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What is Dairy Farm Management?

• Making and implementing decisions for 

maximum (production) profit

• Decision are required at very different levels 

and planning horizons

• Relies greatly on agricultural economics and • Relies greatly on agricultural economics and 

subject to multiple restrictions

• Integrates biological, physical, and social 

sciences

• The significant unit of concern is the specific 

individual farm



A Wisconsin Dairy Farm
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14,000 Wisconsin Dairy Farms



The Dairy Management Cycle
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Enterprise Budgets
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Partial Budgeting
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Cost-Benefit Analysis

Costs and 

Benefits

Discount 

Rate (ß)
Decision 

Criterion

PV = FV/(1+ß/100)n NPV B/C ratio IRR

Year Strategy A Strategy B

Costs Benefits Costs Benefits

1 20 0 2 1

2 10 8 2 3

3 7 14 4 6

4 0 23 6 14

Interest Rate 5%

A B

NPV 14.72 9.6

B/C 1.39 1.60

IRR 23.90 >80



Decision Analysis

• Uncertainty is part of the decision 
process. Chances of outcomes can be 
included in the analysis

Mathematical Techniques

Payoff Matrices

Process Diagrams

Decision Trees



DA-Mathematical Techniques

Ai = Decision option (action)

Sj = State of nature

Pj = Probability of occurrence Sj
Vij= Value of outcome of option i and state j i (j) j ijMax EMV(Ai)=Max ∑(j)(PjVij)

i i 1 j 1 j i1 ijAi=f(Ai, S1…Sj, P1…Pj, Vi1…Vij)

Ai = Standard vs. Improved AI

A1=EMV(Insemination1; pregnant, 0; 0.16, 0.84; $5, $47)

A2=EMV(Insemination2; pregnant, 0; 0.25, 0.75; $15,$57)

EMV(A1)=0.16*5+0.84*47= $40.28

EMV(A2)=0.20*15+0.75*57= $45.75

i

Sj = Pregnant, Non-Pregnant

2Breakeven for (A2)= 0.4 



Payoff Matrices

Milk Price $/cwt

13.6 15.3 17.0 18.7 20.4

P() 0.1 0.1 0.1 0.4 0.3

Corn 6.10 0.1 741 1081 1421 1761 2101

Price 6.80 0.1 661 1001 1341 1681 2021

$/bu 7.60 0.2 581 921 1261 1601 1941$/bu 7.60 0.2 581 921 1261 1601 1941

8.30 0.3 501 841 1181 1521 1861

9.10 0.3 421 761 1101 1441 1781

Return to Labor ($/cow/year) 1,451



Process Diagrams
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Decision Trees



Simulation of Dairy Systems

• Essential to informed decision-making

• Useful to describe interrelated parts of 

systems of the real world

• Provide the basis for assessing and 

assimilating available information of the assimilating available information of the 

system

• Detect where essential knowledge is lacking 

or inadequate 

• Assist in the management control of the 

system



Simulation of Dairy Systems
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Dairy Modeling Techniques
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Linear Programming

Objective Function

Constraints

Solving Procedure

Feasible Solution

Max P = 20x + 40y
2x + 6y <= $600 max investment 

x + y <= 150 max animals treated

x + y >= 0

x y

75 75

2 6<= 600 600

1 1<= 150 150

20 40>= 4500



Linear Programming
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A) Neutral

Frequency

Cumulative %

80% IMQ
$0.5 DL
$11.88±1.85, 
min $8.91
premium $0.13

Max E(u)=

SGM(IMQ,DL)+INDEMNITY(IMQ,DL)-PREMIUM(IMQ,DL)

IMQ <= Target Milk Marketing per month (cwt)

DL <= Deductible Level (0, 0.1, 0.2, …, 1.5)
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C) El Nino

8 9 10 11 12 13 14 15 16 17

$/cwt

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0

200

400

600

800

1000

1200

1400

8 9 10 11 12 13 14 15 16 17

Fr
e

q
u

e
n

cy

$/cwt

B) La Nina

Frequency
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C) El Nino

Frequency

Cumulative %

100% IMQ
$0 DL
$11.36±0.72 
min $10.92

premium $0.81

0% IMQ
$0 DL
$11.813±0.04
min $7.23
premium $0



Dynamic Programming

Policy

Stages

States

Objective Function
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1,1

2,1

2,2

3,1

3,2

4,1

7

6

8

6

3

2

4

2

Least Cost = 12



Dynamic Programming

Rn Ps Pd C Retention Payoff ($)

$ prob prob $ Policy Par 1 2 3 4 5 6 7 8 �.

0 0 0 0 K 1 900 900 900 900 900 900 900 900

1800 0.6 0.4 1500 K 2 518 533 540 503 517 539 546 490

1900 0.65 0.35 1500 K 3 201 224 248 217 190 229 262 210

2000 0.7 0.3 1500 K 4 71 64 100 87 65 59 112 87

2100 0.75 0.25 1500 R 5 -91 -98 -63 -76 -97 -104 -50 -75

2200 0.8 0.2 1500 R 6 -199 -206 -170 -183 -205 -211 -158 -183

2300 0.85 0.15 1500 R 7 -301 -308 -273 -286 -307 -314 -260 -285

2400 0.9 0.1 1500 R 8 -399 -406 -370 -383 -405 -411 -358 -383

2500 0.95 0.05 1500 R 9 -38421 -36392 -34356 -32356 -30343 -28308 -26267 -24279



Markov-Chains

• Stage = Time

• State = Characteristics of cow or group 
of cows

• Transition = Probabilities that 
determine the flow from one state to determine the flow from one state to 
another state 



Markov-Chains

• All potential states a cow (or group of cows) 
can be in a specific stage

• Example: (5,400 states)

– 9 parities

– 20 month in milk

– 10 pregnancy (0-non-preg., 1-9 preg.)– 10 pregnancy (0-non-preg., 1-9 preg.)

– 3 production levels

– 12 months in a year



Markov-Chains

Some 

BiologicalBiological

Data Needs



Markov-Chains

par mim 0 1 2 3 4 5 6 7 8 9

1 1 303

1 2 291

1 3 201 81

1 4 143 54 79

pregnancy

Forecast of a dairy herd using Markov Chains

1 4 143 54 79

1 5 103 37 52 77

1 6 75 26 36 51 74

1 7 55 18 25 35 50 72

1 8 41 13 18 24 34 48 71

1 9 31 9 13 17 24 33 47 69

1 10 23 7 9 12 17 23 32 46 67

1 11 18 5 7 9 12 16 22 31 44 65

1 12 14 4 5 7 9 12 16 22 30 43

1 13 4 5 6 8 11 15 21 30

1 14 4 5 6 8 11 15 21

1 15 3 5 6 8 11 15

1 16 3 4 6 8 10

1 17 3 4 6 8

1 18 3 4 5

1 19 3 4

1 20 3



Monte Carlo Simulation

Events Simulated by Chance

Chance represented by RANDOM numbers

Offspring Frequency Cumulative

Female 0.4837164 0.4837164

Male 0.5058836 0.9896000

Female-Female 0.0025418 0.9921418

Male-Male 0.0026582 0.9948000

Male-Female/ 
Female-Male

0.0052000 1.0000000

Sex of Offspring = Random() within cumulative frequency

E.g., Random()=0.7526632 THEN the offspring is MALE



Monte Carlo Simulation

Pregnancy Event

Parturition Event

Non-Pregnant

Death Loss

Every Event has a 

chance probability of 

occur

Markov-
Chain

Monte 
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Reaching Puberty

Success of 
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Decision Support Systems

Integration of models and modules into an application for 

decision-making



Decision Support Systems

Integration of models and modules into an application for 

decision-making



Decision Support Systems

Integration of models and modules into an application for 

decision-making



Decision Support Systems

Integration of models and modules into an application for 

decision-making



Some Dairy Management Tools

http://www.uwex.edu/ces/dairymgt/ Tools
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Some Dairy Management Tools
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Some Dairy Management Tools
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