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Abstract

Plant variety rights assist crop breeders to appropriate returns from new
varieties and incentivise varietal improvement. Royalties are one form of
plant variety rights and this dissertation asks which combination of the
available royalty instruments is best from the perspective of consumers,
farmers, crop breeders, and the overall economy.

We use a game-theoretic approach to model strategic interactions be-
tween breeders and farmers. The model allows farmer privilege, whereby
farmers save seed one year to plant in the future, and we show a point-
of-sale royalty with either or both of the remaining royalties is optimal,
whether or not we allow the possibility of farmers under-paying royalties
through under-declaring output or saved seed.

We also develop a Principal-Agent model, in which risk-neutral breed-
ers share the risk with risk-averse farmers. In this model, the optimum
royalty depends on various parameters, including the costs of compliance

and enforcement.

KEYWORDS: game-theory; economic model; end-point royalty; point-

of-sale royalty; saved seed; farmer privilege; principal-agent model.

ix






Declaration

I certify that this work contains no material which has been accepted for
the award of any other degree or diploma in my name, in any university
or other tertiary institution and, to the best of my knowledge and belief,
contains no material previously published or written by another person,
except where due reference has been made in the text. In addition, I certify
that no part of this work will, in the future, be used in a submission in my
name, for any other degree or diploma in any university or other tertiary
institution without the prior approval of the University of Adelaide and
where applicable, any partner institution responsible for the joint-award
of this degree.

I give consent to this copy of my thesis, when deposited in the Univer-
sity Library, being made available for loan and photocopying, subject to
the provisions of the Copyright Act 1968.

I also give permission for the digital version of my thesis to be made
available on the web, via the University’s digital research repository, the
Library Search and also through web search engines, unless permission

has been granted by the University to restrict access for a period of time.

Signature of Author

xi



Xii



Acknowledgements

I would particularly like to thank my supervisor, Associate Professor Ralph
Bayer, who is everything a good supervisor should be and gave me his
time, expert advice and encouragement.

I also acknowledge Professor Phil Pardey for the original idea and for
his interest in my work, and Dr Eran Binenbaum for his early supervision.
My two co-supervisors, Prof Kym Anderson and Dr Jake Wong, also de-
serve special thanks. Professor Geoff Harcourt was a great mentor and
kindly read a draft and provided valuable encouragement, and I thank
him for that.

I owe a huge debt to the casual tutors in my courses who did so much
extra in order to help me. Their encouragement, interest and support was
immense. I particularly thank Carolyn Toh, Ian Carman, Vivian Piovesan
and David Hoey. I also greatly appreciated the support and friendship of
other Ph D students, especially Brita Pekarsky and Mark Dodd.

Finally, a huge thank you to my friends and family, who always re-
minded me that there was a life outside the thesis! I would especially
like to thank Fay for her never-ending kindness and friendship. My son
Michael proofread a draft and made numerous suggestions and provided
excellent advice on words; my son David was an enormous help with
maths and MATLAB. I thank them both. Finally, my thanks to my hus-

band, Clive, for his support throughout the long process.

xiii



Xiv



Acronyms and Abbreviations

ACCC
ACIP
AGT
AVC
AWB
Bt
CARA
COGGO
CRS
Ccv
CSIRO

EPR
EU
FAO
GM
GRDC
IC
ImpC
IP

IPR

IR
MV
NVT
NZPFR
PBR
POS
PVP
PVPA
PVR
R&D
RDC
RR
SARDI

Australian Competition and Consumer Commission
Advisory Council on Intellectual Property
Australian Grain Technologies

Average variable costs

Australian Wheat Board

Bacillus thuringiensis

Constant absolute risk aversion

Council of Grain Grower Organisations Ltd
Constant returns to scale (production function)
Coefficient of variation

Commonwealth Scientific and Industrial Research
Organisation

End-point royalty

European Union; Expected utility

Food and Agriculture Organisation of the United Nations
Genetically modified

Grains Research Development Corporation
Incentive compatibility constraint of the farmer
Implementability constraint of the farmer
Intellectual property

Intellectual property rights

Individual rationality constraint of the farmer
Mean-variance (model)

National variety trials

New Zealand Institute for Plant and Food Research
Plant Breeder’s Rights

Point-of-sale royalty

Plant variety protection

Plant Variety Protection Act of 1970, US

Plant variety rights

Research and development

Research development corporation

Royalty revenue

The South Australian Research and Development Institute

XV



ssp Saved-seed royalty

SW Social welfare, the sum of farmer and breeder profits

TRIPS (agreement on) Trade-Related Aspects of Intellectual
Property Rights

UK United Kingdom

UNCTAD  United Nations Conference on Trade and Development

US, USA United States of America

UPOV International Union for the Protection of New Varieties of
Plants

XVi



Symbols

Game-theoretic models

a enforcement costs parameter, a > 0, $

b proportion of farm sown to bought, new, seed, b € [0, 1]; may
be indexed by time period ¢

C farmer’s costs, $

d output-declaration rate, d € [0, 1]

f fine factor on cheating , f > 1

F production function of wheat

g marginal breeding cost, g > 0, $ per kilogram of seed
produced

K tixed cost of wheat breeding, $

m saved-seed declaration rate, m € [0, 1]

P, point-of-sale royalty, P, > 0, $ per kilogram of bought seed

P, saved-seed royalty, P, > 0, $ per kilogram of seed saved

q quality of new, bought, seed, tonnes of output per unit area

q quality of the seed mix, tonnes of output per unit area; may be
indexed by time period ¢

Q production, output of wheat, tonnes; may be indexed by time
period ¢

r end-point royalty rate, r € [0, 1], $ per tonne of output

X enforcement cost function, $

Greek symbols

B discount factor, 5 € [0, 1]

¢ probability of the farmer being investigated, ¢ € [0, 1]

(0 seeding rate, tonnes of seed per unit area sown, ¢ > 0

T profit of the farmer, $; may be indexed by time period ¢

B profit of the breeder, $; may be indexed by time period ¢

II discounted sum of future expected profits of farmer, $

0 quality of saved seed relative to new seed, § € (0,1)
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Principal-Agent models
marginal enforcement costs, $ per kilogram of seed
fixed enforcement costs, $
quantity of seed bought by the farmer, kilograms
cost parameter of wheat growing, $ per kilogram? of seed
input
effort of the farmer in labour units
production function of wheat
marginal cost of wheat breeding, $ per kilogram of seed
marginal product of farmer effort, tonnes of output per unit of
labour effort
fixed cost of wheat breeding, $
license fee, fixed up—front payment, $
risk premium
numeraire unit of money = output price
point-of-sale royalty, p > 0, $ per kilogram of bought seed
production, output of wheat, tonnes
end-point royalty rate, € [0, 1], $ per tonne of output
marginal product of seed, $ of output per kilogram of seed
certainty equivalent of the farmer’s wealth; Z is such that
EU(Y)=U(Z),it Y denotes the farmer’s wealth, $
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Greek symbols

€ uncertainty of production, a random variable with mean 0
and variance o2, $ of output per kilogram of input

v coefficient of risk aversion of the farmer

" profit of the farmer, $

TR profit of the breeder, $

o? variance of ¢, ($ per kilogram of seed)?
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