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Dynamic dairy farm model
Whole dairy farm simulation 
and optimization model

Outline 
120 minutes

UW-DairyRepro$Plus
A tool to analyze 
reproductive management 
programs Dairy reproductive 

economic analysis
A reproductive performance 
analysis tool

Reproductive benefits
Gains from improved 
reproductive efficiency



Reproductive benefits



Selective culling
Better capacity for selection

Gains from reproduction
Important economic factors

Reproductive costs
Decreased

Culling
Less losses

Calves
More offspring

Milk
More productivity



Milk and reproduction
Follow the lactation curve

Pregnant @ 200 d = 8,154 kg/yr

Pregnant @ 60 d = 8,370 kg/yr +216 kg/yr



Calves and reproduction
Improved offspring

Calve Calve Calve 
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Calve 

57 

Calve Calve Calve 

28 43 58 

60 
months 

BORN 

60 
months 

Produces 4 Calves  

Produces 3 Calves  

One more calf in 60 months life expectancy



Selective culling
Opportunity to retain best cows

Selective 

Non-Selective 



Reproductive culling
Higher survival if pregnant

8%
15%



Involuntary culling
Higher risk late in lactation
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Reproduction costs
How long take a cow become pregnant

PGF GnRH 

HD 
GnRH PGF 

HD 
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Reproductive events

Reproductive costs



Dairy reproductive analysis



Dairy reproductive analysis
Analyses of overall performance

Markov-chain model
Simulates dairy herd and 
replacements for 9 
lactations

Transition probabilities
Drive model dynamics from 
one state to the next 
according to stages (time)

Steady state
Equilibrium at which herd 
dynamics don’t change 
more

Measures net return 
Response to reproductive 
performance



The model
Markov-chains to steady state
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Dairy reproductive 
economic analysis

http://dairymgt.info/markov/reader.php
http://dairymgt.info/markov/reader.php
http://dairymgt.info/markov/reader.php
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Dairy reproductive analysis
Net return of reproductive performance
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Dairy reproductive analysis
Net return of reproductive performance

Program
21-d 

Pregnancy 
Rate

Reproductive 
cost                

$/cow per mo

Net return
$/cow per yr

Current

Alternative

20 20 1,749

25 20 1,825

$76/cow per year
Gain for improving 21-d Pregnancy rate from 20 to 
25%



Dairy reproductive analysis
Net return of reproductive performance
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Dairy reproductive analysis
Important economic factors
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Dairy reproductive analysis
Net return according to herd structure

Cow population

Cows 
leaving

Economic 
Factors



Dairy reproductive analysis
Net return according to herd structure

Own farm data

Information
Analysis

Video 
demonstration



Dairy reproductive analysis
An application

Giordano et al. (2012)

TAI=Timed AI; ED=Estrus detection; CR= Conception rate

http://dairymgt.info/publications/2012_JDS_Giordano.pdf
http://dairymgt.info/publications/2012_JDS_Giordano.pdf
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UW-DairyRepro$Plus



UW-DairyRepro$Plus
Analyses of reproductive programs
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http://dairymgt.info/markov/reader.php


UW-DairyRepro$Plus
Analyses of reproductive programs

The reproductive value
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UW-DairyRepro$Plus
Analyses of reproductive programs

The reproductive value
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UW-DairyRepro$Plus
Decision support tool



UW-DairyRepro$Plus
Input data

Herd



UW-DairyRepro$Plus
Input data

Economics



UW-DairyRepro$Plus

Lactation curves

Input data



UW-DairyRepro$Plus
Detailed definition of reproduction

Reproductive programs



UW-DairyRepro$Plus
Define reproduction performance

Reproductive programs



UW-DairyRepro$Plus
Expected performance 1st service



UW-DairyRepro$Plus
Expected performance 2nd+ services



UW-DairyRepro$Plus
Use of heat detection devices 

Activity monitors for heat detection

New!



UW-DairyRepro$Plus
Examine results



UW-DairyRepro$Plus
Examine results

Reproductive performance
6 

14 
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Expected change by switching to the 
ALTERNATIVE program 



UW-DairyRepro$Plus
Examine results

Reproductive performance
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UW-DairyRepro$Plus
Examine results

Economic difference of programs

$0.13 = $47/cow per year net gain



UW-DairyRepro$Plus
An investigation

A B C

1st Service

2nd+ Services

Voluntary waiting period, d

Interbreeding interval, d

CR at 1st service, %

CR at 2nd+ services, %

Double-OvSynchDouble-OvSynch Heat 
detection

ReSynch-
D32

Double-
OvSynch

Heat 
detection

82 82 50

42 49 21

45 45 33

30 39 30
Giordano et al. (2011)

http://dairymgt.info/publications/2011_JDS_Giordano.pdf
http://dairymgt.info/publications/2011_JDS_Giordano.pdf


UW-DairyRepro$Plus
Economic results
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UW-DairyRepro$Plus
Reproductive results

A B C

1st Service

2nd+ Services

21-d PR, %
21-d SR, %
Average CR, %
Average days open, d
Projected CI, months

Double-OvSynchDouble-OvSynch Heat 
detection

ReSynch-
D32

Double-
OvSynch

Heat 
detection

22 25 15
62 60 50
38 42 32

131 136 151
14.1 14.0 14.9

Giordano et al. (2011)

http://dairymgt.info/publications/2011_JDS_Giordano.pdf
http://dairymgt.info/publications/2011_JDS_Giordano.pdf


UW-DairyRepro$Plus
Reproductive results
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A: Double OvSynch + D32 ReSynch
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C: Heat breeding + Heat breeding
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http://dairymgt.info/publications/2011_JDS_Giordano.pdf


UW-DairyRepro$Plus
Analysis

Giordano et al. (2011)

Larger marker 
=

Default value

http://dairymgt.info/publications/2011_JDS_Giordano.pdf
http://dairymgt.info/publications/2011_JDS_Giordano.pdf


UW-DairyRepro$Plus
Reproductive results

Giordano et al. (2011)

Impact of including
heat breeding
on TAI programs

http://dairymgt.info/publications/2011_JDS_Giordano.pdf
http://dairymgt.info/publications/2011_JDS_Giordano.pdf


Dynamic dairy farm model



Dynamic dairy farm model
Whole farm system approach

Cabrera et al. (2005)

http://dairymgt.info/publications/CEA05.pdf
http://dairymgt.info/publications/CEA05.pdf


Dynamic dairy farm model
Whole farm system approach

Cabrera et al. (2006)

http://dairymgt.info/publications/AEE2006.pdf
http://dairymgt.info/publications/AEE2006.pdf


Dynamic dairy farm model
Whole farm system approach

Adjust
Livestock 
Practices

Cabrera et al. (2005)

http://dairymgt.info/publications/CEA05.pdf
http://dairymgt.info/publications/CEA05.pdf


Dynamic dairy farm model
Whole farm system approach

Select 
crop 

practices

Cabrera et al. (2005)

http://dairymgt.info/publications/CEA05.pdf
http://dairymgt.info/publications/CEA05.pdf


Dynamic dairy farm model
Whole farm system approach

Anticipate
climate

Cabrera et al. (2005)

http://dairymgt.info/publications/CEA05.pdf
http://dairymgt.info/publications/CEA05.pdf


Dynamic dairy farm model
Whole farm system approach

Control
nutrient 
waste

Cabrera et al. (2005)

http://dairymgt.info/publications/CEA05.pdf
http://dairymgt.info/publications/CEA05.pdf


Dynamic dairy farm model
Applications for Florida farms

Cabrera et al. (2006)

http://dairymgt.info/publications/AEE2006.pdf
http://dairymgt.info/publications/AEE2006.pdf


Dynamic dairy farm model
Applications for Florida farms

Cabrera et al. (2006)

http://dairymgt.info/publications/AEE2006.pdf
http://dairymgt.info/publications/AEE2006.pdf


Dynamic dairy farm model
Applications for Florida farms

Cabrera et al. (2006)

http://dairymgt.info/publications/AEE2006.pdf
http://dairymgt.info/publications/AEE2006.pdf


Dynamic dairy farm model
Optimal & feasible practices

Crude protein in diet
Low Confined time 

Between 60 and 80%

Pasture rotation preferred
Bermudagrass-
bermudagrass-winter forage

Cabrera et al. (2006)

http://dairymgt.info/publications/AEE2006.pdf
http://dairymgt.info/publications/AEE2006.pdf


Dynamic dairy farm model
Optimal & feasible crops (ha)

La Niña Neutral El Niño

Corn-corn-winter forage

Bermudagrass-
bermudagrass-winter forage

Corn-bermudagrass-winter 
forage

Millet-corn-winter forage

9.19 8.46 8.71

6.25 6.77 6.46

9.01 8.56 8.63

3.87 4.54 4.53

Cabrera et al. (2006)

http://dairymgt.info/publications/AEE2006.pdf
http://dairymgt.info/publications/AEE2006.pdf


Dynamic dairy farm model
Risk of N leaching 

Cabrera et al. (2007)

Probability of N leaching beyond 10 mg/L threshold
with full season Bermudagrass (April-November)

http://dairymgt.info/publications/AEE2007.pdf
http://dairymgt.info/publications/AEE2007.pdf


Integrated Farm System Model
Process based

Adjusted from Rotz et al. (2012)
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Integrated Farm System Model
3 Wisconsin (85-cow) systems (preliminary)

Convent. Grazing Organic
Alfalfa, ha
Grass, ha
Corn, ha
Oats, ha
Soybean, ha
1st lactation cows, %
Milk, L/cow per year
Milk price, $/hL
Grazing strategy
Housing facilities
Manure storage

47.4 37.7 45.5
22.4 61.9 43.1
42.6 16.3 16.8
12.2 5 16
2.4 6.1 3.6
36 30 31

9,820 7,256 6,159
35.99 37.52 56.2

Older heifers, 
dry cows All animals All animals

Free stall Tie stall Tie stall
lined earthen No storage No storage



Integrated Farm System Model
3 Wisconsin (85-cow) systems (preliminary)

Convent. Grazing Organic
Milk, kg/ha
Grain bought, t DM
Soybean bought [sold] t DM

Total feed cost, $
Milk sales, $
Net return, $/cow
Net return, $/kg milk
CO2eq, kg/cow per d
CO2eq, kg/kg milk
CO2eq, kg/year

6,516 4,856 4,122
187 104 107
19 [12] [4]

182,124 134,133 149,744
297,834 231,384 294,179

281 170 696
0.0289 0.0234 0.1129
15.36 13.07 14.66
0.58 0.66 0.87

476,623 405,565 454,780



Integrated Farm System Model
Scenarios for conventional farm
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12-mo covered 
tank storage



Integrated Farm System Model
Scenarios for conventional farm
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Integrated Farm System Model
Scenarios for grazing farm
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Integrated Farm System Model
Scenarios for organic farm
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