptance of current 

process equations, with the proposition to increase focus on the strongest known mathematical 

relationships during modeling progression and stratification. All processes are to be mapped with 

sensitivity to time-dependent factors and individual animal history, such as age, parity, stage of 

lactation, and health or reproductive event history. 

 

The metabolic process is analogous to “growth” (weight gain or maintenance) at this time. While 

the gravid weight of a fetus is accounted for, body condition score patterns within lactation and 

after achievement of mature body weight are not in place at this time. Growth equations for pre 

and immediately post weaned calves were taken from tables 10-1 and 10-2 on pages 215-216 of 

(NRC, 2001) and are summarized. These require an input or assumptive defaults for the duration 

and quantities of feeding strategies for milk solids (only) and subsequently milk solids combined 

with grain starter dry matter consumption. These are assumed or input in weekly increments at 

this time. Growth equations for heifers, lactating cattle, and dry cows were taken from pages 

236, 319-320 of (NRC, 2001) with added adjustments from page 40 of (Fox et al., 2004) and 

page 180 of (Tylutki et al., 2008) and are represented by the following: 

 

SWG = [13.91 x (NEg
0.9116

) x EQSBW
-0.6837

 + ADGpreg] 

Where:  

SWG = shrunk weight gain (kg)  

NEg = net energy for gain (Mcal/kg) 

EQSBW = equivalent shrunk body weight (kg) 
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 EQSBW = (SBW x SRW) / MSBW 

SBW = shrunk body weight (kg) = 0.94 x BW 

BW = body weight (kg) 

SRW = standard reference weight (kg) 

MSBW = expected mature shrunk body weight (kg) = 0.94 x MBW 

MBW = expected mature body weight (kg) 

t = days pregnant 

if t<190 then:  

ADGpreg = 0 

if t≥190 then: 

ADGpreg = (CBW / 45) x 0.665 

CBW = expected calf birth weight (kg) 

An adjustment is then made for conceptus weight loss at parturition: 

CpW = [(CBW / 45) x (18 + (t - 190) x 0.665)] 

CpW = conceptus weight (kg) and is only calculated for t>190 (prior CpW = 0) 

The BW at any day of age then is represented as: 

[(BW(d-1) x 0.94 + SWGd) / 0.94] 

Where: 

d = current day in simulation time-step 
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Inputs or defaults required are mean and expected variance distribution of birth weight and 

mature body weight and NEg of rations from weaning to pregnancy onset, pregnancy onset to 

259 days of gestation, 260 days of gestation to first parturition, and for first lactation and beyond. 

Conceptus weight is subtracted at parturition while accounted for during pregnancy within 

simulation. 

 

The feeding process is analogous to “dry matter intake” (DMI). Prediction equations for heifers 

are found in pages 6, 7, 186, 325-326 of NRC 2001, dry cows on pages 186 and 325, and 

lactating cows on pages 4, 322, and 325 and are represented as: 

Heifers: 

If days pregnant (t) <210 then  

 

DMI = [((BW
0.75

) x (((0.2435 x NEm) - (0.0466 x NEm
2
)) – SubFact) / DivFact)) x TempFact x 

CCFact] 

 

Where: 

NEm = net energy of diet for maintenance (Mcal / kg) 

SubFact = adjustment for effects of age above or below 12 months 

DivFact = dietary concentration adjustment factor above or below 1 NEm 

TempFact = adjustments for effects of temperature 

CCFact = adjustment factor for coat condition  
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All equations are dependent on bodyweight per day in the simulation and thus inextricably linked 

to the metabolic process. Additionally, adjustments for pregnancy status, gestational length, and 

milk production on a fat corrected milk basis dependently connect the reproductive and lactation 

processes described below.  

If 210 ≤ t ≥ 259 then multiply the following adjustment by the initial equation: 

(1 + ((210 - t) x 0.0025)) 

If t > 259 then multiply the following adjustment by the initial equation: 

[((1.71 - 0.69 x e
(0.35 (t-280) )

)) / 100 x BW] 

Dry cows: 

[((1.97 - (0.75 x e
(0.16 X (t-280))

)) / 100) x BW] 

Lactating cows:  

[(((BW
0.75

) x 0.0968) + (0.372 x FCM) - 0.293) x (1-e
(-0.192 x (WOL + 3.67))

)] 

Where: 

FCM = fat-corrected milk 

FCM = 0.4 x milk (kg) + 15 x milkfat (%) 

WOL = week of lactation 

 

The lactation process is that by which a cow produces milk after recognition of parturition. The 

lactation process ceases at dry off. Milk production (kg) is predicted by DIM and parity 

following an input of rolling herd average as established by (Oltenacu et al., 1981) and modified 

by (Marsh et al., 1988): 

Milk (kg) = A (DIM)
b
 e

cDIM 
(DP + 1)

d
 eg

DP 

Where: 
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A = normally distributed random variate which scales the lactation curve to the herd average 

annual mature equivalent (ME) milk yield 

DIM = days in milk 

e = the base of natural logarithm 

b, c, d, g = constants that determine the shape of lactation curves  

 

Milk fat concentration (MF), milk true protein concentration (MP), and somatic cell count (SCC) 

are established by lookup values in data tables provided by raw data and stochastic distribution 

upon calculation of the mean and standard deviation by DIM.   

 

The mortality process is a sequence of binomially distributed daily probabilities which register 

natural or arbitrary causes leading to the death of an animal. Since the IR of mortality will be 

highly farm, causation, and culling approach dependent, this will always be linked to or replaced 

by the culling policy discussed in the next section. In tandem, they represent 100 percent of all 

animals exiting the herd, and can be mathematically verified accordingly. Basal daily mortality 

probabilities can inflate for an individual animal given the onset of disease events deleterious to 

the individual’s longevity; these events are accounted for in the health process.  

 

The health process is a sequence of binomially distributed daily probabilities which register 

event incidence. These events are listed in Chapter 1, section 3 and the data by which they are 

populated are summarized by Figures 2-13 in Chapter 3. To account for time sensitive 

accounting of effects both prior to and after an event occurrence (e.g., clinical ketosis), the 

simulation recognizes that an event is expected to occur for a defined period of time prior to the 
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event and then tracks the effect through a defined “washout” period following the event. In this 

thesis, the term “washout” will hereby refer to the temporal cessation of a concept or factor 

whose implemented effect is known (or suspected) to be time-dependent. These details are 

written into the animal’s state, which may then influence other processes within the animal. The 

effect of health disorder events on animal performance parameters prior to and after the event, 

and the influence on the occurrence of other events, depends upon the specific health disorder 

affecting the animal. The capability for one event occurrence to impact the probability 

distribution of another is in place. The most pertinent examples will be the effects of a disease on 

other processes such as milk production, reproduction, risk of another disease, or culling risk. 

The ABM approach yields an additional advantage of modeling these effects both precedent and 

subsequent to the registry of actual occurrence. At this time, these effects are modeled 

independently with hierarchical logic and washout definition to avoid large effect overestimation 

or duplication. 

 

The health and mortality processes are implemented through normal approximation of the 

probability density function for that day. Since this binomial approximation is for a single 

individual on a single day, each can be considered independent Bernoulli trials, the sum of these 

trials having resulted in the accumulated binomial distribution data. The binomial distribution is 

a special case of Poisson distribution (where there are only two possible outcomes of a trial) and 

the Bernoulli distribution is a special case of the binomial distribution, where n = 1 trials. These 

distributions are mapped by days of age for nulliparous animals or days in milk for lactating 

cows, by parity. They represent the IR of a given animal entering their particular state and day in 

simulation. This is the probability of an event occurring at a particular state, given the animal is 

about to exist in that state. An inflation, deflation, or interaction with daily or accumulated IR 

can easily be implemented by mathematical adjustment to the appropriate days within that time 

period. If a factor is known to have a reduction in IR over a 60-day risk period for example, then 
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the factor’s influence can be adjusted on a percentage basis and specified within that risk period. 

If this factor is known to be applicable to primiparous cows only as another condition, this 

should be specified. The only further consideration then would be whether this reduction is equal 

(normally distributed) across all 60 days or whether the distribution is skewed, which should also 

be specified. Taken as a whole, these features allow dynamic accounting for the binomial 

probability of an event occurrence, the temporal registration and accounting of its occurrence, 

and the duration of its effect. The permutations of economic simulation within these features 

should allow a user to explore many questions regarding potential disease reduction on 

performance, treatment efficacy, and health and disease sub-modeling. Figure 4.4 serves to 

illustrate this method and is discussed further in Chapter 4.5. 

 

The reproductive process is implemented in a similarly probabilistic fashion to others with a few 

stark differences. The process begins with binary recognition and assignment of the sex of the 

calf and is designed to encapsulate an animal’s entire reproductive cycle with variation in 

biological expression. Day of true estrus or insemination for timed AI programs and binary 

probability of conception leading to pregnancy, sustained until one or more pregnancy tests, is 

the core simulation. Animals become eligible for insemination after their VWP either through 

detection of estrus or after synchronization of ovulation. Pregnancy loss is considered as a 

background adjustment relative to the timing (post-insemination) and pregnancy testing 

technique. The pregnancy testing approach (e.g., rectal palpation, transrectal ultrasonography) is 

assumed constant or variable throughout the simulation (i.e., can use different testing methods at 

different time points) and the timing after insemination is entered as input. Collectively, this 

compartmentalized approach to reproductive processes yields potential for accounting for real-

time interactions between true estrus occurrence, estrus detection probability and timing of 

detection, synchronization techniques, insemination likelihood and timing, likelihood of 

conception, type and timing of pregnancy testing, and occurrence and timing of pregnancy loss. 
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While the model is currently implementing these daily probabilities within 21-day cycles 

following a VWP until animals become pregnant, leave the herd, or become no longer eligible 

for insemination, this is an example where a discrete time granularity of less than one day might 

be useful relative to processes describing true endocrinology and physiology.  

 

4.4.3 Farm policies 

Farm policies in the CDFM context are those by which any actions performed on a herd’s 

individuals are defined for a given dairy system. Some policies have been discussed previously 

because several animal processes are dependent on external policy inputs. Farm policies can be 

considered determinant of the status quo and trajectory of a dairy without change of these 

policies; they will chart the core pathways by which a simulation can take alternate routes 

leading to varying herd performance and economic results. Through animal processes, 

maintaining or changing existing farm policies at the onset of a simulation will be the heart of 

simulation purpose. It is here that most of the apparent functional features of the model will 

appear in the user interface (UI). At present, there are 5 farm policies in place. 

 

The calving policy determines what to do with live newborn calves. Bulls and opposite-sex twin 

pairs (bulls and freemartins) are assumed to be sold on day 1 of simulation, but bulls or steers 

could easily become an economic entity within the dairy if desired. Dairy sale options for birth to 

first parturition can be set within the calving and culling policies.  

 

The breeding policy determines when and how animals are inseminated and pregnancy testing is 

conducted. This policy is responsible for estrus detection and insemination practices and the 

method and timing of pregnancy testing after insemination.  
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The culling policy evaluates the animal’s condition internally relative to others in the herd and 

assigns an adjusted probability of culling, with recognition of the culling type (slaughter or dairy 

sale).  

 

The feed group policy assigns an animal’s ration given their current state. This is primarily for 

economic accounting, but the input flexibility of ingredient and ration assignments can also 

easily account for general inventory needs and annual usages. As a result, the ABM approach 

with feed group policy may also allow for modeling of cropping needs (such as acreage needed 

for a particular ingredient type) and partial budget economics (such as budgetary influence of 

ingredient or dietary selection) throughout a simulation.  

 

The lactation policy is responsible for collection of a cow’s milk and determination of whether it 

can be sold, used for calves only, or discarded. This policy becomes important in accounting for 

the impact of disease when the health process or subsequent treatment approach alter simulation 

economics. The lactation policy also defines when a cow should be dried off in preparation for 

the next lactation. Lastly, the lactation policy can be used to alter decisions based on the sale of 

milk from higher somatic cell count cows and the subsequent interplay between milk sale 

volume and quality premiums.  

 

4.4.4 Economics 

Present value of an animal is tracked through the metabolic process as a function of bodyweight 

and general classes of sale value at market. For tracking loss of equity given mortality of an 
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otherwise viable dairy animal, the greater of dairy sale value or slaughter value is earmarked as 

the present value until other policy or process criteria define a specific category. 

 

Feed valuations are allowed through multiple ingredient and composite ration creation, cost 

input, and period definition for assignment of each ration. Agents enter and exit the appropriate 

ration and its associated daily cost, as a multiplication function of daily DMI dictated within 

feeding process, throughout simulation. 

 

Milk revenue economics are currently based on the U.S. system of payment adjustments for kg 

of milk fat, milk true protein, other solids, as well as per hundredweight adjustments for SCC 

premiums and producer price differential (PPD).  

 

4.4.5 Simulation workflow 

The pre-simulation phase defines herd specific structure, management, and economic conditions, 

which are currently implemented as a constant throughout simulation. The user here chooses the 

starting herd definition, policies, processes, and ration assignments and valuations. The user must 

also specify the duration of simulation.  

 

The simulation engine relies on an algorithmic code that invokes daily increments of agent 

mobility that are confined by its processes and policies. A dataset is generated at the end of 

simulation which contains the state of every animal and a log of all activity. This dataset contains 

the synthesis of inventories and economics resulting from each day in the simulation.  

 



  143 

4.4.6 Reporting 

Upon completion of simulation, resulting datasets can be analyzed via the reporting of cow or 

herd “cards” that visualize and cluster simulation results. The option to review either provides 

the opportunity for a user to explore what has occurred within the simulation on an individual 

and herd level basis.  

 

Cow cards provide summaries identified by a unique animal identification number. The general 

information tab provides vital statistics of event occurrence over the animal’s life between the 

start and end of simulation. The nutrition tab graphs DMI as a function of each lifecycle phase 

that has occurred. The reproduction tab displays all insemination history of the animal, resultant 

pregnancies, abortions, and births, and the immediate fate of the offspring. The lactation tab 

summarizes production history of the animal by DIM and can be sorted by parity and subdivided 

for milk volume, milkfat concentration, milk protein concentration, and somatic cell count.  The 

economics tab indicates accumulations of expenses and income of the animal.  

 

Herd cards provide aggregated statistics of the entire herd as well as mean representative 

statistics of a typical individual per parity or subclass at the end of simulation. The general tab 

allows description of body weight by months of age along with percentile ranges. The nutrition 

tab aggregates numerical data pertaining to feed consumption over time, both by ration and per 

ingredient. The reproduction tab illustrates the percentage of non-pregnant cows in the lactating 

herd by DIM as well as the herd average DIM at the end of simulation. The lactation tab reviews 

total milk production over time or as plotted by DIM and parity. The economics tab summarizes 

cash flow, expenditures, assets, revenue, and partial net profits of any economics thus far 

accounted for in simulation finances.  
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4.5 Results and discussion 

4.5.1 Current state of CDFM 

The implementation stage of the above concepts, data type approach, stage of validation, and 

examples of future additions are summarized in Table 4.1 and conceptualized in Figure 4.2. 

Examples of reporting outputs for validating current simulation mechanisms are provided in 

Appendix D. Appendix D is the result of simulating 100 newborn calves over a 5 year time 

period. While CDFM does not yet have features representative of entire dairy economics, 

restricted simulations confined to existing modeled parameters can be utilized. Validation is 

currently allowed using cow and herd descriptive statistics at the end of simulation. Figure 4.3 

provides path analysis conceptualization of the modeled implementation of effects in CDFM. 

Using the risks associated with culling as an example, most external policy factors must first 

impact culling risk (exit) through health, production or growth, or reproduction. Then, if there is 

residual risk within the model that is not already explained with the indirect links to culling 

(through production or growth, health, or reproduction), the residual direct link can be assigned. 

The dotted line connecting facilities and management to exit risk directly represents this residual. 

The culling policy also defines mortality and general culling risk of the agent, thereby it may 

often directly influence herd exit risk independent of other animal processes. Economic 

conditions may in turn directly affect farm policies, though they will not often directly affect 

animal processes beyond the financial accounting for the outcome of those processes.  

 

Figure 4.4 illustrates the conceptual implementation of effect estimate on data values that are 

either populated in advance (e.g., daily incidence risk) or predicted (e.g., milk production, dry 

matter intake) by the model during simulation. An effect estimate will have a defined scale, time 

sensitivity, and washout period specific to an age group for a given day or period of days in 
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simulation. For daily hazards, once an influence is modeled for a subset of the population, 

adjustments for the split populations are established by: 

 

IRu = [IRa / (Pu + Pe x RR)]. 

AF = IRu / IRa 

IRBu = AF x IRa 

IRBe = (RR x IRBu) / IRa 

Where: 

IRu = incidence risk of the unexposed population  

IRa = incidence risk of the entire population before the factor is considered 

Pu = proportion of the population not exposed to the factor 

Pe = proportion of the population exposed to the factor 

RR = relative risk associated with the factor 

AF = adjustment factor coefficient (%) for the remaining population without the factor 

IRBu = adjusted basal risk for those without the factor 

IRBe = adjusted basal risk for those with the factor  

 

For numerical factors such as milk production or somatic cell count, effect adjustments will work 

similarly with relative scale, skewed or normal effect distribution, and washout periods 

considered. These effects will generally be embedded in the prediction equation or table values 

that populate these numerical values.  



  146 

 

4.5.2 Meta-herd analysis 

While intra-herd factors affecting intra-animal processes should continue to be the nucleus of 

ABM development, the platform also allows for aggregate population simulation. This could be 

viewed as multi-herd economic simulation at the global, national, or regional level, with animal 

processes, herd policies, and economics associated with that region as parameter inputs using 

appropriate ranges or stochasticity across the population. Using separate simulations, regional 

economic changes or financial viability comparisons could then be used to guide future 

economic policy or herd-based recommendations. Regional food supply demands or economics 

can be evaluated in this manner. Pathogenic or environmental threats to population health or 

survivability could be explored efficiently. Industry trends on general milk production, 

reproductive efficiency, or disease mitigation strategies could be evaluated in the context of their 

multifactorial impact. These examples are provided as a partial list of broader applicability of the 

ABM approach that has been initiated. 

 

4.6 Roadmap for further model construction 

At this juncture, a highly organized prioritization is needed to ensure efficient model 

development, maximum precision, minimized complexity or redundancy, and minimal 

overlapping of parameters.  

 

Two primary approaches to validation should be considered for further parameter additions. The 

first is a decision of which financial accumulations should be used to gauge the expected impact 

of a newly modeled parameter. These should be a simple few, but organizing them into 

component financial categories such as production, disease, or reproduction will help to specify 
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whether the modeled influence on each category was appropriate prior to their accumulation. The 

second is an objective measure, such as residual mean squared error, that will suggest each 

addition has impacted each agent’s processes in an appropriate and meaningful manner that 

reduced the overall error of the model without undue overlap. An imminent example of this will 

be implementation of relative risk factors (e.g., disease, environment, production) and their 

influence on the probability or timing of a cull. Each additional component should explain an 

expected percentage of all culling, with 100% of dairy sales, 100% of slaughtered animals, and 

100% of mortalities being the starting point of explanation. In the end, a portion of this will be 

left unexplained as error or random chance. With each added factor that increases the risk of a 

cull, the basal daily probabilities of individuals without that factor should then be suppressed 

with a time-sensitive adjustment. This concept should be incorporated for all numerical and 

probabilistic effects in the model and is visualized in Figure 4.4. In this manner, explanatory 

variables can be kept in congruence with research or field generated data throughout 

construction. 

 

Current simulation results will be highly subject to simulated herd size until and unless a 

stochastic simulation approach (e.g., Monte Carlo simulation) to create repetitive iterations is 

implemented. Given stochastic parameter inputs, large simulation herd size will approach a 

similar output azimuth as stochastic repetition of smaller herd simulation. In either case, 

stochastic simulation will assist in validating the compounding impact of these influences. As 

more parameters are developed, particularly those stochastic in nature, this will become an 

increasingly important consideration. In the meantime and throughout development, automated 

and manual validation or testing of features are enhanced through the enabling or disabling of 

policies, processes, or stochastic influence.  
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Upon development of the aforementioned properties, CDFM simulation can then be utilized to 

validate itself upon incorporation of dynamic processes. If a compound effect is desired, rather 

than hierarchical overriding of one factor over another, simulation transparency will be critical 

for verification. This will become apparent in disease associations where the onset of one 

disorder elevates the risk of another and in tandem their effect on production, reproduction, or 

survivability is greater than either one in singularity. The following caveats to this must be 

considered: 

 

Our survey data helped to support that on-farm disease record entry is often diligent, a close 

approximation to the actual number of animals treated by primary disease, and relatively 

consistent over time within a dairy. However, there were many dairies less diligent in diagnosis 

or entry of a secondary disease if an animal was already recorded and treated for another. 

Additionally, disease definition across dairies was as diverse as expected. Although definitional 

criteria were thoroughly considered before populating the model statistics, the approximation of 

disease incidence provided by dairy records will have a certain but non-uniform difference from 

true incidence. There are then a few chosen paths suggested for proceeding: 

1) Establish all incidence rates and effect estimates from controlled research publications. 

Allow user estimated adjustments to true incidence rates for each dairy at the onset of 

simulation or an objective herd evaluation of each dairy’s prevalence or incidence rate of 

disease. This is likely the most scientifically appropriate approach but also the most user 

intensive, and subject to snapshot inaccuracies. It is also difficult to find organized 

literature for each disease effect in the context of interactions or dependencies with other 

modeled parameters. 

2) Continue to use subjective farm-reported disease effects compared to within farm records 

associations. Validate that nesting these effects within farm as a random variable and 
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within their respective definition of disease reasonably controls for most disease 

definitions and allows for external model validity. While this technique should continue 

to yield conservative effect estimates as a result of these confounders, it would be useful 

to replicate the data analysis outside of the initial 55 herds to uphold broader application 

or perhaps narrow confidence intervals of those principles that are upheld.  

3) Compare an estimate of sensitivity and specificity of a farm’s disease detection, 

definition, and recording practices to the gold standard of detecting true incidence for 

each disease. An adjustment could then be made to align current producer-recorded 

incidence rates with definitions closer to those by which effects were established. 

 

Some concepts with significant effects will impact many individual dairies similarly but are 

regionally or temporally dependent. As CDFM continues to be developed, efforts should be 

made to evaluate the potential effect of this dependence on each new input. This is with 

increasing importance as model inference becomes further out in time or of a further distance 

from the northeastern United States dairy climate and practices. An example of this, from our 

research conducted on 5 of the 55 study herds, is the effect of THI on the incidence of health 

disorders included in Appendix B. We expect the accurate implementation of these concepts to 

be more critical and of greater influence closer to the equator. 

 

Future focus should include consideration of user friendliness to promote broader adoption. This 

will primarily be achieved through user interface development. A suggested method to improve 

ease of inputs is to enable direct extraction of current farm records. This would enable immediate 

establishment of current herd demographics and recognition of epidemiological and production 
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patterns as well as recognition of missing parameter information that will need to be defined by 

the user. Default values or guidance ranges for inputs should be available throughout.  

 

Lastly, the utility of this modeling approach should be viewed as both a descriptor of currently 

known financial principles as well as an exploratory method for those principles which are 

uncertain or situationally dependent. Threshold relationships and interconnectivities can be 

investigated to determine the most pertinent factors to financial impact. Thus, decision processes 

or research focus may become more clearly prioritized. 

 

4.7 Conclusions 

The Cornell Dairy Farm Model is thus presented as an ABM modeling platform with currently 

limited functionality but more strength and resolute promise than ever. Past and present efforts 

have not indicated any insurmountable hurdles. To the contrary, ABM simulation development 

and its conceptualization tend to advance logically with further elucidation at each necessary step 

in the process. This is not to spite the upcoming complexity of future efforts, but it is to say that 

the road forward is clear, and a “finished” product is clearly possible. 

 

We conclude with the enthusiasm that, despite the required, detailed layering of subsystems 

modeling for ABM simulation of a dairy farm, the project is at a turning point in efficiency. 

Utilization of the current platform and its validated mechanisms to begin accounting for whole-

farm realism and economics will begin to create a synergistic effect in modeling efforts. In turn, 

this could place one of the broadest and most realistic dairy farm models ever made available at 

the hands of our dairy community. 
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Table 4.1 Summary of model subsections used in an agent-based model of a dairy farm. 

Parameter Initiated Constructed Validated  

Animal processes    
Metabolic Y Y Y 

Feeding Y Y Y 

Lactation Y Y Y 

Mortality Y Y Y 

Health Y Y Y 

Reproduction Y Y N 

Genetics 

Farm Policies 

N N N 

Breeding Y Y N 

Calving Y Y N 

Culling Y Y N 

Feed grouping Y Y N 

Lactation Y N N 

Facilities N N N 

Management Y N N 

Economics    

Sale valuation Y Y Y 

Feed valuation Y Y N 

Milk valuation Y Y Y 

Treatment by disease Y Y N 

Labor, vaccination, other N N N 

Reporting    

Cow card Y Y Y 

Herd card Y Y Y 
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Figure 4.1: Depiction of general dairy herd Agent-based modeling workflow during simulation. 

 
Figure 4.2: Cornell Dairy Farm Model structural overview. MGT = management. 
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Figure 4.3: Path analysis examples of effect linkages and overlap within CDFM. Solid lines represent direct 

numerical effect linkages, dashed lines represent a secondary effect linkage, and the dotted line represents residual 

direct effect for the portion of effect not yet accounted for through secondary linkages. MGT = management, ttmt = 

treatment. 

 

 Figure 4.4: Conceptualization of effect adjustment implementation within CDFM using daily hazards 

and risk ratio adjustments for culling as an example. RR = relative risk. 
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APPENDIX A: SURVEY OF RECORD KEEPING, FACILITY CHARACTERISTICS, 

AND MANAGEMENT PRACTICES ADMINISTERED TO 55 NEW YORK STATE 

DAIRIES IN 2014 

Questionnaire for DC305 Records Interpretation 

Field Summary of the Life History of the Cow through DC305 Records: Ben Scott (MS Student) 

and Dr. Julio Giordano in collaboration with Dr. Paula Ospina  

Cornell University Dept. of Animal Science, Dairy Cattle Biology and Management Lab, 2013 

SECTION 1:  Farm & People: 

Farm name:___________________________________________________________________  

 Address:_____________________________________________________________ 

 Dairy phone(s):________________________________________________________ 

 Dairy email:__________________________________________________________ 

Owner / Manager:  

Farm owner/manager name :_______________________________________________________ 

Phone(1) :________________________________ 

Phone(2) :________________________________ 

Email:______________________________________________________________________ 

 

Primary person who will communicate with study personnel (Leave blank if owner/manager):  

Name:____________________________________________________________     

Role/Position______________________________________________________ 

Phone 1:__________________________________________________________ 

Phone 2:__________________________________________________________ 

Email:____________________________________________________________ 

 

Other key people who may communicate with study personnel (Leave blank if none): 
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Name___________________________________________________________Job:__________________ 

Phone____________________________Email:_______________________________________________ 

  

Name___________________________________________________________Job:__________________ 

Phone____________________________Email:_______________________________________________ 

Veterinarian: 

Name:__________________________________________________________________     

Practice____________________________________________________________________ 

Office / Home Phone:__________________________________________________________ 

Cell Phone:__________________________________________________________________ 

Email:______________________________________________________________________ 

We do not expect to have to, but may we contact your veterinarian if we need clarification of questions 

relating to records and treatment of the herd? Yes/No 

General Comment: For the following questions, try to capture the best representation of what the 

animals at your farm experience. For example, if multiple stall dimensions exist, please list the weighted 

average or the predominant stall dimension. If there are major differences, note these with a comment. 

SECTION 2:  General Herd Management Information 

Are all calves and heifers born and raised on the farm? If not, please 

explain____________________________________________________________________ 

What milking frequency do the cows have in a day (2x, 3x,etc.)? If different for some groups, please 

explain____________________________________________________________________ 

Have milking frequencies changed in past two years (if so, 

how?)____________________________________ 

Are you using bST on lactating 

cows?__________________________________________________________ 

If you are using bST, when does bST use start ?_________________ 

If you are using bST, approximately what percentage of eligible cows are receiving 

bST?_________________ 

If not 100%, what is your criteria for bST enrollment?__________________________________ 

Has bST use changed in the past two years (if so, how?)______________________________ 
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Do you have SOP’s for any aspect of herd management, and can we obtain those for our records? 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

What herd growth status would you consider the dairy to be in? 

☐  Growth 

 ☐ aggressive/rapid 

 ☐ moderate 

 ☐ slow 

☐  Decline/decreasing 

☐  Stable/neutral 

Is this the growth mode that the dairy would like to be in? Please explain: 

____________________________________________________________________________ 

 

For voluntary culls, how would you describe culling decisions? 

☐   Aggressive (a cow with your defined reason for culling is almost always culled) 

☐   Moderate  

☐   Forgiving (many cows get several chances to stay in herd) 

 

Do you have an SOP for voluntary culls? Yes/No  

If yes, please check all that apply and if checked, provide an explanation: 

☐   Repro cutpoints: ________________________________________________________________ 

☐   Production cutpoints: ______________________________________________________________ 

☐   Health event cutpoints: _____________________________________________________________ 

☐   Other (please explain): 

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

We will be looking closely at CAR codes for culling and exit reasons and definitions. Are reasons for 

culling always entered upon the animal exiting the herd? Explain if needed 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

In your opinion, are CAR code entries standardized across all employees entering, and are the entries 

precise? For example, a lame cow that exits for low production could be assigned to different CAR 

codes, we’d like to know more about how that is handled, in general: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

Are all cattle on your dairy Holsteins? Yes/No 

If Yes, please move on to section 3. If no, please answer the following: 

What other breeds are present in your herd?          

What approximate percentage of your herd would be non-holstein?                            

Is there any way of distinguishing the non-holstein animals in your records (id, breed, etc.)? 

             

              

SECTION 3:  Health Event Records: Definitions, treatment, and protocols 

The following section will try to establish the differences among recorded events across all study herds. 

Please remember that there are no right answers, but it is critical that we have accurate answers before 

analyzing the records accordingly! 

How long after calving are fresh cows more closely monitored than the rest of the herd for health and 

treatment purposes? 

_____________________________________________________________________________ 

How often are fresh cows monitored for disease (times per day)? 

_____________________________________________________________________________ 

How often are pre-fresh cows monitored for calving activity (times per day)? 

_____________________________________________________________________________ 
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Are there any preventive/prophylactic medical treatments administered to every fresh cow? (Examples 

include calcium solution or boluses, drench, or routine glycol administration). Yes/No 

If Yes, please explain: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

If yes, but not administered to every fresh cow, please explain: 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

KETOSIS 

Does your farm record ketosis? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define Ketosis?          

             

             

What % of diagnosed ketosis cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record ketosis?  Yes/No  

Please explain:_________________________________________________________________________ 

What is used to diagnose Ketosis (Check all that apply)? 

☐ Ketostix 

☐ Precision Xtra 

☐ KetoTest 

☐ Off-feed 

☐ Smell 

☐ Loss of body condition 

☐ Drop in milk 

☐ Other: Please explain:___________________________________________________________ 
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Comments:                                                                                                  

Once diagnosed, what is the most common action taken (check all that apply and add as much detail in 

explanation as needed): 

    AMOUNT FREQUENCY  DURATION 

☐ Dextrose  

☐ Propylene glycol 

☐ Drench solution 

Other: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

RETAINED PLACENTA 

Does your farm record retained placentas (RPs)? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define retained placentas?         

             

              

What % of diagnosed RP cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record RPs?  Yes/No  

Please explain:_________________________________________________________________________  

How are RPs diagnosed (Check all that apply)? 

☐ Timeline of passing fetal membrane after calving of ____(?) hours (please enter your cutoff) 

☐ Visual  

☐ Odor  

☐ Other: Please explain:___________________________________________________________ 

Comments:                                                                                                  

Once diagnosed, what is the most common action taken (check all that apply and add as much detail in 

explanation as needed): 
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    AMOUNT FREQUENCY  DURATION 

☐ Calcium bolus 

☐ Calcium solution 

☐ Antibiotics 

Other: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

DISPLACED ABOMASUM 

Does your farm record displaced abomasums (DAs)? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define DAs?          

             

             

What % of diagnosed DA cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record DAs?  Yes/No  

Please explain:_________________________________________________________________________  

What is used to diagnose a DA (Check all that apply)? 

☐ “ping” with ears  

☐ “ping” with stethoscope assistance 

☐ vet-diagnosis  

☐ Off-feed 

☐ Other: Please explain:___________________________________________________________ 

Comments:                                                                                                  

Once diagnosed, what is the most common action taken (check all that apply and add as much detail in 

explanation as needed): 
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    AMOUNT FREQUENCY  DURATION 

☐ toggle  

☐ surgery 

☐ drench solution 

Other: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

METRITIS 

Does your farm record metritis? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define metritis?          

             

             

What % of diagnosed metritis cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record metritis?  Yes/No  

Please explain: ________________________________________________________________________ 

What is used to diagnose metritis (Check all that apply)? 

☐ Temperature (please list your temp cutpoint ________) 

☐ Discharge (visual) 

☐ Odor 

☐ Other: Please explain:___________________________________________________________ 

Comments:                                                                                                  

Once diagnosed, what is the most common action taken (check all that apply and add as much detail in 

explanation as needed): 

     AMOUNT FREQUENCY  DURATION 

☐ Antibiotic (name_________) 
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☐ Lut 

☐ Antipyretic 

☐ Anti-inflammatory (e.g. Banamine) 

Other: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

MILK FEVER 

Does your farm record milk fever? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define milk fever?          

             

             

What % of diagnosed milk fever cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record milk fever?  Yes/No  

Please explain:_________________________________________________________________________ 

What is used to diagnose milk fever (Check all that apply)? 

☐ “down cow”- weakness, wobbly, etc. 

☐ Visual Observation (droopy, cold ears, etc.) 

☐ Other: Please explain:___________________________________________________________ 

Comments:                                                                                                  

Once diagnosed, what is the most common action taken (check all that apply and add as much detail in 

explanation as needed): 

    AMOUNT FREQUENCY  DURATION 

☐ Calcium bolus 

☐ Calcium solution 
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☐ CMPK solution 

Other: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

MASTITIS 

Does your farm record clinical mastitis? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define clinical mastitis?         

             

              

What % of diagnosed clinical mastitis cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record clinical mastitis?  Yes/No  

Please explain:_________________________________________________________________________ 

What is used to diagnose clinical mastitis (Check all that apply)? 

☐ CMT 

☐ Flakes or clots in parlor- visual milk quality 

☐ Redness, swelling, or pain 

☐ Test-day results (linear score or somatic cell count) 

☐ Other: Please explain:___________________________________________________________ 

Comments:                                                                                                  

Once diagnosed, what is the most common action taken (check all that apply and add as much detail in 

explanation as needed): 

    AMOUNT FREQUENCY  DURATION 

☐ Antibiotic treatment 

☐ Strip quarter 
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☐ “quarter milker” 

Other: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

Do you culture milk samples? Yes/No 

If yes, please indicate where the cultures are completed (check all that apply): 

☐ Vet clinic laboratory 

☐ QMPS 

☐ On-farm 

☐ Other laboratory 

 

Do you enter cultured results in DC305? Yes/No 

 

INDIGESTION (adults) 

Does your farm record indigestions? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define indigestions (check all that apply)?  

☐ Loose manure 

☐ Off-feed 

☐ Other (please explain) 

             

             

         

What % of diagnosed indigestion cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record indigestions?  Yes/No  
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Please explain:_________________________________________________________________________ 

General Comments:                                                                                                

 ______________________________________________________________________________ 

Once diagnosed, what is the most common action taken? 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

DIARRHEA (adults) 

Does your farm record diarrhea? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define diarrhea?  

☐ Loose manure 

☐ Off-feed 

☐ Other (please explain)- include cutoffs for severity and duration of loose manure 

             

             

         

What % of diagnosed diarrhea cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record diarrhea?  Yes/No  

Please explain:_________________________________________________________________________ 

General Comments:                                                                                                

 ______________________________________________________________________________ 

Once diagnosed, what is the most common action taken? 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 
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SCOURS/DIARRHEA (calves and heifers) 

Does your farm record scours or diarrhea for calves/heifers? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define either of the two?         

             

              

What % of diagnosed cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record these?  Yes/No  

Please explain:_________________________________________________________________________ 

General Comments:                                                                                                

 ______________________________________________________________________________ 

Once diagnosed, what is the most common action taken? 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

LAMENESS 

Does your farm record lameness? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define lameness (check all that apply)? 

☐ Noticeable difference in locomotion on affected hoof/leg 

☐ Locomotion scoring 

☐ Observation of hoof condition (wart, heel erosion, ulcer, etc.) 

☐ Any trim event 

☐ Any non-maintenance trim event (hoof trimmer diagnoses during maintenance trims) 

☐ Other (please explain)          
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What % of diagnosed lameness cases are entered in DC305? ______ 

Are lameness events consistently categorized by type of lameness (sole ulcer, white line disease, hairy 

heel warts, etc.)? 

_______________________________________________________________________ 

Besides DC305, is there any other software used to diagnose or record lameness?  Yes/No  

Please explain:_________________________________________________________________________ 

General Comments:                                                                                                

 ______________________________________________________________________________ 

Once diagnosed, what is the most common action taken? 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

Do you perform corrective/maintenance trimming? Yes/No 

If yes, when? (check all that apply)  

☐ Stage of Lactation ________________________________ 

☐ Stage of Gestation _______________________________ 

☐ Pen Move ______________________________________ 

☐ Other (Please explain) ____________________________ 

 

PNEUMONIA (adults) 

Does your farm record pneumonia in adult cattle? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define pneumonia (check all that apply)? 

☐ Coughing 

☐ Other (please explain) 
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What % of diagnosed pneumonia cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record pneumonia?  Yes/No  

Please explain:_________________________________________________________________________ 

General Comments:                                                                                                

 ______________________________________________________________________________ 

Once diagnosed, what is the most common action taken? 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

PNEUMONIA (calves and heifers) 

Does your farm record pneumonia in calves and heifers? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define pneumonia for calves/heifers?       

             

              

What % of diagnosed pneumonia cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record pneumonia?  Yes/No  

Please explain:_________________________________________________________________________ 

General Comments:                                                                                                

 ______________________________________________________________________________ 

Once diagnosed, what is the most common action taken? 

☐ Antibiotics 

☐ Antipyretic 

☐ Anti-inflammatory 
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☐ Other (please explain) 

_____________________________________________________________________________________

_____________________________________________________________________________________

_________________________________________________________________________ 

 

JOHNES 

Does your farm record Johnes? Yes/No 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define Johnes?          

             

             

What is your farm’s protocol for diagnosing Johnes?  

☐ Extremely loose manure 

☐ Abrupt decline of production and health 

☐ Fecal sampling 

☐ Other (please explain) 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

What % of diagnosed Johnes cases are entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record Johnes?  Yes/No  

Please explain:_________________________________________________________________________ 

General Comments:                                                                                                

 ______________________________________________________________________________ 

Once diagnosed, what is the most common action taken? 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

CALVING EASE  
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Does your farm record dystocia or difficult calvings, either as an event or as an entered item? Yes/No; 

EVENT/ITEM (circle one or both if you answered yes) 

If no, please move to next health event. If yes, please answer the following: 

How does your farm define dystocia, or assign calving ease?       

             

             

   

What % of the time is a diagnosis of dystocia or a number on calving ease entered in DC305? ______ 

Besides DC305, is there any other software used to diagnose or record dystocia?  Yes/No  

Please explain:_________________________________________________________________________ 

What is the farm’s protocol for assisting the calving process? 

_______________________________________________________________________________ 

General Comments:                                                                                                

 ______________________________________________________________________________ 

Once a difficult calving is diagnosed, what is the most common action 

taken?_______________________________________________________________________________

_____________________________________________________________________________________ 

 

SECTION 4:  Facilities 

The following section will try to establish the basic environmental factors surrounding the different 

groups of cattle. Try to use a rolling average of what an animal experienced in the past year or two to 

capture what they were going through during records collection. 

Has any substantial facility or housing change occurred in the past two years? If yes, please 

explain_______________________________________________________________________ 

Is any substantial facility or housing change expected to occur in the next 18 months? If yes, please 

explain________________________________________________________________________ 

Approximately how many hours per day are most lactating cows away from their pen for: 

     Parlor ______ 

     Holding Area ______ 

     Treatment ______ 

  Palpation Rail______ 
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  Sorting______  

     Other ______ 

Approximately how many inches of bunk space per head are accessible to each of the following groups? 

Lactating Cows: __________ 

Fresh Cows: __________ 

Prefresh (closeup)  Dry Cows: ________ 

Faroff (or 1 group) Dry Cows: ________ 

Pregnant/Springing Heifers (approx. 20 mos): ________ 

Bred Heifers (approx. 15 mos): ________ 

Pre-breeding Heifers (approx. 10 mos) : ________ 

 

Is this representative of what these groups experience typically for bunk space? Yes/No 

Please Explain: 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

What type of housing is typical in each of the following age groups? 

 6 Row Freestall 4 Row Freestall Bedded Pack Other (Pls explain) 

Lactating Cows     

Fresh Cows     

Prefresh Dry     

Faroff Dry     

Preg/Spring hfrs     

Bred Heifers     

Pre-bred Heifers     

 

What is the stocking density for the following groups (no. animals divided by no. of stalls in their pen) 
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Lactating Cows: __________ 

Fresh Cows: __________ 

Prefresh (closeup)  Dry Cows: ________ 

Faroff (or 1 group) Dry Cows: ________ 

Pregnant/Springing Heifers (approx. 20 mos): ________ 

Bred Heifers (approx. 15 mos): ________ 

Pre-breeding Heifers (approx. 10 mos) : ________ 

 

Approximately how much bedding (inches of depth) is typically in stalls for each group? For deep beds 

just note that fact (DB). 

 

Lactating Cows: __________ 

Fresh Cows: __________ 

Prefresh (closeup)  Dry Cows: ________ 

Faroff (or 1 group) Dry Cows: ________ 

Pregnant/Springing Heifers: ________ 

Bred Heifers: ________ 

Pre-breeding Heifers: ________ 

 

What type of bedding is typically in stalls for each group (sand, straw, sawdust, paper byproduct, straw 

pack, etc.)? 

 

Lactating Cows: __________ 

Fresh Cows: __________ 

Prefresh (closeup)  Dry Cows: ________ 
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Faroff (or 1 group) Dry Cows: ________ 

Pregnant/Springing Heifers: ________ 

Bred Heifers: ________ 

Pre-breeding Heifers: ________ 

What is the frequency of addition of new bedding to the stalls?__________________________ 

What are the following dimensions (inches) in each group’s average stall (BRL=body resting length- 

taken from brisket locator, front mound of bedding in stall, or point in stall bed directly under neckrail; 

TSL=total stall length- taken from middle of head-to-heads or any wall/hardware that blocks forward 

lying/lunge space on side walls; Neckrail height to be taken from bottom of neckrail to top of bedding 

vertically; stall width to be measured on loop centers): 

     BRL TSL neckrail height stall width 

 

 

 

 

 

 

Please insert line breaks in the following partial timelines to represent pen moves or grouping changes. 

Please note a timing component to the change (for example 60 days before calving for dry pen move, or 

moved when checked pregnant). Data entry will include: 

-# moves from weaning to 30 days before calving 

-# moves <30 days and <10 days from calving for all pregnant animals 

-# moves <60 DIM for all lactating animals 

-# moves during the lactation (>60 dim) 

[so please capture the essence of these moves somehow] 

Lactating Cows     

Fresh Cows      

Prefresh (closeup) Dry Cows     

Faroff (or 1 group) Dry Cows     
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How many times in a day is feed delivered to the following groups? 

 

Prefresh (Closeup) dry cows: __________ 

Faroff (or 1 group) dry cows: __________ 

Fresh cows: ________ 

Lactating cows: ________ 

Pre-breeding heifers: ________ 

Bred heifers: ________ 

Pregnant/springing heifers: ________ 

 

How many times in a day is feed pushed up to the following groups? 

 

Prefresh (Closeup) dry cows: __________ 

Faroff (or 1 group) dry cows: __________ 

Fresh cows: ________ 

Lactating cows: ________ 

Birth 

First Calving 

Calving 

Dry Off 

Calving 
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Pre-breeding heifers: ________ 

Bred heifers: ________ 

Pregnant/springing heifers: ________ 

What heat abatement strategies do your facilities have? 

☐ Natural ventilation 

☐ Fans 

☐ Cross ventilation 

☐ Sprinklers 

☐ Holding Area 

 ☐ Fans 

 ☐ Sprinklers 

☐ Other (please explain)  

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

SECTION 5:  Pre and post-weaned calves 

The following section will try to establish the basic factors affecting the calf’s first 3 months of life. 

How are calves on milk housed? 

☐ Hutches (individual) 

☐ Superhutches (how many calves per hutch)?________ 

☐ Individual pens 

☐ Group housing (How many per group)?_________ 

 

How quickly do the majority of newborns receive colostrum? ______________ 

What quantity (qts) of colostrum is delivered in this first dose? _________________ 
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What quantity (qts) of colostrum is delivered in the first 24 hours of life? ___________ 

Do you use colostrum or colostrum replacer (Circle one)? 

 

When (days of age) do calves get fully weaned from milk? ________ 

 

Is the day of complete weaning abrupt or stepdown process in milk offering?________ 

 If stepdown, how many days before weaning do you start? _______ 

   How much milk is reduced? ________ 

 

Which source of milk do you use? 

☐ Milk replacer 

 What percentage are the solids in the milk replacer blend?____________ 

☐ pasteurized whole milk 

☐ unpasteurized whole milk 

☐ waste milk 

☐ marketable milk 

☐ acidified milk 

How many quarts of milk or milk replacer are offered and consumed for the majority of the milk feeding 

phase? ______________ 

 

How many feedings is this volume consumed in? 

☐ free choice 

☐ twice daily 

☐ three times daily 

☐ Other: Please explain_____________________________________________________________ 
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What does the immediate post-wean heifer ration consist of? 

_____________________________________________________________________________________ 

At what age do post-wean calves first get introduced to fermented feeds? 

 

SECTION 6:  Labor 

The following section will try to establish the labor aspects associated with different farm and animal 

characteristics and outcomes. 

How many employees, including family members, are involved in the following activities: 

1. Milking 

a. Full-time: _____________# hrs worked avg week: ______ 

b. Part-time: ____________# hrs worked avg week: ______ 

2. Cow management- non-fresh cow herd health, repro, etc. 

a. Full-time: _____________# hrs worked avg week: ______ 

b. Part-time: ____________# hrs worked avg week: ______ 

3. Fresh cows (30 days pre and post calving) 

a. Full-time: _____________# hrs worked avg week: ______ 

b. Part-time: ____________# hrs worked avg week: ______ 

4. Calves 

a. Full-time: _____________# hrs worked avg week: ______ 

b. Part-time: ____________# hrs worked avg week: ______ 

5. Replacement heifers (from weaning to prefresh) 

a. Full-time: _____________# hrs worked avg week: ______ 

b. Part-time: ____________# hrs worked avg week: ______ 

How often do employees receive training on calving management? ______________________ 

When was the last time employees received training on calving management? _______________ 

Who is responsible for training employees on calving management? (check all that apply) 

☐ Veterinarian 

☐ Herd consultant 

☐ Pharmaceutical company representative 

☐ Owner 
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☐ Manager 

☐ Herdsman 

☐ Other: Please explain_____________________________________________________________ 

 

How many years of experience does the person in charge of calvings have in this position? _________ 

How often do employees receive training on diagnosis and treatment of disease? 

______________________ 

When was the last time employees received training on diagnosis and treatment of disease? 

_______________ 

Who is responsible for training employees on diagnosis and treatment of disease? (check all that apply) 

☐ Veterinarian 

☐ Herd consultant 

☐ Pharmaceutical company representative 

☐ Owner 

☐ Manager 

☐ Herdsman 

☐ Other: Please explain_____________________________________________________________ 

How many years of experience does the person in charge of disease treatment and diagnosis training 

have in this position? _________ 

How many employees were fired, left the job, or retired from your operation in the past year? ______ 

SECTION 8:  Reproduction 

The following section will try to establish the key characteristics of your reproductive program’s 

management. 

ADULT COWS 

What is your current Voluntary Waiting Period (VWP)? _______ 

Has this changed in the past 18 months? ________ 
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Are there any exceptions to this VWP? Yes/No  

If Yes, please explain: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

What reproductive strategy do you use for first service? 

 

☐ 100% after detection of estrus 

☐ 100% Timed Artificial Insemination (TAI) 

☐  combination of detection of estrus and TAI  

 

If you use synchronization of estrus and/or ovulation, what reproductive program do you use for 1st 

service? (Check all that apply) 

☐ Ovsynch 

☐ Presynch-Ovsynch-14 

☐ Presynch-Ovsynch-12 

☐ Presynch-Ovsynch-11 

☐ Presynch-Ovsynch-10 

☐ Double-Ovsynch 

☐ G-6-G 

☐ Cosynch (hours from PGF to TAI____) 

☐ Other 

  

If other, please explain: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

What reproductive program do you use for 2nd and subsequent services? (Check all that apply) 

☐ Ovsynch (Resynch) Initiated ____DSLH (days since last breeding/heat) 

☐ Double-Ovsynch 

☐ G-6-G 

☐ PGF or Ovsynch based on ovarian information 

☐  Other 

 

If other, please explain: 

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________ 

How is non-pregnancy diagnosis performed?   

 

☐ Rectal palpation 

☐ Transrectal ultrasound 

☐ Blood testing 

☐ Milk testing 

☐  Other 

How often is non-pregnancy diagnosis performed?   

 

☐weekly    ☐ biweekly    ☐ monthly   ☐ other  

 

When is non-pregnancy diagnosis performed after insemination?  

 

Days ________ 

 

Do you resynch before preg checking? Yes/No 

 

For any heat breedings noted above, what aids do you use in assisting heat detection? 

☐ Tail chalk 

☐ Kamar 

☐ Pedometers (electronic) 

☐ Neck Collars (electronic) 

☐ Visual (observed standing heats or other behavior) 

☐ Other (Please explain) __________________________________________________________ 

 

Who performs AI breedings? 

 

☐  In house 

☐  AI company  

☐  Other  

 

Who records breedings at your dairy?  

☐ On-farm staff 

☐ AI technicians 
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☐ Other (please explain) 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

Are bulls used? Yes/No When are cows moved to the bull pen? ________________ 

 

Do you have a protocol for DNB (Do not breed) decisions? Yes/No If Yes, please explain: 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

REPLACEMENTS 

What is your current VWP for heifers, or the criteria for considering them eligible for first breeding? 

_________________________________________________________________________________ 

First breeding eligibility is determined by: 

☐age    ☐ weight ☐ height ☐ other ___________________________________________ 

 

Has this changed in the past 18 months? ________ 

Are there any exceptions to this VWP? Yes/No  

If Yes, please explain: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

What reproductive strategy do you use for first service? 

 

☐ 100% after detection of estrus 

☐ 100% Timed Artificial Insemination (TAI) 

☐  combination of detection of estrus and TAI   

 

If you use synchronization of estrus and/or ovulation, what reproductive program do you use for 1st 

service? (Check all that apply) 

☐ Prostaglandins given every _______ days 

☐ Ovsynch  with CIDR____ without CIDR_____  

☐ Cosynch (hours from PGF to TAI____) 

☐ Presynch-Ovsynch  

☐ Other 
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If other, please explain: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

What reproductive program do you use for 2nd and subsequent services? (Check all that apply) 

☐ Prostaglandins given every _______ days 

☐ Ovsynch  with CIDR____ without CIDR_____  

☐ Cosynch (hours from PGF to TAI____) 

☐ Presynch-Ovsynch  

☐ Other 

  

If other, please explain: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

How is non-pregnancy diagnosis performed?   

☐ Rectal palpation 

☐ Transrectal ultrasound 

☐ Blood testing 

☐  Other 

How often is non-pregnancy diagnosis performed?   

 

☐weekly    ☐ biweekly    ☐ monthly   ☐ other  

 

When is non-pregnancy diagnosis performed after insemination?  

Days ________ 

 

Do you resynch before preg checking? Yes/No 

 

 

For any heat breedings noted above, what aids do you use in assisting heat detection? 

☐ Tail chalk 

☐ Kamar 

☐ Pedometers (electronic) 

☐ Neck Collars (electronic) 

☐ Visual (observed standing heats or other behavior) 

☐ Other (Please explain) __________________________________________________________ 
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Who performs AI breedings? 

 

☐  In house 

☐  AI company  

☐  Other  

 

Do you use sexed semen? Yes/No 

 

If yes, for how many breedings _________ 

 

Are breedings recorded by the different insemination personnel? Yes/No 

 

Are bulls used? Yes/No    When are heifers moved to the bull pen? ________________ 

 

Do you have a protocol for DNB (Do not breed) decisions? Yes/No If Yes, please explain: 

_____________________________________________________________________________________

_____________________________________________________________________________________ 
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APPENDIX B: EFFECT OF TEMPERATURE HUMIDITY INDEX PATTERNS ON 

FERTILITY, POSTPARTUM DISEASE, AND CULLING RISK IN NEW YORK STATE 

DAIRY FARMS (ADSA JAM, 2015) 

 

Figure 2. Percentage of inseminations occurring when THI was ≥72 in June through August for 

2013 and 2014 by calculated THI durations. 

Table 2. Relative Risk (RR) and Attributable Risk (AR) of mean PreTHI and THI14 timelines at 

or above 68 THI. 
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APPENDIX C: LIFE TABLE GRAPHIC OUTPUTS FROM SAS 
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APPENDIX D: CORNELL DAIRY FARM MODEL SIMULATION OUTPUT 
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