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% cows not reaching next lactation (DHI)

Source: https://queries.uscdcb.com/publish/dhi/cull.html≈ 3 million records/year

≈35% of cows
are replaced
every year

1/35% = 2.9 yr
productive life



Cows that survive

• 4 events per lactation:
– 1 calving
– 1 breeding
– 1 pregnancy diagnosis
– 1 dry off

• Risk factors for culling: sick, lame, not-pregnant, poor 
conformation, bad temperament, low milk yield, …

4Reviewed in: De Vries and Marcondes (2020). Animal 14(S1):s155-s164
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https://www.agproud.com/articles/59714-developing-a-productive-sustainable-life-for-dairy-cows https://www.dairyherd.com/news/dairy-production/longevity-cowherd



Animal Replacement Problem: Principles

• Competition for a slot in the herd
• Most profitable cows stay
• Complication: herd constraints (cow interdependence)
• Needed:

1. Predict future animal performance; cow + replacement heifers
2. Make most profitable decisions
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T3: not 
availableT2: 

identicalT1: 
better

Replacement heifer:

Asset Replacement Theory: replace sooner if 
challenger is technically better than incumbent

Groenendaal et al. (2004) J. Dairy Sci. 87:2146



Optimal replacement decisions (theory)

Compare future cash flows of incumbent and challenging cow(s)
– Consider opportunity cost = cost sacrificed on an average challenging 

cow by keeping the incumbent cow in the herd (Van Arendonk, 1991)

NPV[ Future cash flow of incumbent ] Keep
– NPV[ Future cash flow of challenger ] Replace
= Keep – Replace = Retention pay-off (RPO) = Keep value

or ?y = f(x):
8



Dynamic programming, example

Objective: find cheapest path from A to B



Finding solution



Some examples of the optimal cow 
replacement problem in the literature
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Cash flow predictions (≥2020)

• Future cash flow affected by value of keeping cow in the herd 
(vs. replace) and value of calf

Attributes:
• Dam: Lactation, DIM, fertility, milk production, genetic merit, …
• Sire: Semen type, breed, price, sire conception rate, risk of 

abortion, genetic merit, …
• Mating: Dam + Sire (+ inbreeding + …)

Dynamic programming to calculate future cash flows



Keep/replace decision: Prediction future cash flows for a slot
mixture of cash from current cow and replacement heifers

Adapted from: Eicker, S., and J. Fetrow. 2003. “New tools for deciding when to replace used dairy cows”

Keep current cow

Replace now with heifer

$$$$$$ $

$$$$$$ $

Keep
Future 
Cash 
Flow

Replace
Future 
Cash 
Flow

Time

Current cow

1st heifer

2nd heifer

3rd heifer

4th heifer

Xth heifer



Value of keeping the cow in the herd 
Compared to immediate replacement with a heifer

Level of milk yield,
pregnancy status

Keep

Higher milk yield and pregnancy protect against culling

replace

replace
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Day after calving

Income over variable cost (IOVC) Retention pay-off (RPO)

Parity 1, milk price $0.19/lbs

IOVC

RPO

2 criteria for culling: cull when cow still makes you money

$2.50

old slide



Keep values for 460 cow herd

8/14/2024



ID=11002, 8/31/2024



ID=11004, 8/31/2024
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Extension factors
Wiggans and Dickinson, 1985

Best Prediction
VanRaden, 1997

Multiple-Trait Prediction
Schaeffer and Jamrozik, 1996

How to best to predict daily milk in the 
remainder of the current lactation? 

Or (better yet), artificial intelligence based predictions?



On-farm insemination decisions



Planning number of dairy heifers to make

• Sexed semen if:
– Lact = 0 & TBRD ≤ 2 & gNM$ > XXX
– Lact = 0 & TBRD = 0 & gNM$ = 0  (missing)
– Lact ≤ 2 & TBRD ≤ 2 & gNM$ > XXX
– Lact = 3 & TBRD ≤ 1 & gNM$ > XXX

• Beef semen otherwise (≈50%)

vary gNM$ XXX weekly (?)
to get desired 
#sexed semen inseminations
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$761

$344

$761 - $344 
= $417

Lifetime
Profit
Difference
Of daughter,
If bred to 
Sexed semen

UF Dairy Unit
2/29/2024 
Timed AI list cows
Dairycomp

$802



Insemination values, multiple sires

Estimate net present value (NPV) of future cash flows following 
each insemination opportunity, given optimal future decisions:

NPV( future cash flow (insemination, sire A) )
– NPV( future cash flow (delay insemination) )
= Insemination value (sire A)

Sexed-over-beef value (SOB$) = 

insemination value (sexed dairy) – insemination value (conventional beef)
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Illustration: 50 cows - 3 semen choices
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Semen choices:

P(female dairy calf):    90%           50%          0%



Insemination values (sexed semen) vs cow genetic merit



Insemination values
more accurate through ...

• Better prediction fertility 

• Better prediction milk yields, 

health, dry matter intake, 

bodyweight, BCS, …

• Use all past relevant data

• Data silos

Ronaldo Cerri, UBC, Canada

Pablo Pinedo, CSU, USA

Quantifying estrous behavior



How best to adjust breeding decisions when number of 
dairy female pregnancies is off target?

Example 450-cow dairy farm

xbred = beef semen

Below target



Semenvalue calculator


