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1 Introduction 

 

As part of its own research work or in partnership with ONIRIS-INRA, UMR BIOEPAR used the first-
generation "ECOMAST" simulator. This simulator was developed internally and was launched during the 
thesis on "Ex-ante evaluation of the economic efficiency of programs to control intra-mammary infections in 
dairy cattle farming" (Hortet, 2000). This simulator, dedicated to dairy herd management and to the technical 
and economic impacts of mastitis, was designed as a database associated with a simulation engine designed 
to implement treatments. 

Its renewal was decided in 2015 from the functional analysis of the previous version. The previous version 
has been updated of a generic and open conceptual model designed according to the "XP" agile methodology, 
and which fully uses the performances of the latest programming languages and tools.  

This simulator was designed to compare management strategies in health disorders and reproduction in a 
dairy cattle herd, in terms of disease frequency, food consumption, animal performance and dairy cattle 
technical and economic results. 

The present document, divided into two main chapters, aims to introduce the functional analysis intended 
to describe the technical and biological obligations of livestock management taken into account in 
simulations, and the technical modalities of the simulatorôs use. 
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2 Functional analysis 

This document part describes the data and processes related to the functional simulationôs requirements. It 
matches the user or researcherôs needs with the simulationôs solution set up to respond to it. 

Based on recent publications and taking into account expert advice, the simulator aims to take into account 
all areas of interest involved in the life of the herd and its management. These domains, structured as 
modules, are each the subject of a chapter. 

The "General" section defines the transversal and common aspects of each of these modules. Finally, the last 
part of this chapter describes the means available to the user to set up its scenarios. 

 

 

2.1 General 

The Dairy Health Manager simulator (DHM) was designed to simulate a dairy cattle herd in a particular 
farming context. Only dairy production is considered in the simulator with the assumption that the farmer 
defines the size of his livestock according to its productionôs objectives and his premises. Developed on a self-
centered model basis, it introduces the interest of finely representing the herd by allowing the integration of 
individualsô diversity and their biological responsesô variability. 

In this context, the simulator makes it possible to take into account the differences and the genetic variability 
within and between breeds due to crossing. Furthermore, it enables to consider the interactions between the 
different decisions based on individual character, such as insemination type choice and culling criteria. The 
modeling aims to represent the biological processes and the more technical ones related to the farmerôs 
decision-making. 

 

Figure 1 : Biological processes and farmer decisions used in the simulator 

 

Before explaining the data and processes related to the different modules, it is necessary to define their 
common aspects, which are the simulatorôs management options and constant data. It is necessary to define 
their types as well as when they are specific, how to add individuals in the dairy herd and the method to 
produce data results. 
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2.1.1 Management options of the simulator 

The DHM simulator implements the management options of the time-dependent dynamic simulation, as 
well as the mechanistic simulation with discrete event modeling and stochastic simulation (Hortet, 2000). It 
acts on finite horizon. 

2.1.1.1 Dynamic simulation with time-related engine 

The dynamic simulation is based on modeling the timing of the events that generate change in the attributesô 
value. In our case, it makes it possible to make actions at a time step defined as 1 day. 

2.1.1.2 Mechanistic simulation with discrete event modeling 

The elementary simulation unit is a cow at its different stages of life (from birth to sale/death). It is 
represented by a set of attributes. 

The simulation result is constructed by reproducing the stages of the mechanisms involved in individualsô 
life cycle and, in particular, during discrete event occurrence (for instance, reproduction and health events, 
or the herdôs daily milk production). Thus the evolution of the attributes values depends on the occurrence 
of the simulated events (for instance, pregnancy onset or the occurrence of an intra-mammary infection) or 
corresponds to an incrementation (for instance, lactation, pregnancy and drying-off stages). 

2.1.1.3 Stochastic simulation  

Renewed with the same input parameters, the simulation does not necessarily produce the same results. 
Indeed, the simulator, based on the probability and variability rules described in the following chapters, will 
not deliver the same results through several simulations launched successively.  

2.1.1.4 Finite horizon simulation 

The simulatorôs point is to compare, both technically and in matters of account the transition phase between 
the initial and final situations and to not simply compare two static states. This is why the simulation period 
is defined over a finite space of time. 

2.1.2 General constants for simulation 

The general constant values include the simulator common data, apart from specialized modules for 
particular domains (described in paragraph 2.2 Modules on page 12). By definition, these values canôt be 
modified. Their questioning would require an evolution of the simulator. 

Three dairy and three beef breeds are used in the simulator: 

Dairy breeds 
Montbeliarde 
Normande 
Holstein 

Beef breeds 
Blanc bleue belge 

Charolaise 
Limousine 

Table 1: Breeds involved 

Reproduction breeds are only used in the simulator for inseminations, and their products are sold soon after 
birth. 

A cow udder is composed of 4 quarters managed individually. 

2.1.3 Initial herd constitution principle 

When the simulation starts, the herd does not have cows yet. They are purchased gradually, at a rate that will 
then allow a population regulation depending on the renewal setting defined by the user. 

This management is described in the population and batch management module (paragraph 2.2.5) 



 

12/ 97 

 

 

2.1.4 Produced data principle 

Whatever the module concerned, the data is produced regularly (daily, weekly, monthly and annual for the 
campaign or punctual (recording of actions / events when they occur). They are provided at the simulationôs 
end in the form of "tables" results, available from "csv" files, with ";ò as field separator and "," as decimal 
separator. 

These files are located in the folder designated as the one for the results, in a subfolder of the chosen 
protocolôs name, and in the concerned repetitionôs subfolder (run). 

Thus, from this raw data, all the necessary analyses will be possible natively with software like "R" for example. 

The typed data produced follows the format described in Table 2: Type data formats in paragraph 2.1.5. 

2.1.5 Typed data 

In addition to the standard data formats used (integer, float, bool, ...), typed formats are used in the results 
produced, they are determined as follows: 

Formatôs name Value definitions 
Campaign Expressed in the format <YYY starting year>> - <year end year in "YYYY" 

format>, based on the start date of the simulation. 
If the exercise is to start in January, the campaign is expressed as <exercise 
year in "YYYY" format> 

Date Expressed in the format « AAAAMMJJ » 
Breed Possible values: 

- 0: Montbeliarde, 
- 1: Normande, 
- 2: Holstein, 
- 3: Blanc bleue belge, 
- 4: Charolaise, 
- 5: Limousine. 

Insemination type Possible values: 
- 0: Natural insemination, 
- 1: Conventional artificial insemination, 
- 2: Male sexed artificial insemination, 
- 3: Female sexed artificial insemination. 

Table 2: Type data formats 

2.2 Modules 

The biological and technical / decisional functions are differentiated in the simulator. They are described 
and programmed in the form of 7 interrelated modules. 

These modules are:  

- Reproduction, 
- Lactation, 
- Health, 
- Genetics, 
- Population and batch management, 
- Feeding, 
- Accounting. 

They interact in the following way: 
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Figure 2: Diagram of the organization in modules and interaction representation 

 

The "Accounting" module provides a summary of all the accounting acts performed during the simulation. 

The following chapters describe, for each module, the biological and technical constant values implemented 
for the domain concerned, the animalôs attribute values that can evolve as the simulation proceeds, the 
management parameters, which can thus make up the desired scenarios, and finally the specific data that will 
be produced at the end of the simulation. 

While most of the data described in the following lines is taken from referenced publications, those with no 
reference is estimates based on expert opinion, on values already included in the "ECOMAST" simulator 
(Billon, 2015), and trial and error for the calibration of unobservable phenomena. 

These data are in general bases. They are established by the herd effect (phenomena not represented in the 
simulator) that applies to all cows uniformly, and are weighted by individual events (identified and described) 
occurring throughout the simulation. 
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2.2.1 Reproduction 

This module integrates all aspects implemented to simulate the animalsô ability to reproduce. While these 
phenomena may depend heavily on biological rules, they are however led by the farmerôs decisions. 

2.2.1.1 Constant biological and technical values 

The constant values that are applied in the simulationsô contexts and which affect reproduction deal with 
ovulation, its detection, insemination, pregnancy and resumption of post-partum ovarian cyclicity. 

The simulator differentiates cow reproduction stages in the following way: 

 

Figure 3: Reproduction stages 

Calves crossed with a beef breed, male calves and sterile female calves are not kept in the herd (see paragraph 
2.2.5.1.2.1 Assignment). 

2.2.1.1.1 Ovulation occurrence 

Ovulation occurs at the age defined as that of puberty. They appear during cycles that can be irregular and 
result in estrus. 

2.2.1.1.1.1 Age at puberty 

The age at puberty of dairy females is between 6 and 15 months (ie, 300 days on average), regardless of their 
breed (Bareille et al., 2016). The fixed value used is therefore 300 days. 

2.2.1.1.1.2 Estrus duration 

Since dairy cow estrus lasts between 8 and 23 hours (Kerbrat and Disenhaus, 2004), the value used for the 
simulation was set at 1 day. 

2.2.1.1.1.3 Intervals between ovulations (cyclicity) 

This criterion is not breed-related (Bareille et al., 2016). The values used are as follows (Hagen and Gayrard, 
2005): 

 Average number 
of days  

Heifers 20 days 
Cows 21 days 

Table 3: Days between ovulations 

The standard deviation used is one day. 

These values are a base. Various events as described below may change the duration. 
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2.2.1.1.2 Estrus detection sensitivity 

Sensitivity is the ability to detect cows that are currently in estrus (Chanvallon et al., 2011). 

The percentage of detection probability used includes the character that can be related to the cowôs 
expressivity and the detection sensitivity by the farmer (Disenhaus et al., 2010). It varies according to: 

- the breed, 
- the detection mode 
- parity  
- the ovulation rank 
- the insemination rank (integrating lack of specificity after calving and during insemination return). 

There are two categories to differentiate: detection sensitivity for first insemination, and those related to 
insemination return.  

2.2.1.1.2.1 Estrus detection sensitivity for first insemination 

The following table makes it possible to estimate estrus detection probability for first insemination. 

 Detection mode Heifers Primiparous Multiparous 
All 

ovulations 
1st 

ovulation 
2nd 

ovulation 
Following 
ovulations 

1st 
ovulation 

2nd 
ovulation 

Following 
ovulations 

Montbeliarde Embedded sensor 90% 80% 82% 84% 82% 85% 88% 
Farmer 60% 50% 52% 54% 52% 54% 58% 
Robot 80% 70% 72% 74% 72% 75% 78% 
Bull (*) 100% 

Normande Embedded sensor 90% 80% 82% 84% 82% 85% 88% 
Farmer 60% 50% 52% 54% 52% 54% 58% 
Robot 80% 70% 72% 74% 72% 75% 78% 
Bull (*) 100% 

Holstein Embedded sensor 85% 75% 77% 79% 77% 79% 81% 
Farmer 55% 45% 47% 49% 47% 49% 51% 
Robot 75% 65% 67% 69% 67% 69% 71% 
Bull (*) 100% 

Table 4: Estrus detecting sensitivity for first insemination 

(*) considered to be in the female batch  

These values were estimated on the basis of those implemented by the "ECOMAST" simulator. 

2.2.1.1.2.2 Estrus detection sensitivity for following inseminations 

Sensitivity may be different depending on insemination rank. The following table establishes the related 
probabilities: 

 Detection mode Heifers Primiparous Multiparous 
All returns 1st return 2nd return 1st return 2nd return 

Montbeliarde Embedded sensor 90% 84% 84% 88% 88% 
Farmer 60% 64% 59% 68% 63% 
Robot 80% 74% 74% 78% 78% 
Bull (*) 100% 

Normande Embedded sensor 90% 84% 84% 88% 88% 
Farmer 60% 64% 59% 68% 63% 
Robot 80% 74% 74% 78% 78% 
Bull (*) 100%     

Holstein Embeddded sensor 85% 79% 79% 81% 81% 
Breede 55% 59% 54% 61% 56% 
Robot 75% 69% 69% 71% 71% 
Bull (*) 100% 

Table 5: Estrus detection sensitivity for following inseminations 

(*) considered to be in the female batch 

Beyond the insemination ranks in the table above, the probabilities used are those of ovulations in Table 4: 
Estrus detecting sensitivity for first insemination. 

These values were estimated on the basis of those implemented by the "ECOMAST" simulator. 
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2.2.1.1.2.3  Additional criteria affecting estrus detection sensitivity 

Detection sensitivity probabilities can be reduced / increased by coefficients taking into account additional 
criteria related in particular to management and accommodation conditions. 

2.2.1.1.2.3.1 Slippery floors 

A factor of 0.5 is applied to the detection once obtained (except for bulls). This is a management option 
described in paragraph 2.2.1.2.3 Slippery floor. 

2.2.1.1.2.3.2 Simultaneous estrus 

Concomitant estrus facilitates their detection. The multiplicative values applied in this case are as follows: 

2 estrus  + than 2 estrus 
1.3 1.4 

Table 6: Multiplicative value increasing sensitivity in the case of concomitant estrus 

2.2.1.1.2.3.3 Dairy production 

A 50 kg / day milk production has the effect of reducing by 50% the previously estimated estrus detection 
probability in all signs (Disenhaus et al., 2010). 

The multiplicative value v applied to estrus detection probability is calculated as follows: 

ὺ ρ
$-0

ρππ
 

ὺ π 

(DMP = daily milk production) 

2.2.1.1.2.3.4 Health status 

Estrus detection sensitivity may be altered when the animal is experiencing health problems. 

2.2.1.1.2.3.4.1 Mastitis impact on estrus detection sensitivity  

é 

2.2.1.1.2.3.4.2 Ketosis impact on estrus detection sensitivity  

When a ketosis affects the cow, its Estrus detection sensitivity shall be affected as described in paragraph 
2.2.3.2.1.1.3.1.2 Effect of ketosis on heat detection sensitivity. 

2.2.1.1.2.3.4.3 Limping impact on estrus detection sensitivity  

When a limping affects the cow, its Estrus detection sensitivity shall be affected as described in paragraph 
2.2.3.3.1.1.3.1.2 Effect of limping on heat detection sensitivity. 

2.2.1.1.3 Estrus detection specificity 

A lack of specificity is when the farmer considers cows in estrus when they are not. This applies only to 
artificial inseminations (AI). Natural inseminations (mating) are not concerned. 

The specificity error rates are of two kinds: 

- the specificity after calving, when the last estrus day is known, 
- the specificity during returns after IA when the last estrus day is unknown. 

The percentages set out below reflect the probability of making this mistake when finding estrus. 

2.2.1.1.3.1 Lack of specificity after calving (or after reproduction for heifers) and before first artificial insemination 

Probabilities of a lack of specificity are applied for the different representative periods. 

- Heifers 
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Regarding heifers, these are animals that have never been inseminated since the decision to start 
reproduction or since their last unsuccessful pregnancy: 

Detection mode 1 to 46 days 
after starting 
reproduction 

47 days and 
more after 

starting 
reproduction 

Embedded sensor 1% 2% 
Farmer 4% 5% 
Robot 2% 3% 

Table 7: Probability of a lack of specificity for heifers 

- Cows 

Regarding cows, itôs about the ones that have not yet been inseminated since their last calving: 

Detection mode Primiparous Multiparous 
40-69 days 

after 
pregnancy 

70-100 days 
after pregnancy 

More than 100 
days after 
pregnancy 

40-69 days after 
pregnancy 

70-100 days 
after 

pregnancy 

More than 100 
days after 
pregnancy 

Embedded sensor 1% 2% 5% 1% 2% 5% 
Farmer 4% 5% 13% 4% 5% 13% 
Robot 2% 3% 6% 2% 3% 6% 

Table 8: Probability of a lack of specificity for cows after calving 

2.2.1.1.3.2 Lack of specificity for returns after AI 

When an artificial insemination has been performed following an actual ovulation detection, and that it has 
been successful, a 7% probability of a lack of specifity is simulated, after IA, by a normal law based on the 
interval between ovulations and a standard deviation of 1. 

2.2.1.1.4 Insemination and fertility 

Inseminations are considered fertile if they lead to pregnancy. This result may depend on the strategy adopted 
in terms of inseminations and the animalôs fertility. 

2.2.1.1.4.1 Insemination choice 

Three modes of fertilization are proposed by the simulator: 

- natural mating by a bull, 
- artificial insemination in conventional semen, 
- artificial insemination in sexed semen (male or female). 

Bulls used for inseminations are randomly selected from the catalog for this purpose according to the 
procedures described in paragraph 2.2.4.1.3 Genetic value of bulls for insemination (including natural), depending 
on the breed to be used and the genetic strategy chosen by the experimenter (balanced, with priority over 
milk quantity or functional traits). 

A mating plan is proposed to divide semen types and breed crosses (see paragraph 2.2.1.2.4 Mating plans). 

When artificial insemination occurs due to a specificity lack (see paragraph 2.2.1.1.3 Estrus detection specificity), 
it is non-successful because performed "at the wrong time". However, if by chance it is performed on the 
ovulation day, it would then be considered "at the right time" given the related success rules. 

A management parameter is used to stop inseminations under certain conditions (see section 2.2.1.2.8 
Individual decision of stop inseminations related to heifer and cow infertility). 

2.2.1.1.4.2 Fertility ï basic values 

Success (fertility) probabilities related to fertilization methods used are estimated for insemination at the 
right time (during simulated ovulation). They include non-fertilization and early embryonic mortality. They 
are based on the results of the FertilIA study conducted between 2004 and 2007 on Holstein cows (Salvetti 
et al., 2011). 
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With regard to the Normande and Montbeliarde breed heifers, the FertilIA study results were weighted to 
take into account the differences reported during the study conducted on sexed semen use in 2014 by the 
IDELE (Le Mézec, 2015). 

Those relating to reproduction are based on expert testimony. 

The basic fertility rates of fertilization modes, which do not take into account the harmful effects of certain 
factors (see paragraph 2.2.1.1.4.4 Fertility modulation), are as follows: 

  
Mating 

Conventional 
artificial 

insemination 

Sexed artificial 
insemination 

Normande Heifer 95% 85% 69% 
Adult 90% 78% 62% 

Holstein Heifer 95% 83% 69% 
Adult 90% 74% 62% 

Montbeliarde Heifer 95% 85% 73% 
Adult 90% 80% 67% 

Table 9: Basic fertility rate (not taking into account the adverse effects of certain factors) according to fertilization 
modes 

One parameter makes it possible to adjust the fertility level of the herd (see paragraph 2.2.1.2.6 Herd-specific 
fertility factor). 

2.2.1.1.4.3 Grouped calvings 

By default, calvings are spread throughout the campaign. However, the simulator makes it possible to group 
the calvings at one or more times of the year, according to the parameters proposed in the paragraph 2.2.1.2.5 
Grouped calvings, which will also have an influence on the constitution of the initial herd (see paragraph 
2.2.5.1.1.1 Gradual herd increase). 

Cows or heifers that have not been fertilised after the insemination period in preparation for group calving 
are culled. 

2.2.1.1.4.4 Fertility modulation 

Some factors may have a negative or positive influence on cow fertility. 

2.2.1.1.4.4.1 Milk production 

Milk production impacts fertility. The quantity of milk produced and the lactation stage are taken into 
account. Their effect is simulated by the application of a multiplicative value calculated as follows: 

Day production (kg) Lactation stage (days) Multiplicative value of fertility decline 
<= 20 <= 30 0.5 

> 30 and <= 100 0.5 + 0.003 x (Lactation stage - 30) 
> 100 0.7 

> 20 and <= 50 <= 30 0.5 ï 0.01 x (Day production ï 20) 
> 30 et 

<= 100 + Day production - 20 
0.5 ï 0.01 x (Day production ï 20) 

+ 
(0.2 / (100 + (Day production ï 20) 

x 
(Lactation stage - 30) 

> 100 0.7 ï 0.01 x (Day production ï 20) 
> 50 <= 30 0.2 

> 30 et <= 130 0.2 + 0.002 x (Lactation stage - 30) 
> 130 0.4 

Table 10: Multiplicative value of fertility drop due to milk production 
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2.2.1.1.4.4.2 Individual potential 

Individual potential is determined by the phenotypic trait "Fer", which is set up in paragraph 2.2.4.1.2 
Individual genetic value. The principle is to apply to the success probability of an insemination (even mating) 
the corrected performance of the phenotypic trait (see paragraph 2.2.4.1.2.2 Individual potential in adult stage). 

2.2.1.1.4.4.3 Parity 

 

2.2.1.1.4.4.4 Sexed semen 

 

2.2.1.1.4.4.5 Cross-reproduction 

 

2.2.1.1.4.4.6 Artificial insemination month 

 

2.2.1.1.4.4.7 Difficulties during the previous calving 

 

2.2.1.1.4.4.8 Mastitis effect on fertility 

é 

2.2.1.1.4.4.9 Ketosis effect on fertility 

Fertility is disturbed when the cow undergoes ketosis, as described in the paragraph 2.2.3.2.1.1.3.1.3 Effect of 
ketosis on fertility. 

2.2.1.1.4.4.10 Limping effect on fertility 

Fertility is disturbed when the cow undergoes limping, as described in the paragraph 2.2.3.3.1.1.3.1.3 Effect 
of limping on fertility. 

2.2.1.1.5 Pregnancy 

Pregnancy is when a cow, after having undergone a successful insemination, carries an embryo. It has a 
basic duration, but can undergo interruptions before term. If nothing disturbs the pregnancy, the cow gives 
birth to one or two calves. 

2.2.1.1.5.1 Late embryonic mortality and abortion  

Assuming that the risk of early embryo mortality is taken into account in fertility (see paragraph 2.2.1.1.4 
Insemination and fertility), two critical pregnancy periods remain to be defined in terms of simulation: late 
embryonic mortality (including fetal mortality) and abortion. 

Late embryon mortality occurs between the 16th and 89th pregnancy day. Pregnancy loss probability at this 
stage was estimated from the results of the FertilIA study on Holstein adult cows (Salvetti et al., 2011). These 
resultsô application for Normande and Montbeliarde breeds is the result of cross studies of ovulation return 
observations by IDELE (Le Mézec, 2015) and of progesteronemia analyzes on a large sample of individuals 
(Humblot, 2001). 
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Figure 4: Periods at risk of pregnancy loss 

The values used are as follows: 

 Late embryonic 
mortality (*) 

Montbeliarde 21% 
Normande 23% 
Holstein 21% 

Table 11: Breed-specific probability of late embryonic mortality 

(*) Beta-Pert distribution with 21-day peak 

The late abortion period begins on the 90th day and goes until the day from which calving begins to appear 
according to the established distribution, that is, 22 days less than the breedôs average pregnancy (see 
paragraph 2.2.1.1.5.2 Pregnancy duration). 

The implemented rates are based on the observation of mortality rates in the study conducted by UNCEIA 
(Humblot, 2001). The values used are as follows: 

 Late 
abortion 

Montbeliarde 1.6% 
Normande 0.3% 
Holstein 2.5% 

Table 12: Late abortion probability 

Depending on pregnancy stage, a lactation process may be initiated (see paragraph 2.2.2.1 Constant biological 
and technical values). 

2.2.1.1.5.2 Pregnancy duration 

Pregnancy duration depends on the breed, parity, the sex and the number of foetuses (Bareille et al., 2016). 

2.2.1.1.5.2.1  Breed and parity 

Nominal breed duration is determined for each cow in a stochastic manner with a standard deviation of 5 
days that is applied to the following averages (Marceau et al., 2014): 

 Heifer average 
Pregnancy duration 

Primiparous and 
multiparous cowô 
average pregnancy 

duration 
Montbeliarde 286 days 287 days 

Normande 285 days 286 days 
Holstein 280 days 282 days 

Table 13: Breed and parity-specific average Pregnancy duration 

Pregnancy duration is influenced by the breed of the unborn (cross) calf however it is not taken into 
consideration, as well as the dam performanceôs repeatability, because of the low heritability of pregnancy 
durationé 
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2.2.1.1.5.2.2 Sex of the unborn calf 

Regarding the unborn calfôs sex, the probability of it being a female is 50% for natural insemination, 49% 
for conventional artificial insemination, and 93% (males) and 90% (female) for sexed artificial inseminations 
(Le Mézec, 2015). 

When the expected calf is a male, Pregnancy duration is reduced by one day. 

2.2.1.1.5.2.3 Twin pregnancy 

Twin pregnancy probability is as follows: 

Nulliparous 1% 
Primiparous 6% 
Multiparous 7% 

Table 14: Twin pregnancy probability 

These values are based on the 2004 observation of Holstein herds in the United States (Germain, 2009). 
While in reality, the cattleôs twining rate depends on the breed; this factor is not integrated into the simulator. 

If the calves to be born were of opposite sexes, the female would be sterile. 

The simulator does not take into account the increased risk of twin pregnancies. 

In reality, in case of multiple pregnancies, births occur 5 to 8.5 days in advance (Germain, 2009). Since the 
simulator only manages twin pregnancies, pregnancy will be reduced by 5 days. 

2.2.1.1.6 Cyclicity resumption after pregnancy loss and calving 

The post-parturm cyclicity recovery depends on the end of the last pregnancy: loss case or calving. It can also 
be affected by ketosis or limping. 

2.2.1.1.6.1 Pregnancy loss case 

For cases of pregnancy loss (late embryonic mortality and abortion), the time until estrus return is 
proportional to the actual pregnancy duration, increasing until the 150th day of pregnancy until reaching 60 
days, to gradually resume a normal cycle until the day from which calving is considered normal: 

 

Figure 5: Delay of cyclicity resumption time after embryo or fetal mortality 

The farmer chooses when to start reproduction again after a pregnancy loss (see paragraph 2.2.1.2.7 Minimum 
post-partum delay before breeding (waiting period)). If a new lactation begins after pregnancy loss (pregnancy stage 
of at least 150 days), the delay until reproduction is the same as for calving. Otherwise, there is no latency 
delay. 
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2.2.1.1.6.2 Calving case 

The recovery time of a post-calving cow cycle and the probability of a cyclical interruption are breed and 
parity dependent (Disenhaus et al., 2008). Probability distribution is as follows: 

 1st standard cycle 
(10 to 50 days) 

1st delayed cycle 
(51 to 100 days) 

1st cycle after 
100 days 
(INO)   Normal 

cycle 
Interrupted 

cycle 
Normal 

cycle 
Interrupted 

cycle 
Montbeliarde(*) Primiparous 84% 4% 11% 1% 0% 

Multiparous 87% 11% 1.4% 0.6% 0% 
Normande Primiparous 78% 6% 15% 1% 0% 

Multiparous 83% 15% 1.4% 0.6% 0% 
Holstein Primiparous 51% 19% 17% 1% 12% 

Multiparous 56% 30% 5.4% 2.6% 6% 

Table 15: Post-partum cyclicity resumption by breed and parity 

 (*) The study used does not show the details of first-calf heifers and multiparousô cyclicity returns for the 
Montbeliarde breed. The values were chosen by trial and error to obtain a delay variation in setting the 
reproduction of Montbeliarde cows 4 days before Normande cows (Reproscope data). When a cycle is 
interrupted, the first ovulation does not occur until 35 days after calving. 

For the first cycle after 100 days (INO), the determined D-day of return follows this distribution: 

D = 101 *  (1+ n²) 

With n = uniform distribution from 0 to 1 

2.2.1.1.6.3 Ketosis case 

The resumption of ovarian activity may be delayed when the cow suffers from ketosis, the conditions for such 
a delay are defined in the paragraph 2.2.3.2.1.1.3.1.1 Effect of ketosis on the resumption of ovarian activity. 

2.2.1.1.6.4 Limping case 

The resumption of ovarian activity may be delayed when the cow suffers from limping, the conditions for 
such a delay are defined in the paragraph 2.2.3.3.1.1.3.1.1 Effect of limping on the resumption of ovarian activity. 

2.2.1.2 Parameters for reproductive management 

This paragraph describes the decision-making parameters of the farmer for aspects related to reproduction. 
Several options are offered to the user. Combined, they simulate different managements. 

2.2.1.2.1 Breeding age 

This parameter makes it possible to define the age at which the heifers are put to reproduction by the farmer. 
This results in estrus monitoring in preparation for first insemination. 

 The default value is 500 days. 

2.2.1.2.2 Estrus detection modes 

The detection mode used in the herd is configurable. The possible values are: 

- embedded sensor, 
- robot, with milk progesterone dosage, paid option (see Table 83: Default charges for accounting operations) 
- farmer, 
- bull, when mating. 

This option will have an impact on estrus sensitivity rates (see paragraph 2.2.1.1.2 Estrus detection sensitivity) 
and on lack of specificity (see paragraph 2.2.1.1.3 Estrus detection specificity). 
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The default mode is detection by the farmer. 

2.2.1.2.3 Slippery floor 

Simulation may involve accommodation conditions that could reduce estrus expression, such as a slippery 
floor which is a Boolean option (true or false) that will affect estrus detection rates (see paragraph 2.2.1.1.2.3.1 
Slippery floors). 

By default, the option is not selected (false). 

2.2.1.2.4 Mating plans 

It is possible to set the choice of insemination type and breed according to AI rank and cow parity. 

The default values are: 

 
 

 

First insemination 2 and 3 insemination 4 and more insemination 
Insemination 

type 
Breed Insemination 

type 
Breed Insemination 

type 
Breed 

Heifers Female sexed 
artificial 

Holstein Conventional 
artificial 

Holstein Conventional 
artificial 

Limousine 

Primiparous 
and 

multiparous 

Conventional 
artificial 

Holstein Conventional 
artificial 

 

Holstein Conventional 
artificial 

Charolaise 

Table 16: Default values for mating plans 

2.2.1.2.5 Grouped calvings 

Grouping of calvings over one or two periods of the year is possible. The parameter setting consists of 
defining, for a grouping of calvings, the expected month of the year, the number of months allowed before 
and after this peak (delta), and the proportion of the herd concerned (in case two groupings are planned over 
the year). If no grouping parameters are defined, calvings are spread throughout the year. 

This setting determines the way in which the herd is built up, see paragraph 2.2.5.1.1.1 Gradual herd increase. 

2.2.1.2.6 Herd-specific fertility factor 

A multiplicative value can improve fertility (value greater than 1.0) or reduce it (value less than 1.0). This 
option will affect the success rates of inseminations (see paragraph 2.2.1.1.4 Insemination and fertility). 
Reproduction factors that influence fertility which are not explicitly represented are therefore taken into 
consideration. 

The default value is 1.0. 

2.2.1.2.7 Minimum post-partum delay before breeding (waiting period) 

This parameter makes it possible to define the delay to be respected before post-calving reproduction 
(pregnancy having led to a lactation). 

Besides, this parameter makes it possible to apply a strategy to extend lactations.  

The default value is 60 days. 

2.2.1.2.8 Individual decision of stop inseminations related to heifer and cow infertility 

The time limits described in this paragraph make it possible to determine whether, under certain conditions, 
it is no longer considered necessary to carry out inseminations. When an animal fulfils these conditions, it 
is considered infertile and therefore generally culled (see paragraph 2.2.5.1.1.2.2 Heifer sales and adult cow). 

The evaluated periodôs beginning is the date of the reproduction decision for both heifers and cows. 

Estrus detection absence  
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This parameter is used to define the delay after which the first insemination will no longer be attempted 
because no estrus has been detected since breeding start. The default values are 150 days for heifers and 190 
days for cows. 

Lack of fertility  

This parameter makes it possible to define the delay after which the inseminations will be stopped because 
none has been successful since the cow has been set (back) to breeding. The default values are 200 days for 
heifers and 260 days for cows. 

2.2.1.3 Data produced 

Data is produced on the one hand on calving, and on the other hand on inseminations. 

2.2.1.3.1 Calving-based reproductive performance 

By convention, a calving is considered to be the birth of one or two calves born at term. Cases of embryonic 
mortality or abortion (see paragraph 2.2.1.1.5.1 Late embryonic mortality and abortion) are therefore not 
considered calving. 

2.2.1.3.1.1 Primiparous 

Production type: one-off 

Information level: cow 

Result file name: « PrimipareReproductionResultsBasedOnCalving.csv » 

This data is produced during a primiparous cow calving. 

The available fields are: 

Field name Format Value 
Id integer Identity of the cow involved 

Successful_calving_date Date (*) Successful calving date 
First_insemination_age integer Age at the first insemination 

Successful_insemination_age integer Age at the first successful 
insemination 

Calving_age integer Age at the caving 
First_insemination_date Date (*) First insemination date 
First_insemination_type Insemination type (*) First insemination type 

First_insemination_bull_breed Breed (*) First insemination bull breed 
Insemination_quantity integer Number of inseminations 

performed 
Successful_insemination_date Date (*) Successful insemination date 

Successful_Insemination_quantity integer Successful insemination 
number 

Successful_insemination_type Insemination type (*) Successful insemination type 
Successful_insemination_bull_breed Breed (*) Successful insemination bull 

breed 
First_insemination_successful_insemination_interval integer Number of days between the 

first and the successful 
insemination 

Campaign Campaign (*) Campaign involved 

Table 17: Structure of calving-based reproductive performance data for primiparous cows 

(*) See Table 2: Type data formats page 12. 

2.2.1.3.1.2 Multiparous 

Production type: one-off 

Information level: cow 
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Result file name: « MultipareReproductionResultsBasedOnCalving.csv » 

This data is produced during a multiparous cow calving 

The available fields are: 

Field name Format Value 
Id integer Identity of the cow involved 

Successful_calving_date Date (*) Successful calving date 
Previous_calving_date Date (*) Previous calving dates 

Previous_successful_calving_interval integer Number of days between the 
successful calving and the 

previous one 
Previous_calving_rank integer Rank of the previous calving 

First_insemination_date Date (*) First insemination date 
First_insemination_type Insemination type (*) First insemination type 

First_insemination_bull_breed Breed (*) First insemination bull breed 
Previous_calving_first_insemination_interval integer Number of days between the 

previous calving and the first 
insemination  

Insemination_quantity integer Number of inseminations 
performed 

Successful_insemination_date Date (*) Successful insemination date 
Successful_Insemination_quantity integer Successful insemination 

number 
Successful_insemination_type Insemination type (*) Successful insemination type 

Successful_insemination_bull_breed Breed (*) Successful insemination bull 
breed 

Previous_calving_successful_insemination_interval integer Number of days between the 
previous calving and the first 

insemination 
First_insemination_successful_insemination_interval integer Number of days between the 

first and the successful 
insemination 

Campaign Campaign (*) Campaign involved 

Table 18: Structure of calving-based reproductive performance data for multiparous cows 

(*) See Table 2: Type data formats page 12. 

2.2.1.3.2 Insemination-based reproductive performance 

2.2.1.3.2.1 Nulliparous 

Production type: one-off 

Information level: cow. 

Result file name: « NullipareReproductionResultsBasedOnInsemination.csv » 

This data is produced when a heifer calves. 

The available fields are: 

Field name Format Value 
Id integer Identity of the cow involved 

First_insemination_age integer Age at the first insemination 
First_insemination_date Date (*) First insemination date 

Insemination_date Date (*) Insemination date 
Insemination_type Insemination type (*) Insemination type 

Insemination_bull_breed Breed (*) Insemination bull breed 
Insemination_number integer Number of inseminations 

performed 
Campaign Campaign (*) Campaign involved 

Table 19: Structure of insemination-based reproductive performance data for nulliparous cows 
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(*) See Table 2: Type data formats page 12. 

2.2.1.3.2.2 Primiparous and multiparous 

Production type: one-off 

Information level: cow 

Result file name: « PrimiMultipareReproductionResultsBasedOnInsemination.csv » 

This data is produced during a primarous or a multiparous cow insemination. 

The available fields are: 

Field name Format Value 
Id integer Identity of the cow involved 

Previous_calving_date Date (*) Previous calving date 
Previous_calving_rank integer Previous calving rank 

First_insemination_date Date (*) First insemination date 
Insemination_date Date (*) Insemination date 
Insemination_type Insemination type (*) Insemination type 

Insemination_bull_breed Breed (*) Insemination bull breed 
Previous_calving_first_insemination_interval integer Number of days between the 

previous calving and the first 
insemination  

Insemination_number integer Number of inseminations 
performed 

Campaign Campaign (*) Campaign involved 

Table 20: Structure of insemination-based reproductive performance data for primiparous and multiparous cows 

(*) See Table 2: Type data formats page 12. 
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2.2.2 Lactation 

The lactation module integrates all the aspects implemented to simulate female milk production. While this 
phenomenon is strongly dependent on biological constraints, it is however led by the farmer. 

2.2.2.1 Constant biological and technical values 

The internal parameters used for lactation simulations relate to milk production in terms of duration, 
quantity and composition, depending on different biological and technical factors. 

The simulator differentiates cowsô lactation stages as follows: 

 

  

Figure 6: Lactation initiation and end steps 

 

By convention, a lactation is considered as such when the female gives birth at the end of a pregnancy of at 
least 150 days, whatever the viability of new-born calf (calves). 

Regarding the liter representation of milk production expressed in kg, the following coefficient is applied 
(Bareille et al., 2017): 

1 liter = 1.033 kg  

Lactation duration is decided by the farmer who schedules the drying-off date. Like the quantity produced 
and the composition, the duration of the lactation can vary. 

2.2.2.1.1 Basic milk quantity and composition, basic lactation duration, milk destination  

The quantity of milk produced and its composition varies according to the breed, as the daily production 
depends on the lactation stage (Bareille et al., 2017). Lactation duration is set up by the farmer. 

2.2.2.1.1.1 Breed impact on cumulated milk production 

Milk quantity and composition depends on the cowôs breed, and to a lesser extent on its genetic make-up 
(discussed in paragraph 2.2.4.1.1 Genetic values associated with phenotypic traits, describing the basic 
performances of the gross production). 

2.2.2.1.1.2 Daily production by lactation stage 

Daily dairy production (DDP) is not constant over time, it depends on the lactations stage. Moreover, unlike 
milk quality, which is represented firstly by the fat content (FC) and secondly by the protein content (PC), 
the produced quantity is also linked to the parity of the cow (1st lactation, 2nd lactation and following 
lactations). Thus, for each breed, five curves are applied to distribute each day the DDP throughout a 
reference lactation at 305 days. These curves are determined by Wood's equation (1967):  

DDPWood = a tb exp(-ct) 
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The coefficient "a" is calculated from a fixed value ("a1") added to a factor ("a2") applied to the average of the 
breed cumulative production (see paragraph  2.2.4.1.1.2 Criteria of genetic values associated with breed-dependent 
phenotypic traits). The coefficient "c" is based on the persistence of pregnant cow production. The value "t" 
represents the lactation stage. The coefficient values used are as follows: 

Coefficient 
Quantity 

FC PC 
1 lactation 2 lactations 

3 lactations 
and more 

a1 -0.283 -0.0432 -0.52 0.21 2.43 
a2 0.0018 0.00264 0.00289 1.27 1.287 
b 0.25 0.197 0.192 -0.141 -0.151 
c 0.0038 0.0049 0.0053 -0.003 -0.00275 

Table 21: Basic values of Wood coefficients applied to daily dairy production 

The DDP curves obtained are as follows: 

 

Figure 7: Daily dairy production curve for the Montbeliarde 
breed 

 

Figure 8: Daily dairy production curve for the Normande 
breed 

 

Figure 9: Daily dairy production curve for the Holstein breed 

 

 

 

The non-pregnant effect is described in paragraph 2.2.2.1.2.3 Pregnancy. 

2.2.2.1.1.3 Milk somatic cell count in absence of infection 

Milk somatic cell count in absence of infection is dependent on the rank and stage of lactation, but not on 
the breed of the cow. It undergoes a representable dilution phenomenon in the form of a Wood curve. In 
contrast to milk composition, the coefficient "a" is not dependent on the level of production of the breed 
with respect to somatic cell count. The proper coefficients applied in this case are as follows (Hortet, 2000): 
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Coefficient 
Lactation rank 

1 2 3 et + 
a 1000 200 100 
b -1 -0.8 -0.75 
c -0.008 -0.010 

 

 

-0.012 

 
Table 22: Basis values of Wood coefficients applied to somatic milk cell count in mammary infection absence  

Thus, the Somatic Cell count (SCC) of the milk in the absence of infection, expressed in number of 1000 
cells / ml of milk, will respect the following curves: 

 

Figure 10: SCC wood curves of the udder in mammary infection absence 

Note: The Wood equation (1967) was modified with a lag of +10 days (lactation rank 1) and +12 days 
(lactation rank > 1) for the variable defining the stage of lactation (Hortet, 2000). 

The inter-day-to-day variability of SCC (excluding mastitis) is defined by hazard in paragraph 2.2.2.1.2.14 
Daily hazard. 

 

2.2.2.1.1.4 Basic lactation duration ï drying-off programming  

The theoretical lactation duration is decided by the farmer (drying-off). This allows him to consider the dry 
period he wants as part of his farm management. This duration is configurable (see paragraph 2.2.2.2.1 Drying-
off). 

For this purpose, if a lactation is to be in progress, the drying-off date is programmed as soon as an 
insemination has been determined as successful and therefore a pregnancy begins. Calculation is done as 
follows: 

Tp = Ir + Pg ï Ps 

with  

Tp = planned day for drying-off 

Ir = day of the successful insemination 

Pg = expected duration according to the pregnancyôs breed and parity 

Ps = duration set up for the Dry Period. 
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The "farmer" estimate of Pregnancy duration is based on the average pregnancy duration based on breed and 
parity (see paragraph 2.2.1.1.5.2.1 Breed and parity). It does not take into account other biological factors. 

Drying-off is deprogrammed in case of embryonic mortality or abortion. 

When a drying-off date has been programmed, the milk production is stopped on the planned day. In the 
opposite case (e.g. if the cow is destined for culling and therefore has not been bred), the production is 
automatically stopped as soon as the milk product level is lower than the one set (see paragraph 2.2.2.2.1 
Drying-off). 

2.2.2.1.1.5 Milk destination 

The production of the first days of lactation is not considered consumable (marketable) because it is colostrum 
(Bareille et al., 2017). It will not be delivered to the dairy, but is considered as discarded milk. The simulator 
is used to set the time length during which this milk will be discarded by the farmer (see paragraph 2.2.2.2.3 
Minimum lactation stage for delivered milk). 

The milk to be delivered produced daily is stored in the tank and is collected every three calendar days. This 
milk is analysed at the cooperative three times a month to determine the average SCC. The dates of these 
controls are not known by the farmers, the simulator carries them out on the 5th, 15th and 25th of the 
month, and the results are communicated the next day. Depending on the measured SCC (i.e. from the first 
test) and the SCC ceiling that he decides not to exceed, the farmer discards the milk that penalises him the 
most, i.e. the milk from the quarter of the cow with the highest SCC since the last two milk tests (thus 
assuming that the milk test is not a simulation option, but a systematic subscriber). 

Depending on the average SCC of the three milk checks carried out during the month, penalties are applied 
to the price paid for the milk delivered by the farmer, by instalments: 

- above 250 (000/ml) 
- above 300 (000/ml) 
- above 450 (000/ml) 

The amount of the penalties can be configured, see chapter 2.2.7.1 Accounting parameters. 

2.2.2.1.2 Milk production modulation 

"Real" milk production is a modulation of the theoretical production due to the circumstances described 
below. 

2.2.2.1.2.1 Parity 

Milk production MP increases with parity (Bareille et al., 2017). For this purpose, the simulator uses a divisor 
factor of MP at adult stage, the values of which are established as follows (Thomas, 2018): 

Parity Value of the divisor 
1 1.3 
2 1.12 
3 1.03 

4+ (adult) 1.0 
Table 23: Divisor value of the milk quantity produced during adulthood according to parity 

Durations remain the same, but a very slight decrease in PC with age (-0.2g / kg between the 1st and 4th 
lactation) is taken into account. 

2.2.2.1.2.2 Drying-off 

The dry period starts from the drying day (milkingôs end) and ends when the next lactation begins. Its 
reference duration is a decision of the farmer, but it can be modulated according to unpredictable biological 
events (abortions, variability of the pregnancy duration, ...). 

The duration of the dry season influences the coming production. Indeed, the elimination of drying-off has 
the effect of reducing the quantity of milk produced by 15%, and a dry period of 30 days by 7%. 
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The principle adopted to simulate this effect is the application of a multiplicative value whose calculation is 
based on a proportionality implementing the actual dry periodôs duration (taking into account biological 
events) and the foreseeable decrease in quantity: 

 

Figure 11: Effect of the decreased milk production due to reduced dry period at the next lactation  

Thus the proportional multiplicative value ὺ is calculated using the formula:  

ὺ ρ  
ÐÓ z

ρυ
φπ

ρυ

ρππ
 

ύὭὸὬ     πȢψυ ὺ ρ 

       ps = actual duration of the dry period. 

Regarding FC and PC, according to the Breton Survey (Kerouanton et al., 1995, Designé 1966), the benefits 
obtained due to the omission of the previous lactationôs dry period are as follows (Rémond, Kérouanton and 
Brocard, 1997): 

Lactation FC gain 
(g/kg) 

PC gain 
 (g/kg) 

2nd 2.9 3.0 
3rd and more 0.4 1.1 

Table 24: Gain in FC and PC due to the omission of the drying up of the previous lactation 

According to the same scheme as for milk production, the proportionate additive value v is calculated for FC 
and PC using the following formula: 

ὺ Ὣ ὼ 
φπ ὴί

φπ
 

ύὭὸὬ     ὺ π 

          Ὣ = basic gain 

ps = actual duration of the dry period 

 

The lactation curveôs shape is little or no modified by the absence of dryness (Rémond, Kérouanton and 
Brocard, 1997), it is not modified in the simulation. 

2.2.2.1.2.3 Pregnancy 

The theoretical production curves (see paragraph 2.2.2.1.1 Basic milk quantity and composition, basic lactation 
duration, milk destination) are based on the assumption that cows are pregnant. When this is not the case, the 
following values are added to the quantity produced (Billon, 2015): 
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Lactation stage Additive value 
From 242 days 1 kg 
From 272 days 2 kg 
From 303 days 2,5 kg 

Table 25: Additive value of milk production of a cow that isnôt pregnant according to its lactation stage  

FC and PC are not changed. 

2.2.2.1.2.4 Individual potential 

Individual potential in adult stage (lactation 4) depends on the genetic value of the individual. It is 
determined in the simulation for the following phenotypic traits: 

- MILK : Quantity milk (in kg) 
- FC : fact content (in g/kg) 
- PC : protein content (in g/kg) 

These valuesô determination is explained in the genetic module (see paragraph 2.2.4 Genetics). 

2.2.2.1.2.5 Estrus 

Milk production decreases the day the cow is in estrus from 5 to 10% (Bareille et al., 2017). Therefore, the 
simulator uses a multiplicative value of 0.925, which affects the quantity of milk produced and corresponds 
to a 7.5% drop. 

FC and PC do not undergo any Movements during estrus.  

2.2.2.1.2.6 Photoperiod 

The photoperiod (associated with the season) has a specific effect on the daily milk production of the cow 
(Coulon, Chilliard and Rémond, 1991). This additive effect is represented by the following curve (Bareille et 
al., 2017): 

 

Figure 12: Specific effect of the month on the dairy production of the cow 

Thus, the equation used to determine the multiplicative value ὺ of the performance ὴ to add to the milk 
production of the day (PLJ) is as follows: 

ὺ ὴz ÃÏÓ 
ς“z Ὠὥώ έὪ ὸὬὩ ώὩὥὶ

ὲόάὦὩὶ έὪ Ὠὥώί Ὥὲ ὸὬὩ ώὩὥὶ
 

With as criterion value  ὴ: 
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▬ Value Factor 
Dairy production  (kg) -1.5 

FC (g/kg) 1.5 
PC (g/kg) 0.75 

Table 26: Performance-specific seasonal multiplier factor  

The photoperiod effect thus calculated is applicable to a herd located at the average latitude of metropolitan 
France. 

2.2.2.1.2.7 Milking frequency 

Milking frequency is usually set at twice a day. Reducing this frequency to one time leads to a 25% drop in 
production, with a 2.7g / kg increase in FC and a 2.2g / kg increase in PC (Rémond, Pomiès and Pradel, 
2005). However, a milking carried out 3 to 4 times a day results in an increase of approximately 15%, without 
impacting the rates (Bareille et al., 2017) nor of the SCC. 

Milking frequency can be parameterized (see paragraph 2.2.2.2.2 Milking frequency). 

2.2.2.1.2.8 Somatic cell count 

Beyond 50,000 cells / ml of milk, SCC causes a decrease in milk production depending on parity and 
lactation stage. This effect following the presence of mastitis is taken into account by the simulator by 
applying the following equations (Hortet et al., 1999): 

Ὑὓὣὢ ὥz ὈὍὓ ὦz ὈὍὓὧ ÌzÏÇÎ 
ὢ

υπ
 

With 

RMY = decrease in the milk production (kg) 

X = SCC value studied (1000 cells/ml) 

DIM = lactation stage 

and for each parity: 

Parity a b c 
1 0 0 0.44 
2 0.00002 -0.0019 0.5006 
3+ 0.00001 0.0015 0.3341 

Table 27: Parameters specific to each parity for the equation of milk quantity reduction related to milk SCC 

2.2.2.1.2.9 Mastitis effect on dairy production 

Mastitis can occur from the beginning of the first lactation until the culling (or death) of the cow. Depending 
on its severity, this disease can modify milk production, both in quantity and in composition. These 
situations are described in paragraph 2.2.3.1.1.1.3 IMI consequences. 

2.2.2.1.2.10 Ketosis effect on dairy production 

When ketosis occurs, it alters milk production, both in quantity and composition. This situation is described 
in the paragraph 2.2.3.2.1.1.3.2 Impact of ketosis on milk production performance. 

2.2.2.1.2.11 Limping effect on dairy production 

When limping occurs, it alters milk production, both in quantity and composition. This situation is 
described in the paragraph 2.2.3.3.1.1.3.2 Impact of limping on milk production performance. 

2.2.2.1.2.12 Quarter loss 

When one quarter of the udder is dry (for example following a severe case of mastitis, see paragraph 
2.2.3.1.1.1.3.2 Important decrease in milk production), the udder production is reduced by 20% (ECOMAST), 
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which amounts to slightly increase the theoretical quantity of milk produced by each of the healthy quarters 
of the udder, according to the following equation: 

ὓ

ρ
τ
πȢς

σ
ḙ πȢπρφχ 

2.2.2.1.2.13 Feeding 

In this chapter milk production is calculated on the basis that the cow is fed in a balanced way. During 
production peak, it may be necessary to give some concentrate in addition. This method is detailed in 
paragraph 2.2.6.2.2 Production concentrate diets. 

2.2.2.1.2.14 Daily hazard 

A hazard is applied to the daily milk production. This hazard meets the following character: 

Criterion Distribution 
Quantity Uniform (+ or ï 2kg)  

FC N (0 ; 1.25) 
PC N (0 ; 0.5) 

SCC N (0 ; 0.1) 
Table 28: Daily hazard on milk performance 

2.2.2.2 Parameters for lactating farmer management 

Different parameters allow the user to define the management rules related to lactation. 

2.2.2.2.1 Drying-off 

The simulator offers to the user to decide the drying period duration (see paragraph 2.2.2.1.1.4 Basic lactation 
duration ï drying-off programming). By default, this duration is set to 60 days. 

In the same way, the decreased amount of milk produced per day during a period of 7 days to automatically 
decide the drying-off is configurable. The default value is 5 kg. 

2.2.2.2.2 Milking frequency 

The simulator offers different daily milking frequencies: 

- once a day, 
- twice a day (default value), 
- above twice a day, 

This option may affect the amount of milk produced (see paragraph 2.2.2.1.2.7 Milking frequency). 

2.2.2.2.3 Minimum lactation stage for delivered milk 

A legal lactation stage must be respected before the milk is considered marketable (see paragraph 2.2.2.1.1.5 
Milk destination). The default value applied by the simulator is a six-day delay. However, the experimenter has 
the possibility to set this value to decide on a different number. 

2.2.2.3 Data produced 

The data produced concern milk deliveries, side locks and monthly test-day results. 

2.2.2.3.1 Milk delivery to a dairy 

Production type: monthly. 

Information level: Herd. 

Result file name: « DeliveredMilk.csv » 
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This data represents the monthly assessment of milk production (sum of the daily dairy production) for the 
herd. This production is reduced by calves' milk consumption, if this option is to be chosen (see paragraph 
2.2.6.2.1.1 Unweaned cal). 

The available fields are: 

Field name Format Value 
Date Date (*) Monthly test-day date 

Liter_quantity real Monthly delivered milk quantity 
(liters) 

Liter_FC real Monthly average FC in milk (g/l) 
Liter_PC real Monthly average PC in milk (g/l) 
SCC (**) real Monthly average SCC in milk 

(1000/ml) 
Campaign Campaign (*) Campaign involved 

Table 29: Data structure of monthly results of delivered milk 

(*) See Table 2: Type data formats page 12. 

(**) Obtaining the SCC value is detailed in paragraph 2.2.3.1.1.1.3.1 Increase in somatic cell count. 

2.2.2.3.2 Spread and discarded milk 

Production type: monthly. 

Information level: Herd. 

Result file name: « DiscaredMilk.csv » 

This data represents the monthly assessment of discarded milk (sum of the daily quantities of milk actually 
discarded) for the herd. This result takes into account the possible consumption of discarded milk by calves, 
if this option is to be chosen (see paragraph 2.2.6.2.1.1 Unweaned cal). 

The available fields are: 

Field name Format Value 
Date Date (*) Monthly-test day date 

Liter_quantity real Quantity of milk discarded in the month 
(liters) 

Campaign Campaign (*) Campaign involved 

Table 30: Data structure of monthly results of discarded milk 

(*) See Table 2: Type data formats page 12. 

2.2.2.3.3 Performance estimation by monthly test-day 

Production type: monthly (on the fifth of the month). 

Information level: Herd. 

Result file name: « MilkControls.csv » 

This data represents the result of dairy checks. Although in this case the cows are nevertheless considered to 
be in lactation, discarded milk (colostrum, mastitis...) is excluded from the composition control. 

The available fields are: 
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Field name Format Value 
Date Date (***) Monthly test-day date 

Herd_cow_count integer Number of cows in the herd 
Milking_cow_count integer Number of milking cows in the herd 

Average_milk_quantity_cow real Average milk quantity per milking 
cows (checked) the monthly test-day 

(kg) 
Average_lactation_stage integer Average lactation stage of the cows 

that arenôt dried up (days) 
Average_FC real Average milk FC of the day (g/kg) 
Average_PC real Average milk PC of the day (g/kg) 

Average_SCC (*) real Average SCC of the day (1000 
cellules/ ml) 

SCC_300_prevalence real 1 ïratio of milking cows whose SCC 
exceeds 300 000 c / ml on the 

monthly test-day 
SCC_300_incidence real  Incidence ratio for SCC threshold 

at 300 000 c / ml (**) 
Campaign Campaign (***) Campaign involved 

Table 31: Data structure of monthly test-day results 

(*) SCC represents milk aspect. This concept is detailed in paragraph 2.2.3.1.1.1.3.1 Increase in somatic cell count. 

(**) The incidence ratio is obtained by calculation BH / (BB + BH), with BH the number of milking cows whose milk SCC produced 
the previous month was less than 300 000 c / ml and whose SCC exceeded 300 000 c / ml on the monthly test-day, and BB that of 
milking cows whose milk SCC produced the previous month was less than 300 000 c / ml and who remained with an SCC less than 
300 000 c / ml on the monthly test-day. 

(***) See Table 2: Type data formats page 12. 
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2.2.3 Health 

This module deals with production diseases that can have an economic impact, both in terms of production 
loss and in terms of health costs related to their treatment. 

The two diseases that are implemented by the simulator and described in this chapter are mastitis (i.e. intra-
mammary Infections), ketosis and limping. 

2.2.3.1 Intramammary infection (IMI ) 

In the lactation phase, somatic cells are naturally present in the milk produced, at a limited concentration 
even if there is no infection. IMIs are infections caused by the proliferation of different types of bacterium. 
They impact the immune defence system of the cow, which has the effect of significantly increasing the 
concentration of these somatic cells in the milk. They can appear in the four quarters of the udder. These 
IMIs have consequences on the milk quantity produced by cows and on their reproduction. These 
consequences can go as far as cullinging the cow. Depending on their severity, IMIs may require treatment 
for recovery. 

2.2.3.1.1 Constant biological and technical values for IMI   

2.2.3.1.1.1 IMI description 

The chapterôs purpose is to describe the different types of mastitis, their severity level, their relation to the 
lactation stage, and their impact on milk production and animal health. 

2.2.3.1.1.1.1 IMI types 

The IMIs implemented by the simulator are of five different types, which makes it possible to take into 
account the diversity of the current epidemiological-clinical entities: 

Bacterium name Short name 
Staphylococcus aureus StaphA 
Streptococcus uberis StreptU 

Gram Negative bacterium G- 
Coagulase Negative Staphylococcus CNS 

Corynebacterium bovis CB 
Table 32: Bacterium responsible for IMI  

2.2.3.1.1.1.2 IMI severity levels 

When it occurs, each IMI  can begin as subclinical or clinical mastitis, varying in different severity levels, and 
with various frequencies. 

2.2.3.1.1.1.2.1 Definition of IMI  severity levels 

Severity levels were defined as follows: 

Name Definition 
G0 Subclinal IMI  
G1 IMI  with slight milk modification (clinical) 
G2 Local IMI  (clinical) 
G3 Systemic IMI  (clinical) 

Table 33: IMI  severity levels 
 

2.2.3.1.1.1.2.2 Severity levels by IMI type and by lactation stage/cow pregnancy stage at infection time  

Three degrees of severity can be differentiated according to the stage and lactation number of the cow 
(Robert-Briand, 2006). In the simulator, they are distributed as follows: 
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Lactation stage (*) 
Lactation number 

Primiparous 2 lactations 3 lactation et + 
Peri-partum and early lactation increased increased increased 

Lactation basic basic increased 
Dry period decreased increased increased 

Table 34: Modulation in IMI severity by lactation stage and rank 

(*) the duration of the periods is defined in paragraph 2.2.3.1.1.3.1 Periods at risk page 41. 

Thus, when the cow is infected, the IMI  initial severity (possibly increased or decreased) of the IMI is 
evaluated as follows:  

IMI ty pe 

Risk level (%) 
basic (decreased- increased) 

 
G0 G1 G2 G3 

StaphA 79 (81 ï 80) 16 (14 ï 10) 5 (4 ï 7) 0 (1 ï 3)  
StreptU 40 (40 ï 20) 27 (32 ï 15) 27 (27 ï 53) 6 (1 ï 12) 

G- 10 (10 ï 10) 37.5 (42.5 ï 25) 37.5 (42.5 ï 25) 15 (5 ï 40) 
CNS 90 (90 ï 90) 7 (9 ï 6) 2.5 (1 ï 3) 0. 5 (0 ï 1) 
CB 98 (98 ï 98) 1.5 (1.8 ï 1.3) 0. 3 (0.2 ï 0.4) 0. 2 (0 ï 0.3) 

Table 35: Risk levels according to IMI type and severity 

2.2.3.1.1.1.3 IMI consequences 

Depending on their type, IMI can have consequences on the production as well as on the cowôs health 
condition. 

2.2.3.1.1.1.3.1 Increase in somatic cell count 

IMI occurrence increases the concentration of somatic cells, so the SCC evolves in the following way 
(ECOMAST): 

IMI 
type 

Severity 
Decreased 

SCC 
(1000/ml) 

Increased 
SCC  

(1000/ml) 

StaphA 

G0 1320 3800 
G1 1000 27000 
G2 7700 47500 
G3 27000 55000 

StreptU 

G0 2760 6160 
G1 2000 260000 
G2 7500 47500 
G3 26000 55000 

G- 

G0 2430 6700 
G1 2500 26000 
G2 7500 47500 
G3 26000 55000 

CNS 

G0 530 2080 
G1 700 27000 
G2 7500 47500 
G3 27000 55000 

CB 

G0 310 1980 
G1 500 20000 
G2 6000 34000 
G3 20000 40000 

Table 36: IMI occurrence impact on quarter SCC  

This variability is implemented by the daily application of a uniform law delimited by the lowest and highest 
values thus determined, possibly cumulative if several mastitis (thus of different bacterium) simultaneously 
were to occur in the same quarter. 

According to the SCC resulting from the IMI, the quarter milk can be dismissed by the farmer. The strategy 
implemented under these circumstances is detailed in paragraph 2.2.2.1.1.5 Milk destination. 
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2.2.3.1.1.1.3.2 Important decrease in milk production 

The quantity of milk produced naturally reduces with the increase in somatic cell count (see paragraph 
2.2.2.1.2.8 Somatic cell count). With regard to clinical mastitis, milk production loss during the severe phase 
is specifically modified in the following way (Robert-Briand, 2006): 

IMI 
type 

Severity 

Milk loss in the quarter  

Highest 
loss (%) 

Lowest 
duration 

(j) 

Highest 
duration 

(j) 

StaphA 
G1 20 

8 10 G2 40 
G3 75 

StreptU 
G1 25 

5 10 G2 40 
G3 75 

G- 
G1 1 

5 15 G2 4 
G3 110 (1) 

CNS 
G1 0 

2 10 G2 40 
G3 60 

CB 
G1 20 

2 10 G2 40 
G3 60 

 
Table 37: Consequences of IMI clinical cases on quarter milk production 

The variability of a mastitis duration is implemented by the application of a uniform law delimited by the 
decreased and increased values thus determined. This is also the case for the variability of the percentage of 
milk loss associated with it. If the quarter has multiple infections (i.e. different bacterium), the highest 
percentage of milk loss will be applied. 

In extreme cases of G3 severity mastitis, a permanent loss of the quarter may be possible. It is represented the 
following probabilities: 

IMI 
type 

Probability of quarter 
permanent loss (%) 

StaphA 2 
StreptU 6 

G- 2 
CNS 2 
CB 1 

Table 38: Probability of quarter loss in G3 mastitis 

This eventual loss occurs at the expected end of the infection period and has an effect on milk production 
in the neighbouring quarters (see paragraph 2.2.2.1.2.10 Ketosis effect on dairy production 

When ketosis occurs, it alters milk production, both in quantity and composition. This situation is described 
in the paragraph 2.2.3.2.1.1.3.2 Impact of ketosis on milk production performance. 

2.2.3.1.1.2 Limping effect on dairy production 

When limping occurs, it alters milk production, both in quantity and composition. This situation is 
described in the paragraph 2.2.3.3.1.1.3.2 Impact of limping on milk production performance. 

Quarter loss). 

                                                           

1 The loss is total for the quarter, and impacts 10% of the neighbouring quarter 
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2.2.3.1.1.2.1.1 Mortality and culling risk related to G3 severity 

G3 severity IMI can have an impact on the animalôs fate according to the following probabilities (Robert-
Briand, 2006): 

IMI 
type 

Probability (%) 
Mortality Culling 

StaphA 2 2 
StreptU 1 1 

G- 5 8 
CNS 0 0 
CB 0 0 

 
Table 39: Mortality and culling risk related to G3 severity  

2.2.3.1.1.3 IMI incidence 

The occurrence or not of an IMI on a quarter of a given cow depends on the combination of a risk specific 
to the cow, its environment and the effectiveness of the prevention methods. Thus, the basic probability of 
IMI  onset depends on the incidence of mastitis on the udder per lactation cycle defined as a reference by the 
user (see paragraph 2.2.3.1.2.1 Basic incidence of quarter infection per lactation cycle), corresponding to the use 
of basic means of prevention. 

The udder of a cow (or of a heifer at the approach of the first calving) is likely to contract an IMI according 
to the following epidemiological model: 

 

Figure 13: IMI epidemiological model 

This model presented here is simplified. The dynamics of infection evolution applied for each quarter and 
for each type of bacterium is detailed in paragraph 2.2.3.1.1.5 Evolution and cure.  A quarter is likely to contract 
multiple IMIs simultaneously if they were to be caused by different bacterium. For each quarter, a refractory 
period of 7 days follows the occurrence of an IMI, preventing the appearance of a new infection. At the end 
of this period, the quarter is again exposed to IMI. Only one mastitis case can occur on a given day in 
neighbouring quarters. However, in case of several mastitis cases (for different bacterium) the least common 
disorder is considered. The ranking order is as follows (from least to most frequent): 

-     Gram Negative 
-     Streptococcus Uberis 
-     Staphylococcus Aureus 
-     Coagulase Negative Staphylococcus 
-     Corynebacterium Bovis 

The udder is considered infected by a bacterium when one of its quarters is in the infected state for this 
bacterium. 
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2.2.3.1.1.3.1 Periods at risk 

The risk of onset of the disease depends especially on biological periods and production activities, particularly 
those related to lactation (Robert-Briand, 2006). It therefore depends on the cowôs (re) productive periods, 
whose sequence and reference duration are defined as follows: 

 

Figure 14: Sequence and duration of (re)productive periods at IMI risks 

Notes : 

- The peri-partum period is also triggered during an abortion after the cow dried off, if it had caused a 
lactation (see paragraph 2.2.1.1.5.1 Late embryonic mortality and abortion). 

- IMI are simulated also for heifers 8 days before their first calving in the peri-parturm period conditions. 

According to the cowôs pregnancy/lactation stage, based on lactation after 305 days and a dry period of 60 
days (so for a cycle of 365 days), each IMI type occurrenceôs basic distribution is the following (ECOMAST): 

IMI  
type 

Periods 
Peri-partum and 

lactation beginning 
Lactation Drying-off Drying involuted 

StaphA 0.42 0.31 0.2 0.07 
StreptU 0.51 0.22 0.2 0.07 

G- 0.615 0.235 0.1 0.05 
CNS 0.825 0.025 0.1 0.05 
CB 0.3 0.55 0.08 0.07 

Table 40: Distribution of each IMI type occurrence according to pregnancy and lactation stage over a year 

Thus, relying on two Beta-Pert distributions with respectively a peak on the calving day and a lambda value 
of 10 for one, and a peak 5 days after drying-off and a lambda value of 4 for the other, the probabilities of 
IMI occurrences are distributed as follows: 

 

Figure 15: Distribution of each IMI type occurrence according to pregnancy-lactation stage over a year 
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2.2.3.1.1.3.2 Incidence risk modulation 

The risk of mastitis incidence can be modulated according to individual situations and husbandry conditions. 

2.2.3.1.1.3.2.1 Individual modulation of incidence risk  

2.2.3.1.1.3.2.1.1 Dairy production 

IMI incidence may change according to the amount of milk produced during a lactation. If milk quantity 
decreases, the risk is attenuated (Billon, 2015). On the contrary, during peak production, the risk increases: 

 

Figure 16: Risk factor for mastitis incidence according to milk production  

The threshold values of the udder production and of the afferent risk, depending on the bacterium studied, 
are defined in the following way (ECOMAST):  

IMI type 
Decreased risk Increased risk 

Production 
threshold (kg) 

Risk factor 
Production 

threshold (kg) 
Risk factor 

StaphA 25 0.50 50 1.5 
StreptU 25 0.45 50 2.0 

G- 25 0.45 50 1.8 
CNS 25 0.50 50 1.5 
CB 25 0.50 50 1.5 

Table 41: Risk factor values for mastitis incidence according to udder milk production and bacterium presence  

2.2.3.1.1.3.2.1.2 Lactation rank 

IMI incidence may be different depending on parity, it tends to increase throughout its productive life 
(Billon, 2015). In order to take this effect into account in the simulator, a risk factor related to this lactation 
rank is applied. Without distinction of bacterium type, this risk is determined in the following way 
(ECOMAST): 

Number of lactations Risk factor 

1 0.75 
2 1 
3 1 

4 et + 1.5 
Table 42: IMI risk depending on lactation rank 

2.2.3.1.1.3.2.1.3 Potential milk 

The milk potential influences IMI incidence during lactation phases. The more milk the cow is able to 
produce, the higher the risk of developing mastitis is (Billon, 2015). Therefore, the simulator applies a risk 
factor based on the following values, without distinction of bacterium type (ECOMAST): 

 Decreased risk Increased risk 
Potential milk 4000 kg 12000 kg 
Associated risk 0.8 2.5 

Table 43: IMI risk related to potential milk 
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The milk potential implemented here is the individual's corrected milk performance P, based on the 
corrected lactation production (cumulative over 305 days and adult level) of the breed, described in paragraph 
2.2.4.1.1 Genetic values associated with phenotypic traits. 

2.2.3.1.1.3.2.1.4 Individual character 

Individual susceptibility to mastitis is determined by the phenotypic trait "MACL", described in paragraph 
2.2.4.1.2 Individual genetic value. The principle adopted for its consideration at the simulation level is to apply 
to the risk the factor represented by the corrected performance of this phenotypic trait (see paragraph 
2.2.4.1.2.2 Individual potential in adult stage). 

2.2.3.1.1.3.2.1.5 IMI risk related to pre-existing SCC level  

Pre-existing high SCC in the udder may have a beneficial effect on the incidence of IMI during lactation. 
Conversely, a low level may favour its appearance (Billon, 2015). The simulator produces these effects by 
applying a risk factor based on the following values (ECOMAST):  

IMI type 

Risk factor 

SCC < 75 (1000/ml) 
SCC  75 (1000/ml) 

and 
SCC  750 (1000/ml) 

SCC > 750 (1000/ml) 

StaphA 1 1 0.8 
StreptU 1 1 0.8 

G- 1.1 1 0.8 
CNS 1 1 0.8 
CB 1 1 0.8 

Table 44: Risk factor values for mastitis incidence according to the pre-existing level of SCC 

2.2.3.1.1.3.2.1.6 Quarter interdependence 

The risk of mastitis occurring in one area is increased by the presence of mastitis of the same type (same 
bacterium) on another area of the udder. These complementary risk factors are defined in the following way 
(ECOMAST): 

IMI 
type 

Risk 
factor 

StaphA 3.2 
StreptU 3.2 

G- 3.2 
CNS 3.2 
CB 3.2 

Table 45: IMI risk related to quarter interdependence  

2.2.3.1.1.3.2.1.7 Ketosis 

The occurrence of ketosis increases a cow's susceptibility to mastitis. The modalities of this increase are 
defined in paragraph 2.2.3.2.1.1.3.3 Effect of ketosis on susceptibility to mastitis. 

2.2.3.1.1.3.2.1.8 Limping 

The occurrence of limping increases a cow's susceptibility to mastitis. The modalities of this increase are 
defined in paragraph 2.2.3.3.1.1.3.3 Effect of limping on susceptibility to mastitis. 

2.2.3.1.1.3.2.1.9 Specific preventive action implemented for the cow benefit 

The software makes it possible to simulate the benefit of specific preventive actions carried out for the cowôs 
benefit on the probability of contracting mastitis. The following table is used to define the factor applied to 
the current probability of mastitis occurrence according to one measure implemented to the cow: 
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Action modality 
Period 

involved 
Local 

context 

Specific factor related to 
severity 

Severity Factor 
Use of teat sluttersé 

as a replacement Drying-off 
(*) 

All G0 
0.66 

as a supplement 
é of antibiotic treatment for dryed-off cows 

0.60 

Table 46: Factor applied to the current likelihood of mastitis occurrence depending on the specific individual preventive 
measure implemented 

(*) only during « Dry off » period of the Figure 14: Sequence and duration of (re)productive periods at IMI risks. 

Management option for the particular individual mastitis prevention action available to the experimenter is 
described in paragraph 2.2.3.1.2.5 Prevention measure at individual level. 

2.2.3.1.1.3.2.2 Modulation of the incidence risk related to herd management 

2.2.3.1.1.3.2.2.1 Seasonal risk (housing effect) 

Depending on the season, mastitis incidence increases (or even decreases). The simulator reproduces this 
effect by taking into account a factor that modulates the probability of mastitis occurrence depending on the 
simulation month and the bacterium studied. This configurable factor is described in paragraph 2.2.3.1.2.3 
Seasonal impact on IMI incidence. 

2.2.3.1.1.3.2.2.2 Specific preventive actions implemented at herd level  

The software simulates the benefit of specific preventative actions at herd level on the likelihood of cows 
contracting mastitis. The following table is used to define the factor applied to the current probability of 
mastitis occurrence according to the measures implemented: 

Action modality 
Period 

involved 
Local 

context 

Specific factor related to 
severity 

Severity Factor 

Cleaning of teats with use of surgical spirit swab 
Milk 

production 
Indoor  G0 0.71 

Outdoor G0 0.69 

Always chopped straw in early dry period 
Drying-off 

(*) 
Indoor G0 0.69 

Cows remain standing at least 30 mn after DCT 
administration 

Drying-off 
(*) 

Indoor G1 to 3  0.70 

Cubicle bedding disinfection in early dry period 
Drying-off 

(*) 
Indoor G1 to 3 0.64 

Pasture rotation remain without cows for > 4 weeks All Outdoor 
G0 0.64 

G1 à 3 0.32 
Access to housed lying area while grazing All Outdoor G0 1.63 
All inside bedding materials storage All Indoor G0 0.79 
Transitional yard area/ 1,000 kg milk production > 
1.25m² 

Milk 
production 

Indoor G0 0.83 

Cleaning of calving pens é 
daily  Indoor peri-partum (**) G1 to 3 

0.62 

less than once a day 0.61 

Table 47: Factor applied to the current likelihood of mastitis occurrence depending on the specific preventive measures 
implemented at the farm level 

(*) only during « Dry off » period of the Figure 14: Sequence and duration of (re)productive periods at IMI risks. 

(**) indoor housing is used for gathering the cows about to be calved (early peri-partum period), which they leave after calving. 

Operator's options or mastitis-specific actions are described in paragraph 2.2.3.1.2.6 Prevention measures at 
herd level. 
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2.2.3.1.1.3.2.2.3 Batch contagion 

Mastitis presence in a batch can have a contagion effect to the whole batch. Therefore, the simulator makes 
it possible to define, by bacterium, the relation between the number of cases encountered over the last seven 
days, at the scale of a quarter, and the incidence of the simulated day, by taking into account a factor f used 
as follows: 

f = 1 + <contagion effect> * <prevalence of the previous week> 

The effect per bacterium is defined as such (Billon, 2015): 

Bacterium 
Contagion 

effect 
StaphA 0.15 
StreptU 0.08 

G- 0.05 
CNS 0.10 
CB 0.15 

 
Table 48: IMI contagion effect in the batch 

The local history of infections is reset each time the batch moves from grazing to Indoor or from Indoor to 
grazing. 

2.2.3.1.1.4 IMI detection 

The clinical IMI of G2 severity to G3 is systematically detected, however it is not necessarily the case of G1 
severity IMI. The sensibility of mastitis detection for those levels can be modified, it is described in paragraph 
2.2.3.1.2.2 Sensitivity detection of low-severity clinical mastitis. 

2.2.3.1.1.5 Evolution and cure 

The evolution dynamics of a quarterôs infection by a bacterium type is defined according to the following 
model: 

Figure 17: IMI evolution dynamics 
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2.2.3.1.1.5.1 Spontaneous cure 

While cure usually requires treatment, it can be spontaneous (Billon, 2015). 

2.2.3.1.1.5.1.1 Basic spontaneous cure 

Subclinical IMIs, if they do not turn into clinical mastitis (see paragraph 2.2.3.1.1.5.2.1 Clinical recurrence of 
persistent subclinical infection), always heal spontaneously. A G1 severity IMI, if it has not been detected, will 
not benefit from the appropriate medical treatments. It can nevertheless heal spontaneously under the 
following conditions: 

IMI type 
During lactation 

(from peri-partum until 
drying-off) 

At drying-off 
 

Dry period 

StaphA 0.2 0.35 0.2 
StreptU 0.3 0.45 0.3 

G- 0.9 0.9 0.9 
CNS 0.2 0.7 0.65 
CB 0.2 0.6 0.5 

Table 49: Baseline rate of spontaneous cure of a G1 seriousness IMI not detected according to the pathogen  

2.2.3.1.1.5.1.2 Cure induced by the cure of a new infection in the quarter 

Mastitis cure (caused by a bacterium) that occurs after a mastitis already on the quarter (so due to another 
bacterium) can trigger the cure of the latter. The survival probability of pre-existing mastitis in this case is 
determined under the following conditions (ECOMAST): 

Current healed 
IMI  

Pre-existing IMI  in the quarter 
StaphA StreptU G- CNS CB 

StaphA  1.0 0.5 0.5 0.5 
StreptU 1.0  0.5 0.1 0.3 

G- 1.0 1.0  0.1 0.3 
CNS 1.0 1.0 0.5  0.7 
CB 1.0 1.0 0.5 0.7  

Table 50: Probability of pre-existing mastitis during the cure of a previous mastitis 

For G3 severity mastitis, they will heal according to this modality only if it was expected that they heal. This excludes 
those for which a quarter loss, a culling or a mortality was foreseen (see paragraph 2.2.3.1.1.1.3.2 Important decrease 
in milk production and paragraph 2.2.3.1.1.2.1.1 Mortality and culling risk related to G3 severity). 

2.2.3.1.1.5.1.3 Individual modulation of spontaneous cure 

é 

2.2.3.1.1.5.2 Mastitis worsening 

Under certain conditions, mastitis may worsen. This may be the case of a persistent subclinical mastitis or 
an undetected G1 severity mastitis. 

2.2.3.1.1.5.2.1 Clinical recurrence of persistent subclinical infection 

Persistent subclinical infections are at risk of clinical recurrence, the probability of which is defined as follows 
(ECOMAST): 

IMI 
type 

Probability (%) 

StaphA 30 
StreptU 60 

G- 90 
CNS 10 
CB 0 

Table 51: Clinical recurrence of persistent subclinical infection depending on bacterium type 
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Thus, at the end of the period initially defined for each G0 severity mastitis, a random draw is carried out, 
making it possible to determine whether the mastitis has worsened (thus becoming G1 severity) or if it has 
been the subject of spontaneous cure. 

2.2.3.1.1.5.2.2 Worsening of undetected clinical mastitis 

When a G1 severity mastitis is undetected (see paragraph 2.2.3.1.2.2 Sensitivity detection of low-severity clinical 
mastitis), it evolves in 10% of the cases and after 2 days in a G2 severity. Otherwise, if it does not heal 
spontaneously (see paragraph 2.2.3.1.1.5.1.1 Basic spontaneous cure), it evolves to subclinical mastitis after one 
week.  

2.2.3.1.1.5.3 Cure following farmer-given treatments 

When an IMI is detected, it is systematically subjected to a treatment provided by the farmer. The 
effectiveness of this treatment will be different according to the mastitis treatment plan that will be 
implemented and the individualôs character. Medical treatment is provided as soon as clinical mastitis is 
detected. This treatment is carried out over a given period of time and its effects may require a certain delay, 
which generally leads to not marketing the milk of the infected udder, during treatment but also beyond. 
Other mastitis (including subclinical) present in the quarter also benefit from the treatment caused by the 
detection of clinical mastitis, under the same conditions as those set in the treatment plan. 

Under certain conditions, this treatment may have a protective effect against the occurrence of new mastitis, 
regardless of the bacterium. This eventual effect is applied as soon as the treatment is taken. 

The criteria for defining treatments are configurable according to the procedures described in paragraph 
2.2.3.1.2.4 Treatment plans. 

2.2.3.1.1.5.4 Relapses 

The probability of a clinical relapse of persistent (unhealed) mastitis is defined, depending on the pathogen, 
as follows (Robert-Briand, 2006): 

Pathogen 
Relapse 

probability 
(%) 

StaphA 50 
StreptU 50 

G- 10 
CNS 10 
CB 10 

Table 52: Pathogen-related relapse probability 

This probability corresponds to the potential risk of clinical relapse in the 245 days following the start of an 
untreated IMI (G0 and G1 severity not detected) but healed spontaneously. It is simulated according to a 
beta law shifted to the left (Ŭ = 2, ɓ = 4) so that the probability of relapse is maximal within 60 days post IMI. 
This relapse is effective only if the affected area is susceptible to this mastitis at the scheduled time. 

2.2.3.1.2 Parameters for IMI management 

Various parameters enable the user to change breedingôs sanitary conditions, according to the simulationôs 
needs. 

2.2.3.1.2.1 Basic incidence of quarter infection per lactation cycle  

The simulator implements a factor (default value is 1.0) defining the basic level of mastitis risk during a 
reference lactation cycle (see paragraph 2.2.3.1.1.3.1 Periods at risk) or a nominal milk production and without 
the use of the specific prevention methods proposed to the user (see below). The user is able to modify the 
value of this factor which will allow him to simulate an increased (value > 1.0) or reduced (value < 1.0) risk. 
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2.2.3.1.2.2 Sensitivity detection of low-severity clinical mastitis 

The experimenter has the possibility of setting the probability of detection by the farmer of G1 clinical 
mastitis. The default value is 50%. 

2.2.3.1.2.3 Seasonal impact on IMI incidence 

The experimenter can define the seasonal impact on IMI incidence. It assigns a factor that decrease or 
increase the basic value (neutral value equal to 1) for each bacterium and each month of the year. 

In order to highlight the increase in IMI incidence in summer and winter for certain bacterium, the default 
values proposed by the simulator were defined as follows (ECOMAST):  

 

IMI 
type 

Worsening factor 
Summer 

(from july to 
august) 

Winter 
(indoor period, from 
december to february) 

Rest of the 
year 

StaphA 1 1 1 
StreptU 1.2 1.2 1 

G- 1.5 1.5 1 
CNS 1 1 1 
CB 1 1 1 

Table 53: Defaults values for IMI incident change factors by seasons 

2.2.3.1.2.4 Treatment plans 

When a mastitis is detected by the farmer, a treatment follows. The plan applied in this case is configurable, 
its default values are as follows (Billon, 2015): 

 
Lactation period 

(peri-partum until drying-off) 
 

Drying-off and dry period 

Name Default wide range treatment Default AB BP treatment 
Delay before effect 

(d) 
2 1 

Waiting time milk 
(d) 

4 14 

Bacterium 
Cure 

probability 

Relative risk 
of protective 

effect 

Protection 
duration (d) 

Cure 
probability 

Relative risk 
of protective 

effect 

Protection 
duration (d) 

StaphA 0.45 0.00 0 0.65 0.589 72 
StreptU 0.70 0.00 0 0.92 0.586 72 

G- 0.95 0.00 0 1.00 0.895 72 
CNS 0.85 0.00 0 0.95 0.943 72 
CB 0.90 0.00 0 1.00 0.781 72 

Table 54: Default values of mastitis treatment plan according to the period and the bacterium  

Treatment costs are set in the accounting module (see paragraph 2.2.7.1 Accounting parameters). 

2.2.3.1.2.5 Prevention measure at individual level 

The simulator makes it possible to set up preventive one action that can be carried out at individual level. 
The options are: 

- Type of therapeutic product for dry cows: 
o antibiotic treatment alone (default value), 
o shutters alone, 
o antibiotic treatment and obturators. 

Unless the value selected is those defined by default, these options have an impact on mastitis occurrence 
probability (see paragraph 2.2.3.1.1.3.2.1.9 Specific preventive action implemented for the cow benefit). 
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2.2.3.1.2.6 Prevention measures at herd level 

The simulator makes it possible to set up various preventive actions that can be carried out at farm level. The 
options are: 

- Teat cleaning methods before each milking: 
o teat cleaning without use of surgical spirit swab (default), 
o teat cleaning using a surgical spirit swab. 

- Shredding straw in early dry period: 
o never chopped straw (default value), 
o always chopped straw. 

- Cows remain standing duration after DCT administration: 
o less than 30 minutes (default value), 
o more than 30 minutes 

- Cubicle bedding disinfection in early dry period: 
o not done (default value), 
o done. 

- Outdoor rotations: 
o Outdoor rest less than 4 weeks (default value), 
o Outdoor rest greater than or equal to 4 weeks. 

- Access to housed lying area while grazing: 
o no access (default value) 
o access. 

- Bedding material storage: 
o not always inside (default value), 
o always inside. 

- Transitional yard area/  1,000 kg milk production: 
o less than 1.25m² (default value), 
o more than 1.25m². 

- Cleaning of calving pens: 
o after each calving (default value), 
o daily, 
o less frequently than once a day. 

Unless the values selected are those defined by default, these options have an impact on mastitis occurrence 
probability (see paragraph 2.2.3.1.2.6 Prevention measures at herd level). 

2.2.3.1.3 IMI produced data 

IMI produced data are the estimation of teat health. 

Production type: annual (the last day of exercise) 

Information level: Herd. 

Result file name: « AnnualMastitisResults.csv » 

This data makes it possible to know the mammary health of the herd, on the basis of the observation of 
clinical mastitis detected and the average of the present cows. 

The available fields are: 
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Field name Format Value 
Herd_cow_average integer Average of the number of cows in 

the herd (*) 
Clinical_mastitis_per_100_cows integer Number of clinical cases occurring 

for 100 cows present (**) 
First_clinical_mastitis_per_100_cows integer Number of first clinical cases of a 

cow occurring for 100 present cows 
Herd_SCC integer SCC average 

(1000 cells /  ml) (***) 
Under_300_SCC_per_100_controls integer Percentage of SCC controls not 

exceeding 300 000 cells /  ml (****) 
Campaign Campaign (*****) Campaign involved 

Table 55: Structure of annual outcome data for clinical mastitis 

(*) Average of the number of cows present at the monthly dairy checks. 

(**) Severity G1 (theoretically clinical) mastitis that has not been detected is not counted here. 

(***) Average SCC measured during monthly dairy checks. 

(****) Records at monthly dairy checks. 

(*****) See Table 2: Type data formats page 12. 
































































































