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why do i care?



the purple cow

I never saw a Purple Cow,

I never hope to see one,

But I can tell you, anyhow,

I’d rather see than be one!

- Gelett Burgess
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why should you care?



the new zealand dairy industry

20.5b
litres of milk

Or fill 8200 swimming pools
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the new zealand dairy industry

95%
exported
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the new zealand dairy industry

1/4
export goods by value
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the new zealand dairy industry

1/45
export goods by value
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the new zealand dairy industry

1/3
of global dairy exports
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the german dairy industry

New Zealand Germany

Production (109L) 20.5 30
Cows (106) 5 4
Litres/Cow 4,100 7,500
% Exported 95 50

1 German cow produces the
same as 1.8 New Zealand cows!
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why?

Supplementation
More food = more milk

Genetics
Biological efficiency = more milk

Environment
Better housing = more milk
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“research” in denmark
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“research” in switzerland
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a mathematical cow…



e-cow

Evolved over a number of years
SIMCOW (Kristensen et al., 1997), MOOSIM (Bryant, 2006)

e-Cow
Baudracco et al., 2011
Sensitive to Genetic and Environmental interactions
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a mathematical cow

cowt

cowt−1

environment feed

grass supplement

milk

cowt+1
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the basic model



”just mip it”

General form of the model

Let st = kg supplement fed in week t
Let xt = be the state of the cow at the start of week t
Let mt = be the quantity of milk produced in week t

max
52∑
t=1
at ×mt − bt × st

xt+1 = f(xt, st) ∀t = 1, 2 . . . 52
mt = g(xt, st) ∀t = 1, 2 . . . 52
x1 = k1
x53 ≥ k2
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a non-linear approach



Quantity while milking
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a dynamic programming ap-
proach



dynamic program

Pros

1. Every state everywhere
2. Global optimum

Cons

1. Slow (maybe)
2. By discretising the state space we introduce interpolation errors
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slow (maybe)?
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a two-phase approach



two-phase

So we have

1. A fast non-convex NLP
2. A DP that solves an approximation

Proposed Solution Method

1. Solve the DP with a fine discretisation
2. When you wish to get a policy, use the optimal DP
solution as the starting point for the NLP.
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but wait, theres more



intention vs. implementation

Will the policy actually be
implemented?
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results
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is it worth doing?



dairyanalytics.co.nz



what is it?

A web-interface for our models.

Written in pure Julia

Hosted on AWS

Simple Non-linear optimiser
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what is it?
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where we are headed



stochasticity

The weather isn’t deterministic
Neither is the milk price
Or the spot price of feed
Risk?
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contracts

A contract market exists for buying supplement
Storage constraints, Capital constraints, Competitors

Question

How much supplement should I order at the start of the
year?

50



contracts

A contract market exists for buying supplement

Storage constraints, Capital constraints, Competitors

Question

How much supplement should I order at the start of the
year?

50



contracts

A contract market exists for buying supplement
Storage constraints, Capital constraints, Competitors

Question

How much supplement should I order at the start of the
year?

50



contracts

A contract market exists for buying supplement
Storage constraints, Capital constraints, Competitors

Question

How much supplement should I order at the start of the
year?

50



contracts

A contract market exists for buying supplement
Storage constraints, Capital constraints, Competitors

Question

How much supplement should I order at the start of the
year?

50



the “dry off” problem

You have a cow
It begins in a milking state
You can turn it off once
Usually based on food quantity, cow condition, farmer
tiredness

Question

When should the farmer dry off his herd?
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the land use problem

You have a farm (area, location, terrain)
It has various paddocks (area, slope, soil type)
You can plant different crops (grass, maize)
Nitrogen leeches into rivers/lakes = BAD

Question

How do you use your land to maximise milking profit
whilst minimizing Nitrogen leeching?
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Questions?
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