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• Monte Carlo method refers to any method that makes use of random 
numbers

• Monte Carlo simulation process methods
• Compare a random draw from the uniform distribution U(0,1) to the 

probability of an event occurring
• Select a random draw from a known distribution of animal attributes and 

assign the value to the instantiation of an individual animal
• Iterations are need for the Monte Carlo simulation to obtain output 

distributions
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Lactation curve

Reproduction programs 

Culling events 

Bodyweight change  
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Wood’s lactation curve model:

Wisconsin, Holstein, 2016 
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Dairy Cattle Reproduction Council, 2018
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• 3 culling types: reproductive, health, and death
• Reproductive

• Heifers: happens when non-pregnant heifer reaches to user-defined 
culling age

• Cows: happens when milk production drop below user-defined 
benchmark for marked ‘do-not-breed’ cows
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• Health (adopt from Kalantari et al., 2016)
• lameness, injury, mastitis, udder problems, other diseases, or unknown causes 
• Random 1 ~ U(0,1) compare with parity specific thresholds - determine whether to cull 

in this parity 

• Random 2 ~ U(0,1) compare with reverse distribution - determine which reason for this 
animal to be culled in this parity

• Random 3 ~ U(0,1) compare with reverse distribution of lactation length- determine in 
which day of this culling will occur in this parity

• Death
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Parity 1 Parity 2 Parity 3 Parity > 3

Threshold 3.9% 5.6% 8.5% 11.7%

Parity 1 Parity 2 Parity 3 Parity > 3

Threshold 16.9% 23.3% 30.1% 40.8%



Where

For calf:

For heifer:
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For cow:

Conceptus growth (kg/d) — same as heifer
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• Created through the regular simulation process 
• Simulates a large number of animals
• The core status information and life history of each animal at the end of the 

simulation are stored in the database
• Goal: to reduce the time for the simulation to reach a steady-state by 

initializing the herd with animals of different ages, stages in pregnancy, DIM, 
and parities

16



Calves Heifers I Heifers II Heifers III Replacement 
market  Cow 
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• Identify the time when a steady-state is reached with a limit on the coefficient 
of variation to be below 10% for 30 days for all the indicators 

• We used cow age, 1st/2nd lactation cow percentage, milking cow 
percentage, pregnant cow percentage, and culling rate as indicators 

• The date of reaching overall steady state is defined as the latest date for the 
last indicator reached steady state 

• The Net Return (NR) is calculated for 365 d since overall steady state date
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Steady state reached around 3000 d, 
Galvão et al., 2013

Steady state reached around 700 d, 
Example from RuFaS 
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1.01%

-1.01%

Herd size = 1000, number of iterations  > 6

To determine the number of replications needed:

1. Calculate the NR for each of the 100 replications

2. Randomly select k values of the NR and take the 
average 20 times where k = 1-100

3. Plot the 20 average NR against the value of k
4. Plot Horizontal lines for the (i) overall average, (ii) 

+/- 1% of the overall average

5. The selected value for R is the smallest value of k
when most of the NR points are within +/- 1% of 
the mean

NR
$/yr

k, number of iterations randomly selected 
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• We investigated how the interaction between different reproductive 
management programs with relatively similar overall reproductive performance 
affected herd performance and profitability

• We compared how re-inseminating cows after a Double-Ovsynch protocol 
using either Ovsynch or ED + Ovsynch influenced farm outcomes
✦10 scenarios were compared that ranged from minimal to high hormonal 

manipulation for both heifers and lactating cows
✦All analyses were conducted with outputs from a simulated dairy herd of 

1,000 adult cows and their corresponding calves and heifers. 
✦Simulated 7 yrs for 30 iterations 
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Variables related to cost Value Unit

Feed 

Calves 0.02 $/kg BW
Heifers 0.0068

Lactating cow
Dry cow

Hormone + labor
CIDR 12.27 + 0.26

$/treatmentGnRH 1.6 + 0.23
PGF 2.06 + 0.23

Heat watch Labor 0.11 $/d
Semen Conventional 15 $/straw

AI Labor 10 $/AI
Pregnancy check Labor 4.37 $/diagnosis

Replacement heifer Purchase 1,500 $/head

Variables related to income Value Source 

Calf
Male Holstein 50

$/ headFemale Holstein 120

Culled 

Heifer 487

Cow 1.49 $/ kg liveweight

Milk 0.35 $/ kg
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Time Average age at
T1 Birth

T2 Wean 

T3 Heifer pregnant

T4 1st Calving

T5 Cow pregnant

T6 2nd Calve 

T7 Cow pregnant

T8 3rd Calve 

T9 Cow pregnant

T10 Culled as a cow 
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• The use of beef semen with sexed dairy semen has become a popular 
management choice in the dairy industry in recent years 

• Improved reproductive performance, causing an oversupply of heifers   
• The beef cattle demand projected to remain high in the next ten years 
✦An arbitrary and randomly assigned attribute was added
‣ modified each animal’s baseline production level and determined the 

ranking system 
‣ a random draw from N(1.0, 0.1) within the range of (0.8, 1.2) to indicate 

the animal’s relative production level amongst the original herd



Heifer 1st lactation cow 2nd lactation 
cow

C-h Conventional 

SB-h Sexed Top 45% Sexed Top 10% Sexed

SCB-h Sexed
Top 25% Sexed,

next top 25%
Conventional

Top 35% 
Conventional  

SCB-h2 Sexed
Top 25% for 3 AI Sexed, 
following AI and next top 

25%, Conventional 

Top 35% 
Conventional 

Heifer 1st lactation cow 2nd lactation 
cow

C-m Conventional 

SB-m Sexed Top 45% Sexed Top 15% Sexed

SCB-m Sexed
Top 25% Sexed,

next top 30%
Conventional 

Top 35% 
Conventional  

SCB-m2 Sexed
Top 25% for 3 AI Sexed, 
following AI and next top 

30%, Conventional 

Top 35% 
Conventional  
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*C: conventional semen; S: sexed semen; B: beef semen; h: high reproductive; m: moderate reproductive



Scenarios
Mean 

pregnancy 
rate (%)

Estimated milk 
production (kg/ cow 

per yr)

Average 
parity

Average calving 
interval (d)

Average days in 
milk (d)

Average 
culling rate 

(%)

C-h 28.4(0.8) 12,630(70.6) 2.36(0.05) 397.1(2.5) 172.5(3.6) 38.4(1.9)

SB-h 26.4(0.9) 12,992(69.7) 2.34(0.05) 399.7(2.7) 175.0(3.7) 38.5(1.6)

SCB-h 27.4(1.0) 12,985(86.9) 2.35(0.05) 398.4(2.8) 173.7(4.2) 38.6(2.2)

SCB-h2 27.5(1.0) 12,933(73.5) 2.36(0.05) 398.8(1.9) 173.7(3.8) 38.1(1.7)

C-m 24.5(0.9) 12,606(95.4) 2.30(0.05) 402.2(2.5) 177.3(3.5) 38.7(1.7)

SB-m 22.5(0.8) 12,979(72.2) 2.28(0.05) 405.5(2.8) 180.4(4.3) 39.0(1.7)

SCB-m 23.6(0.9) 12,942(81.2) 2.29(0.05) 403.8(2.5) 178.1(4.1) 39.1(1.7)

SCB-m2 23.7(0.8) 12,940(80.5) 2.30(0.05) 403.7(2.6) 178.0(4.5) 38.8(1.7)
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Scenario
s

Income ($/cow per yr) Cost ($/cow per yr) Net Return 
($/cow per 

yr)Milk Slaughter Heifer Calf Feed Breeding Semen Rearing Fixed

C-h 4,673 332 70 36 1,353 52 35 890 913 1,867

SB-h 4,807 334 71 133 1,352 56 62 931 913 2,027

SCB-h 4,805 335 73 122 1,351 55 57 930 913 2,023

SCB-h2 4,807 331 71 123 1,354 56 58 924 913 2,024

C-m 4,664 337 70 35 1,350 55 38 905 913 1,840

SB-m 4,802 340 73 126 1,349 59 68 956 913 1,992

SCB-m 4,789 340 72 112 1,347 59 62 962 913 1,969

SCB-m2 4,788 338 72 115 1,350 59 62 951 913 1,973
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Scenarios

Holstein female calves raised
Holstein 
female 

calves sold

Holstein 
male 

calves sold

Crossbred 
calves sold

Heifer
culled

Springers 
soldFrom sexed semen From conventional 

semen

C-h 0 436(17) 70(8) 576(19) 0 7.4(2.6) 50.6(20.3)

SB-h 453(16) 0 0 49(7) 574(15) 17.5(4.5) 50.2(18.1)

SCB-h 386(19) 69(7) 0 119(13) 509(13) 17.5(4.0) 49.9(24.5)

SCB-h2 379(17) 67(7) 0 119(13) 512(15) 17.1(4.2) 50.2(21.5)

C-m 0 439(17) 60(7) 564(18) 0 11.0(3.5) 49.5(21.4)

SB-m 461(17) 0 0 51(8) 543(15) 23.3(4.7) 50.2(22.2)

SCB-m 387(16) 80(7) 0 132(13) 463(17) 22.9(3.8) 50.9(19.4)

SCB-m2 387(16) 74(7) 0 126(15) 475(15) 22.9(4.6) 49.6(20.9)
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Conventional
semen

Sexed/beef 
semen
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Thank you!


