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Ruminant Farm System (RuFaS) model
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§ Animal module daily information flow
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Animal model



Animal life cycle model
§ Objectives 

§ To simulate the dairy herd accurately 

• Represent the underlying logic revealed by research

• Show the real situation on farm

• To build up a flexible framework 

• Have the ability to include components related to 
animals 

• Reflect the impact of changes on the dairy farm

5



§ Monte Carlo stochastic simulation

§ Simulate individual animal events from birth until 
leaving on daily basis

§ Herd level distributions affect animal level 
probabilities, and are represented when individual 
animals accumulates   

§ Modularized to allow flexibility to mix herd and 
management decisions  

§ Build a framework allowing incorporate more factors 
and findings
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Animal life cycle model



§ Calves  
- Events: 

• Born, gender assigned according to semen type

• Sold, as male/ female calf

• Grow, with initial birth weight and average daily gain

• Sick, calf specific health issues

• Cull, leaving the group before wean
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§ Heifers I  
- Events: 

• Wean, feed

• Grow, with ADG

• Sick

• Cull, leaving the group before breeding
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§ Heifers II  
- Events: 

• Estrus, if estrus detection involved, estrus ~ N(21,2.5)

• Breed, AI after ED and TAI protocols 

• Grow, related to nutrition and pregnancy status 

• Preg checks, three times on day 32, 91, 200

• Cull, reproductive failure and health issue
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§ Heifers III  
- Events: 

• Grow, nutrition needs and supply

• Sold, as pregnant heifer 

• Cull, leaving the group before enter

• Calve, at the end of the gestation ~ N(278,6)
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§ Cow  
- Events: 

• Lactate, follow the production level specific curve
• Breed, AI after ED and TAI protocols 

• Preg checks, three times on day 32, 91, 200
• Calve, at the end of the gestation ~ N(278,6)

• Sick, calf sensitive illness
• Cull, leaving the group before wean11
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§ Culled  

§ Events: 

• Maintenance

• Sold
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§ Programmed in detail: 

- Life events and herd structure ~ (Pinedo et al. 2010)

- Repro protocols ~ Dairy Cattle Reproduction Council protocols

- Lactation curves ~ Wood’s / MilkBot models

- Health culling ~ (Kalantari et al., 2016) 
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Python 
>2000 lines 

Individual animal life story
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Python 
>2000 lines 

Herd simulation and iteration
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Python 
>2500 lines 

Code sample
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Output sample - animal
1000 targeted herd size, 3000days, 1 individual:

Days Born: 3673; Body Weight: 720.72kg;  Repro program: TAI, PreSynch + OvSynch 56 + TAIafterPD
Parity: 7; Curve: Wood’s; Days in milk: 98d; Milk produced: 52.01kg; Days in preg: 0d; Gestation Length: 0d.

Milk yield (kg)

Lactating life (d)

Enter herd
DOB:676

Calving
Milking start

PreSynch

OvSynch 56

AI

PC1 – negative
Resynch

AI

PC1 – positive
Pregnancy start

dry

Calving
Milking start

vwp vwp

PreSynch

OvSynch 56

AI

PC1 – positive
Pregnancy start

dry

Calving
Milking start

vwp

PreSynch

vwp

PreSynch

OvSynch 56

AIPC2 PC3

PC2 PC3

435d 529d 501d 462d 452d 460d
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Output sample - animal
1000 targeted herd size, 3000days, 1 individual:

Days Born: 2213; Body Weight: 748.90kg;  Repro program: TAI, 5dCG2P+PreSynch+OvSynch56+TAIafterPC 
Parity: 4; Curve: Wood’s; Days in milk: 232d; Milk produced: 35.44kg; Days in preg: 137d; Gestation Length: 265d.

Milk yield (kg)

Enter herd
DOB:0

wean

5dCG2P

PC1 – negative
TAIafterPC

AI

PC1 – positive
Pregnancy start

dry

Calving
Milking start

vwp

PreSynch

OvSynch 56

AI

PC1 – positive
Pregnancy start

AIAI PC2 PC3 PC2

PC1 – positive
Pregnancy start

OvSynch 56

PC1 – negative
TAIafterPC

AI

OvSynch 56

vwp

PreSynch

368d 411d 409d

Lactating life (d)
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1000 targeted herd size, 3000days, overall:
Output sample - herd
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100 iterations, 1000 targeted herd size, 3000days:
Output sample – with iterations
Herd structure (averaged through 100 iterations) at the end of the simulation

Calves HeiferI HeiferII HeiferIII Cows Cows
pregnant

Cows
milking

Parity 1 Parity 2 Parity 3

86.8 419.2 351.1 31.5 999.4 635.4 872.8 363.0 239.6 396.8

Herd stats (averaged through 100 iterations) for last 365 days of the simulation
Feed
cost

Fixed
cost

Repro
cost

Milk
income

Slaughter
value

Service
rate

Conception
rate

Pregnancy
rate

$/cow/day $/cow %
5.44 2.17 0.15 14.08 481.05 54.91 28.23 26.49

Culled numbers (averaged through 100 iterations) for last 365 days of the simulation
Total
culled

Culling reasons
Lameness Injury Mastitis Low production Disease Udder Others

321.6 43.5 79.7 69.1 47.3 40.0 17.9 24.1
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Future steps
• Merge with other modules and models

• Ration formulation

• Management and facility

• Weather

• Feed storage

• Validate with real farm data

• Using Dairy Brain

• Keep adding related components:

• Genetics 

• Diseases 

• Calf/heifer culling



Thanks!


