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Rights versus Innovation

• Data is beneficial to innovation, but firms often use data in a
way the data producers do not approve.

• Farms produce vast amounts of data, but the rights of farms
to their data are hazily defined.

How can we benefit from aggregating data while still
protecting the rights of data producers?
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A Case Study in Data Governance

Data governance: the rules and regulations surrounding the use
and management of data.

Cooperative data governance: data governance which is managed
and informed by the producers of the data.

The National Cooperative Dairy Herd Improvement Program
(NCDHIP) is an example of cooperative data governance in
agricultural data with several advantages to current approaches.
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What Does the NCDHIP Do?

The system collects milk production of all dairy cows on member
farms (about 40% of US dairy cows). After aggregating the data,
the NCDHIP benefits dairy producers in two ways:

1. Directly: provides benchmarking analysis for key
performance metrics.

2. Indirectly: calculates the predicted performance of dairy
sires and releases the estimates to the public.

Dairy farmers are full or part owners of almost every part of
the system.
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A Tremendous Coordination Problem

To accomplish this, the system is a partnership between:

• USDA scientists
• Land grant extension
• Breed associations
• Animal genetics companies
• Dairy farmers

NCDHIP is a unique public-private partnership in agriculture which
achieves innovation without compromising the ownership
rights of the farmer.
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Points of Discussion

What can NCDHIP teach us about data governance today?

1. Cooperative ownership.
• Cooperative governance brings clarity to issues

surrounding data ownership and use.
2. Coordination in data standards.

• Leadership in data standards is key to innovation.
3. Decentralized operation.

• Decentralized data collection is a powerful tool in the
digital economy.
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Outline of this Talk

1. Background
2. History of NCDHIP
3. The System Today
4. Discussion
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Genetic Technology Adoption

• Farmers gather information before adopting different genetic
varieties.

• Historically, Land Grant Universities have conducted research
on plant varieties to help inform farmers about their choices.

• No such centralized authority existed for animals, meaning
farmers had to learn from each other.
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The Problem of Animal Breeding

“Remarkably speculative and economically wasteful.”
- Arend Hagedoorn (1946), referring to animal breeding.

Why is animal breeding so much more difficult than plant
breeding? Animal breeding:

• has slower data collection.
• is completely decentralized!
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Data Collection on New Varieties

Type Time from breeding until first production data
Annual Plants 2 years 1 year to produce seeds

+ 1 year to harvest.

Dairy Cattle 5-8 years 10 month gestation
+ 2 years to producing age
+ average 3-5 years of production

Beef Cattle 2-3 years 10 month gestation
+ 1-2 years to slaughter.

Swine 10 months About 4 months gestation
+ 6 months to slaughter.

Broilers 3 months 1 month gestation
+ 2 months to slaughter.
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Centralized vs Decentralized Breeding

• Farmers do not need to breed plants.
• Plants produce nearly identical offspring, proved varieties

can be replicated on the farm.
• Breeding is centralized in private firms and Land Grant

Universities.
• Farmers must breed animals.

• Animals produce distinct offspring, proved varieties
cannot be replicated on the farm.

• Breeding is decentralized in farmer-owned breeding
associations.
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Dairy Cow Breeding Before NCDHIP

The “Purebred” Philosophy

A champion Jersey cow
at the World Dairy Expo

• Based on physical appearance
(“type”) and whether it matches
the ideal of the breed.

• Requires investment into a
select few genetic lines using
ancestry records (“pedigree”).

• Coordinated through breed
associations (Holstein, Jersey,
etc.)
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The Sabermetrics Critique

In baseball as much as in dairy farming, performance matters.

“If he’s such a good hitter, why doesn’t he hit good?”
- Brad Pitt as Billy Bean, GM of the Oakland Athletics
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Statistics and Animal Breeding

The “Moneyball” Philosophy

Dr. Jay Lush
Pioneer of Quantitative Genetics

• Based on observed phenotype
rather than physical traits.

• Requires repeated use of the
same bulls to produce data.

• Coordinated through data
collection and identification of
the bull’s offspring through
pedigree.
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Dairy and Information Asymmetry

Data collection can help dairy farmers learn from their neighbors
by producing public information on bull performance.

Producing such a public good requires:

1. Measurement technology.
2. Big data.
3. Institutions.

The institutional aspect is a key part of the NCDHIP story.
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The Story of NCDHIP

Here we will highlight three major phases of NCDHIP:

1. Data collection
• The founding of the Dairy Herd Improvement Associations (DHIAs)

which collected data.

2. Data standards
• The efforts of the ADSA which promoted uniform data collection

standards.

3. Data scaling
• The invention of AI and freezing technology which drastically

increased model accuracy.
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The Information Frictions of Dairy

Dairy suffers from two main information frictions:

• Uncertain output quality.
• In New England, watering down milk 25-50% was

considered a “universal practice.” (Olmstead and Rhode,
2008)

• Uncertain input quality
• Which genetics should I choose to increase profitability?
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1. Data Collection

Quality measurement technology was disseminated by
farmer-owned cooperatives who owned and managed on-farm data.

• 1890: The Babcock butterfat test allowed measurement of
milk quality.

• 1905: The first cooperative was formed to measure cow-level
milk quality.

• 1908: More cooperatives spurred by the USDA, data used in
breeding research.
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1890: The Babcock Test

Dr. Stephen Babcock

• In 1890, Babcock invented the
first practical butterfat test for
milk.

• “Made more dairymen honest
than the Bible ever made.”
(quoted in Olmstead and Rhode
(2008), pg. 344)

• Drastic change in economic
incentives for dairy farm
management and breeding.
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1905: DHIAs and Milk Testing

• Helmer Rabild, a Danish
immigrant, organized the first
DHIA in Newago County
Michigan in 1905.

• DHIA members collectively
employed a milk tester to travel
monthly to each farm to
calculate butterfat yield of each
individual cow.

• Originally for the purposes of
farm benchmarking.
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DHIAs and the USDA

• In 1908, the USDA hires Rabild to organize DHIAs all around
the country with the support of the Cooperative Extension
Service.

• USDA scientists begin dairy breeding research in 1917, but
soon realize the potential of DHIA data for “proving bulls.”

• By using DHIA production data and pedigree together,
research begins to shift off of experiment stations on to the
farm.
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DHIA Growth
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DHIAs and Structural Change
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DHIA Growth Mirrors Productivity Growth
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2. Data Standards

Before bulls could be proved, number of steps had to be taken to
standardize data and data collection:

• 1924: The American Dairy Science Association standardizes
testing procedures for the DHIAs.

• Also laid out by-laws and governance structure for
DHIAs.

• 1936: USDA starts the National Sire Proving Program.
• Begins researching and publishing performance metrics

for comparing bulls.
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DHI Letter, 1925

Source: Cow Testing Association Letter No. 1
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The First Proven Sire List, 1937

Source: List of Sires Proved in Dairy Herd Improvement Associations (1937),
USDA Misc Pub 277
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USDA and Scientific Collaboration

Founder of population
genetics

Dr. Sewall Wright
USDA ARS/U of Chicago

Studied animal trait
inheritance at the USDA.

Father of modern animal
breeding.

Dr. Jay Lush
Iowa State University

Used of quantitative data
for to predict traits.

Pioneer of mixed model
equations.

Dr. Charles R. Henderson
Cornell University

Developed a mixed model
to predict traits. 28
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3. Data Scaling

Artificial insemination (AI) and freezing drastically increased the
number of data points for each bull.

• 1933: Commercialization of AI.
• Before AI, a bull could produce 56 daughters in a

lifetime.
• After AI, it could produce almost 5,000 daughters a

year.
• 1946: AI cooperatives form the National Association of

Artificial Breeders (NAAB).
• 1953: Freezing semen commercially viable.
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Adoption of AI in the US

Number of Dairy Cows Bred with AI
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Structural Changes in Genetics Markets
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The Members of NCDHIP

Primary members:

• National DHIA: represents dairy farmers.

• National Association of Animal Breeders (NAAB): represents genetics
companies.

• Breed associations: provide pedigrees.

• Council on Dairy Cattle Breeding (CDCB): cooperative which
produces bull evaluations. Members include all of the above.

Secondary members:

• Dairy Records Processing Centers (DRPCs): process and collect data.

• USDA: maintains a cooperative agreement with the CDCB and assists
evaluations.
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The Roles of the Members

Farms

Bull

National DHIA

DRPC

CDCB
(formerly USDA ARS)

Breed Associations

Benchmark ReportProduction Data Lineage Data Genetic EvaluationAdoption Decision

µ0, σ0

µ̂, σ̂

NAAB

(1)
(2)

(3)

(4)

(5)

(6)

(1) Bull has an estimate of its average performance, µ0, and its standard deviation σ0.

(2) Farms buy the bull’s semen from an NAAB company and use it to produce offspring.

(3) Offspring production data are collected by National DHIA and given to the DRPC.

(4) The DRPC analyzes the data to produce a ”benchmark report” for each DHIA member.

(5) The CDCB receives raw production data from the DRPC and lineage data from the Breed Associations.

(6) The CDCB produces an updated performance evaluation, µ̂ and σ̂, for the bull.

Steps Adapted from Wiggans (1991), pg. 3,856
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Governance of NCDHIP

Farmer ownership in the NCDHIP:

Owned Directly Owned Indirectly Not Owned
National DHIA NAAB (mostly) USDA
DRPCs CDCB ADSA
Breed Associations

At nearly every stage of data governance, the owners of the
data have input and control.
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Bull Proving

What is produced by the CDCB...
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Bull Proving

...then is used by genetics companies.
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Animal Genetics Improvement Laboratory (AGIL)/CDCB

“The Beatles”

Dr. Paul VanRaden Dr. John Cole Dr. George
Wiggans

Dr. H. Duane
Norman

Major figures of the current dairy sire evaluation program.
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Program Enrollment
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Relevance to Agricultural Data Governance Today

Some similarities:

• The invention of a measurement technology.
• Large data volume.
• Data collection is decentralized.

What’s different:

• Uncertain regulations concerning privacy and ownership.
• No uniform data standards or “inter-operability.”
• Data is siloed in private firms.
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Lessons for Agricultural Data Today

Three important aspects of NCDHIP that apply to our current
paradigm:

1. Cooperative ownership.
2. Coordination and standards.
3. Decentralized data collection.
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1. Cooperatives and Data Ownership

Cooperative institutions can better address the use versus privacy
trade-off.

• In NCDHIP farmers own data but license to researchers at
LGUs (e.g. yours truly) and the USDA through National
DHIA and the DRPCs.

• NCDHIP has engendered 100 years of trust with producers,
and participation in the “official” DHI program remains strong.

Farmers owning the means of data collection is a
straightforward way to align incentives with use of data.
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1. Example Institution

Grower’s Information Services Coop

• Aggregates and analyzes agricultural data from member
growers.

• Suggests that this kind of cooperative model may work in
crops.
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2. Coordination and Standards

• Agricultural data is collected through several sources:
satellites, sensors, surveys, etc.

• Inter-operability is key to translating data into research and
innovation.

• Currently no uniform standards concerning these data.

Leadership by the USDA or industry groups can help solve
this coordination problem.
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2. Example Initiatives

• Voluntary agreement to specify
transparency for privacy and use
of data.

• May be difficult to get full
compliance from across the
industry.

• The open-source approach to
standardizing data handling and
processing.

• In its infancy, unclear how it will
evolve.

The industry still lacks effective coordination. 44
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3. Decentralized Data Collection

Decentralized arrangements like NCDHIP are already catching on
in other sectors.

• New technologies exist (e.g. blockchain) that can protect
privacy and still coordinate transactions without the need for
a central intermediary.

• Many new innovations in data collection are decentralized and
effectively “crowd sourced” (OpenStreetMap, Wikipedia, etc.).

Data collection in agriculture is already decentralized and
data governance should be designed with this in mind.
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3. Example Initiatives

• Health data cooperatives
have users submit data
which is then made
available to researchers.

• Protects privacy and
ownership while realizing
benefits from scaled data.

This model recognizes the key partnership between data
producers and researchers.
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Concluding Thoughts

• Measurement technology increases data; institutions
determine who benefits!

• The USDA has historically played a large role in setting up
these kinds of institutions (and can again).

• Privacy and innovation need not be trade-offs if data
producers have control over their data (Jones and Tonetti
2020).
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