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Innovation of Agricultural Biotechnology
with Experimental Use Licensing

Jeremy Jackson and Jason Smith

Innovation in agricultural biotechnology seed products can be characterized as a non-drastic
innovative process with product differentiation. We model this innovation and examine the
pricing and purchase decisions for experimental use licensing. In equilibrium, a technologically
advantaged firm will purchase a license, while a technologically disadvantaged firm will not. This
is the case regardless of the order of pricing decisions.

Key words: non-drastic innovation, product differentiation, quality ladder

New plant varieties are created either through traditional breeding techniques or through advanced
genetic modification. Both routes to innovation require access to a diversity of high-quality
germplasm. Traditional breeders need a diversity of germplasm so that new traits can be identified
and bred. Genotyping and induced mutation have enabled breeders to create and identify traits for
breeding with greater accuracy and at a more rapid pace. Likewise, modern genetic engineering
requires high-quality germplasm for trait insertion as well as initial identification of traits for
development. Germplasm serves as a basic building block in the innovation and development of
new seed varieties in either paradigm.

Innovations in the agricultural biotechnology industry, under either traditional or genetic
engineering, can be characterized as having a cumulative element, derived from the development
of high-quality germplasm, in the presence of product differentiation, as varying genetic traits are
targeted. Each firm controls certain seed varieties and germplasm with traits aimed at specific
soil and climate targets, such as RoundupTM readiness or drought tolerance. Much research and
development (R&D) effort is expended trying to improve the yield or quality of these varieties.
Creating new varieties with higher yield (quality) requires the appropriate building blocks. This
type of quality-improving innovation requires genetic diversity, yet most of the genetic building
blocks in the industry have been inaccessible due to patents and intellectual property protections.

Prior to a recent expansion of widespread cross-licensing of GM traits, agricultural
biotechnology and seed companies experienced widespread consolidations in the late 1990s and
into the 2000s due to changes in intellectual property for biotechnology (Marco and Rausser,
2008; Howard, 2009). What was once an industry flush with competition is now dominated by
the “big six” life science conglomerates (Howard, 2009). In this period, consolidation was the key
to gaining access to the intellectual property that innovations required. As intellectual property law
for biotechnology has progressed to allow the stacking of multiple genetic traits into one variety,
cross-licensing of proprietary traits has proliferated (Howard, 2009). Cross-licensing traits allows a
firm that doesn’t own a genetically modified (GM) trait to insert it into their commercial product for
sales by paying a royalty to the trait owner. This is a different phenomenon than experimental use
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licensing, which is the topic of this paper. An experimental use license grants a competitor access
to a firm’s technology (i.e., germplasm) for use in R&D. The positive result of this R&D is new
biotech, potentially subject to its own intellectual property protections.

Galushko, Gray, and Oikonomou (2012, p. 296) note, “Access to prior knowledge could be more
important in crop research because genetic advancement tends to be sequential in nature where new
varieties are bred from the best of previous varieties.” Such sequential innovation is amenable to the
quality ladder model of cumulative innovation reviewed nicely in Scotchmer (2004). Traditionally,
the quality ladder model is used to characterize patent races whereby firms compete to improve the
existing product (moving to the next rung on the quality ladder) and garner the resultant monopoly
profits, which are held for as long as the patent for the product currently at the highest rung on the
quality ladder is possessed.

Our assessment of innovation in the agbiotech seed industry is that the traditional quality ladder
model, which Moschini and Yerokhin (2008b) applied to agricultural biotechnology in a dynamic
context, is not sufficiently descriptive of reality. We borrow the framework developed by Jackson and
Smith (2015), which builds on models from Malla and Gray (2005) and Tangerås (2009), to construct
a model of non-drastic innovation with two firms each moving along their own quality ladder as they
produce outputs that compete in a Hotelling-style (1929) model of product differentiation. As one
firm improves its quality and the other does not, the innovating firm is able to increase profits and
market share but does not monopolize the entire market. Rather, innovated varieties compete with
other varieties with different traits.

Farms in different regions with different climates and soil have very different needs and demand
seed with different traits. However, individual farms deciding which seed variety to purchase
ultimately do not care about the trait target of the variety itself but the yield (quality) of the variety
for their particular soil/climate type. As one firm advances to a higher yield (quality) step on their
quality ladder, some farms that had previously purchased the variety available from the other firm
will switch to the innovated variety, which now provides a greater profit opportunity to the farmer.
It is very unlikely that the yield improvement is great enough for all farm types to demand the
improved variety; many will still purchase the unimproved variety. Because innovation does not lead
to a monopolized market, innovation in agricultural biotechnology seed markets should be modeled
as non-drastic.

Improved germplasm and its genetic information, which improves the yield of a seed variety
targeted at one trait (or set of traits), may also improve the yield of another variety targeted at a
different trait (or set of traits). Thus, one firm’s genetic discovery could improve the quality of
varieties owned and marketed by other firms. However, this can only occur if access to the genetic
material is granted, either through a “research exemption” or the purchase of an experimental use
license.

Moschini and Yerokhin (2008b) review at length the intellectual property right issues that
permeate agricultural biotechnology. Additionally, Wright and Pardey (2006) and Smith (2008)
detail the history of intellectual property for agricultural biotechnology.1 In the United States
and Canada, biotechnology is patentable and there is no applicable research exemption. If one
biotechnology firm wants access to the patented intellectual property owned by a competitor for
the purposes of R&D in the production of a new patentable seed variety, it must purchase a license
for experimental use. Such experimental use licensing is the primary focus of this research.

In this paper, we provide a game-theoretic model of experimental use licensing that highlights
the strategic aspects of pricing experimental use licenses, which has yet to be tackled in the literature.
We demonstrate that prices will generally be set such that no experimental use licenses are actually
purchased, limiting the sharing of intellectual property and inhibiting efficiency. This offers an
explanation for the rapid consolidation that swept the industry in the 1990s and 2000s. Experimental

1 Moschini and Yerokhin (2008a), Koo and Wright (2010), Galushko (2012), Galushko, Gray, and Oikonomou (2012),
and Clancy and Moschini (2013) also examine innovation incentives and intellectual property rights for agricultural
biotechnology.
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use licenses can be bought and sold in equilibrium when both firms have an identical technological
level (i.e., the rung on the quality ladder). As agricultural biotechnology firms converge on an equal
technological footing, sharing intellectual property for the purposes of R&D becomes possible.

Literature Review

Our focus is similar to that of Moschini and Yerokhin (2008b) and Galushko, Gray, and Oikonomou
(2012). Moschini and Yerokhin (2008b) focus on the effects of different intellectual property rights
regimes on innovation: with and without a “research exemption" for experimental use in R&D.
Under a regime of research exemption, a firm can use proprietary intellectual knowledge in its
R&D activities to create a newly patentable product idea without infringement concerns. However,
if no such exemption exists, then such use constitutes infringement and risks legal action. In this
case, other firms’ intellectual property can only be used for R&D if a license for experimental use
is purchased. This is an important issue in many industries in which the product and intellectual
property produced and owned by one firm could be an important input into the R&D activities of a
competing firm. This describes the agricultural biotechnology industry, as Moschini and Yerokhin
(2008b) highlight. However, their model assumes that all market innovations move along one quality
ladder, with the innovating firm capturing the entire market share and the monopoly profits that go
with it. This is inconsistent with the agricultural biotechnology industry in that newly innovated seed
strains do not monopolize the market. Rather, improved strains compete against existing strains for
market share. Their structure neglects the reality that many innovations are quality improvements
on existing products and not entirely new products. Their model makes sacrifices in the strategic
environment in order to maintain the tractability requirements of Markov Perfect Equilibrium, which
causes their analysis to underplay important aspects of the strategic environment that stem from
licensing for experimental use.2 Our approach allows the strategy involved in experimental use
licensing to take center stage.

Galushko, Gray, and Oikonomou (2012) consider the sharing of intellectual property, through
licensing and/or non-protection, between a public firm (university) and a private firm. They
are effectively able to demonstrate that public institutions may have incentives to protect their
intellectual property, even though this is seemingly against their mission to promote the “public
good.” Our approach differs from theirs in several key ways: First, both firms in our environment
operate under a profit-maximization motive. Second, and more importantly, while licensing fees do
appear in their model, they are taken as given from an exogenous (not modeled) bargaining process.

While this paper focuses on experimental use licensing of germplasm, there are some similarities
to the literature on cross-licensing genetically engineered traits that are worth mentioning. The
proliferation of cross-licensing GM traits is well documented in the literature (Howard, 2009; Smyth
and Gray, 2011; Galushko, Gray, and Oikonomou, 2012), but the theoretical literature on the topic
is quite thin. Shi (2009) analyzes a model involving two traditional seed-breeding firms and one
firm marketing a GM trait. They focus on explaining patterns of vertical and horizontal integration,
treating the products of conventional seed producers as perfect substitutes. The licensing examined
is purely from the firm possessing a GM trait to a conventional breeder for insertion and marketing.
Their modeling strategy involves a three-stage game, which is solved for subgame perfect Nash
equilibrium (NE).

Grossman and Helpman (1991) examine product differentiation with quality improvements
along a quality ladder. In their model, each firm’s differentiated output follows its own stochastic
progression along a quality ladder, bringing about quality improvements in existing products.
However, their main concerns are the implications that such innovations have for the long-run rate
of growth in the economy. As such, they ignore intellectual property rights and licensing issues.

2 Comments about licensing in Moschini and Yerokhin (2008b) are relegated to a small section without formal analysis.
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Innovation with Experimental Use Licensing

Our model suppresses issues of patentability and breadth of an innovation to focus on the competing
interests of firms, which can increase their own probability of innovation when an experimental use
license is purchased from their rivals.3 Likewise, a firm can sell an experimental use license of its
own product to its competitor. Doing so results in a revenue gain from the sale but increases the
probability that the rival will advance along its own quality ladder and compete away future profits.4

We model innovation as two firms moving along their respective quality ladders, as in Jackson and
Smith (2015). Pricing and purchasing experimental use licenses follows a three-stage game5. In the
first two stages, each firm successively sets the price of an experimental use license,6, and in the
third stage both firms simultaneously decide to purchase or not purchase a license.

We derive both the pricing decision and the purchase decision for experimental use licensing and
show that equilibrium will not result in the efficient exchange of experimental use licenses unless
the competing firms have identical levels of initial quality. This is the case regardless of whether
the technologically advantaged firm prices before or after the technologically disadvantaged firm. If
the intellectual property rights regime were modified to include an experimental use exemption, the
efficient exchange of intellectual property would occur.

The licensing game is dynamic, consisting of two periods, t = 0,1. In period t = 0, the game
begins with firms, indexed by i = {a,d}, producing and selling their current product with quality ya

0
and yd

0 . Each firm earns a profit that depends on the current product quality of both firms. Each firm
may innovate, which improves the quality of its output in the following period.

Firms interact strategically both in the product market and in the purchase and sale of
experimental use licensing. Possessing an experimental use license for a rival firm’s product changes
the distribution from which an innovation is stochastically drawn, increasing the probability of
advancement along the quality ladder. Firm a gets profits from its sales in the product market based
on the current product qualities of both firms and any revenue or expenses from experimental use
license sales and purchases. Finally, based on license purchase decisions, nature will select whether
each firm innovates in the next period, which in turn determines profits earned in the product market
in the terminal period.

Let k0 be the differential quality at the start of the game. We have purposefully labeled our
two firms a and d to denote that firm a is the technologically advantaged firm and firm d is
the technological disadvantaged firm. We adopt this convention so that k0 = ya

0 − yd
0 ≥ 0, with the

inequality being strict if the two firms begin the game at differing steps along their respective
quality ladders. Each firm earns a payoff from its sales in the product market, which depends on the
differential quality at that point in time. Product market profits depend only on differential quality,
k0 and k, so we can write π i(k0) and π i(k) for period t = 0,1 profits, respectively.

Rather than recreate the underlying model of the seed market built up from farmer preferences,
we refer to Jackson and Smith (2015)—who derive profit equations in a parametric model of non-
drastic innovation such as we describe here—for in-depth description and derivation of the profit
equations as they depend on differential quality. The analysis we provide here is more general; we
maintain only that the product market profit functions, πa(k) and πd(k), are convex and symmetric

3 Issues of patentability and breadth have long been a focus of the literature. For examples, see Chang (1995), Green and
Scotchmer (1995), O’Donoghue (1998), O’Donoghue, Scotchmer, and Thisse (1998), and Hopenhayn and Mitchell (2001).

4 Schotchmer (1991) considers the effects of licensing in sequential innovation in the standard quality ladder. Early
innovators may license to later innovators who use their product in R&D. The possibility of such agreements being made
depends on the breadth of patent protection afforded by law.

5 It is common for licensing games to be sequential in both the applied (Shi, 2009; Galushko, Gray, and Oikonomou,
2012) and the general (Kamien and Tauman, 1986; Wang, 1998; Hernandez-Murillo and Llobet, 2006; Sen and Tauman,
2007; Giebe and Wolfstetetter, 2008) literatures.

6 For robustness, we demonstrate that our results do not depend on the order of pricing decisions. Further, when one
firm has a technological advantage, it is quite natural to assume that some form of leader/follower relationship will result.
Simultaneity of pricing decisions also eliminates the existence of pure strategy pricing in equilibrium.
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in that we can write −k = yd
1 − ya

1 and πd(k) = πa(−k). Both of these properties are met by the
Jackson and Smith (2015) parameterization.

We model innovation as a random process that depends on access to the rival’s intellectual
property. For notational simplicity, we model innovation as it influences the differential quality of
the two firms. At time t = 0, k̃ is a random variable with cumulative distribution F and density f and
support K ≡ {k0 − Γ,k0,k0 + Γ}. Γ > 0 is the distance between rungs on each firms quality ladder.
The realization, k, of the random variable k̃ determines innovation at time t = 1 by yielding the
difference between firm qualities at time t = 1 with k = ya

1 − yd
1 . If the quality differential narrows,

as would happen when the advantaged firm does not innovate but the disadvantaged firm does, then
k = k0 − Γ. If the quality differential widens, as would happen when the advantaged firm innovates
but the disadvantaged firm does not, then k = k0 + Γ. Finally, If the quality differential stays the
same, as would happen when either no firm innovates or both firms simultaneously innovate, then
the differential quality is unchanged, with k = k0.

In period t = 0, a three-stage game is played. In the first stage of period t = 0, one firm decides
on a price to charge the other firm for an experimental use license to their product. Then, in the
second stage, the other firm sets its price after observing the price set in stage one. Finally in the
third stage each firm simultaneously decides whether or not to purchase the experimental use license
from the other firm. The license has no effect on period t = 0 payoffs other than as a source of
revenue or expenditure. Profits in period t = 1 are determined solely by k. However, nature will
decide (probabilistically) whether each firm will innovate based upon the current value of k0 and
access to intellectual property as results from the combined license purchase decisions.

If i purchases a license from j, then the indicator function Bi returns a value of 1; if i does not
purchase a licences from j then the function Bi takes on a value of 0. Nature chooses k according
to a known cumulative distribution function, F(k|k0,Ba,Bd) =

∫k
−∞

f (x|k0,Ba,Bd)dx. Period t = 1 is
the terminal node, with no license pricing or purchase decisions made. Payoffs are simply awarded
based on the realized value of k.

Holding one firm’s license purchase decision constant, the probability that the other firm will
innovate is larger when it purchases a license. If both (or neither) innovate, the technological
gap (and product market profits) is unchanged. This has consequences for the distribution of the
technological gap, as outlined in Assumption 1:

ASSUMPTION 1. F(k|k0,1,0)> F(k|k0,0,0) = F(k|k0,1,1)> F(k|k0,0,1).

Given the initial technology gap k0 and license purchase decisions, the set-up of the model yields
expected profits from the product market in period t = 1 as given in equation 1:

(1) E[π i(k)|k0,Ba,Bd ] =

∫
k∈K

π
i(k) f (k|k0,Ba,Bd)dk.

As a direct result of Assumption 1, we can write E[π i(k)|k0,1,1] = E[π i(k)|k0,0,0] = π i, for
i = {a,d}. Convexity of the profit functions gives us the following inequalities:7

(2) E[πa(k)|k0,1,0]> π
a > E[πa(k)|k0,0,1]

and

(3) E[πd(k)|k0,0,1]> π
d > E[πd(k)|k0,1,0].

With δ as the common discount factor and ρ i as the price i sets for its license, the discounted
payoff to i is

(4) π
i(k0) + δπ

i

7 These inequalities are a direct application of Jensen’s inequality.
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if neither purchases a license and

(5) π
i(k0) + δπ

i + ρ
i − ρ

j

if both purchase a license.
We now proceed to solve for the best response functions for the license purchase decisions,

which depend on the technology gap and license prices: k0, ρa, and ρd .

The Purchase Decision

Let qi ∈ [0,1] be the probability that player i purchases a license, so that the payoff function can be
written in the following general forms for each of the respective firms:8

(6)

Πa
(
ρa,ρd ,qa,qd

)
=

πa(k0) + qd (δEa (0,1)− δEa (0,0)) + δπa + qdρa − qaρd

+ qaqd (δEa (1,1)− δEa (0,1)) + qa(1− qd)(δEa (1,0)− δEa (0,0))

and

(7)

Πd
(
ρa,ρd ,qa,qd

)
=

πd(k0) + qa
(
δEd (1,0)− δEd (0,0)

)
+ δπd + qaρd − qdρa

+ qdqa
(
δEd (1,1)− δEd (1,0)

)
+ qd(1− qa)

(
δEd (0,1)− δEd (0,0)

)
The payoff functions simply represent the benefits and costs of a change in the technology gap

combined with any license sales. From these payoff functions, the best response correspondence
for the license purchase decision given license prices can be simply derived. We make use of some
additional simplifying notation: Define EB

a (q
d) as the expected benefit to a from purchasing a license

given the purchase decision of d, qd .

(8) EB
a (q

d) = qd
δEa (1,1)− δEa (0,1) + (1− qd)δEa (1,0)− δEa (0,0)

The expected benefit to d from purchasing a license given the purchase decision of a is
analogously written as

(9) EB
d (q

a) = qa
(

δEd (1,1)− δEd (1,0)
)
+ (1− qa)

(
δEd (0,1)− δEd (0,0)

)
.

The best response correspondence for firm i, given below, demonstrates that a firm will only buy
a license if the price is at or below its expected return.

(10) qi(q j) =


qi = 1 i f EB

i (q
j)≥ ρ j

qi = 0 i f EB
i (q

j)≤ ρ j

qi ∈ [0,1] i f EB
i (q

j) = ρ j

The best response correspondences for the license purchase decisions are compact-valued and
upper hemicontinuous, guaranteeing the existence of a Nash equilibrium to the third-stage license
purchase game for any given prices ρa ≥ 0 and ρd ≥ 0. Proposition (1) describes these equilibria

8 Throughout, we use E i(1,1) to represent E(π i(k)|k0,1,1), suppressing both π i(k) and k0 for ease of readability.
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in detail. If the prices charged by both firms are small compared to the change in expected profits
brought about by the license purchase, then there will be an equilibrium in which both firms purchase
an experimental use license, as demonstrated by Case 1 in Proposition (1). When both firms charge
too high a price, as in Case 2, neither firm will purchase a license in equilibrium. However, if either
firm charges too high a price, the other firm will not purchase the license, as in Cases 3 and 4. Case
5 demonstrates that for intermediate levels of pricing, there is a mixed strategy equilibrium. There
are many possible equilibrium outcomes dependent on the prices of both licenses relative to the
expected profits from purchasing.

PROPOSITION 1. Nash equilibrium to the license purchase game is characterized by the
following conditions:

1. There is a pure strategy NE with
{

qa,qd
}
= {1,1} ⇐⇒ both

(a) δEa (1,1)− δEa (0,1)≥ ρd

(b) δEd (1,1)− δEd (1,0)≥ ρa

2. There is a pure strategy NE with
{

qa,qd
}
= {0,0} ⇐⇒ both

(a) δEa (1,0)− δEa (0,0)≤ ρd

(b) δEd (0,1)− δEd (0,0)≤ ρa

3. There is a pure strategy NE with
{

qa,qd
}
= {1,0} ⇐⇒ both

(a) δEa (1,0)− δEa (0,0)≥ ρd

(b) δEd (1,1)− δEd (1,0)≤ ρa

4. There is a pure strategy NE with
{

qa,qd
}
= {0,1} ⇐⇒ both

(a) δEa (1,1)− δEa (0,1)≤ ρd

(b) δEd (0,1)− δEd (0,0)≥ ρa

5. There is a mixed strategy NE with

qa =
ρa − δEd (0,1)− δEd (0,0)

δEd (1,1)− δEd (1,0)− δEd (0,1)− δEd (0,0)
(11)

qd =
ρd − δEa (1,0)− δEa (0,0)

δEa (1,1)− δEa (0,1)− δEa (1,0)− δEa (0,0)

if both

(a) δEd (1,1)− δEd (1,0)< ρa < δEd (0,1)− δEd (0,0)

(b) δEa (1,1)− δEa (0,1)< ρd < δEa (1,0)− δEa (0,0)

Proof. Follows directly from the best response function specified in equation (10). �

In the sections that follow, we consider three distinct games. First, we solve for equilibrium
experimental use license prices for a game in which the technologically advantaged firm prices first.
Then we consider a game in which the technologically disadvantaged firm prices first. Finally, we
consider the case in which no firm has a technological advantage as both firms technology lie on
equal rungs of their respective quality ladders.
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License Pricing: Advantaged Prices First

We now consider the research-licensing game as a whole, taking into account the complication of
license pricing. We model pricing as a two-stage process whereby one firm prices first with the other
pricing subsequently after observing the price set by the other firm. In this section, we consider that
the technologically advantaged firm, a, prices first. The definitions of firm strategy and equilibrium
depend on the order of play.

A strategy for advantaged firm a, sa, is a pair sa = (qa(ρa,ρd(ρa)),ρa), where qa(ρa,ρd(ρa)) is
the probability that a purchases f ’s license and ρa is the price a charges f for a’s license. A strategy
for disadvantaged firm d, sd , is a pair sd = (qd(ρa,ρd(ρa)),ρd(ρa)), where qd(ρa,ρd(ρa)) is the
probability that d purchases a’s license and ρd is the price d charges a for d’s license. Because
we focus our solution on subgame perfect equilibrium, each player must believe that the other will
always make purchase decisions according to her best response function, qi(ρ i,ρ j).

DEFINITION 1. A subgame perfect equilibrium to the pricing game, with the advantaged firm
pricing first, is a strategy profile, s, such that the following conditions are met:

1. qa and qd are a Nash Equilibrium to the license purchase game given ρa and ρd(ρa).

2. ρd(ρa) must be optimal given purchase strategies qa and qd and the price ρa set by the
advantaged firm.

3. ρa must be optimal given purchase strategies qa and qd and the pricing strategy of f , ρd(ρa).

We proceed using backward induction to find subgame perfect equilibria by first finding the
optimal pricing strategy for the disadvantaged firm given the price set by the advantaged firm.
Proposition 2 shows that ρd(ρa) will take one of two values depending on whether ρa is above
or below a threshold. If ρa is sufficiently large, the disadvantaged firm sets a price for its license
whereby only the technologically advantaged firm will purchase a license. However, with ρa

sufficiently low, the disadvantaged firm will set its price at a level so that both purchase a license.
More specifically, when the price of the advantaged firm’s license exceeds the discounted change

in expected profits to the disadvantaged firm (calculated as the difference between expected profits
when both firms purchase a license compared to the case where the advantaged firm purchases but
disadvantaged does not), the disadvantaged firm will price at the highest amount possible that will
induce the advantaged firm to purchase its license. Conversely, when the advantaged firm prices at or
below the same value, the disadvantaged firm will price at the highest level possible that will induce
both firms to purchase an experimental use license from the other.

PROPOSITION 2. The best response function for the disadvantaged firm when the advantaged
firm prices first is

(12) ρ
d(ρa) =


δEa (1,0)− δEa (0,0) if ρa > δEd (1,1)− δEd (1,0)

δEa (1,1)− δEa (0,1) if ρa ≤ δEd (1,1)− δEd (1,0)

Proof. See Appendix. �

Given this best response function for the disadvantaged firm, the technologically advantaged firm
can choose to either price low so that both end up purchasing a license or price high so that only
the advantaged firm purchases, having effectively priced the disadvantaged firm out of the license
market. Proposition 3 shows that it is in the advantaged firm’s best interest to price at a high level
that prevents the disadvantaged firm from purchasing a license.
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PROPOSITION 3. The optimal price for the advantaged firm, when pricing first, is any ρa(k0)
such that ρa(k0)> δEd (1,1)− δEd (1,0).

Proof. See Appendix. �

Having derived the purchase and optimal pricing decisions of both firms when the advantaged
firm prices first, we can focus on equilibrium. While this game has multiple prices the advantaged
firm could set in equilibrium, all such equilibria produce the same equilibrium outcome and payoffs.
The advantaged firm prices too high for the disadvantaged firm to purchase its license, while the
disadvantaged firm sets its price at the highest possible level at which the advantaged firm is willing
to purchase. Only the advantaged firm purchases an experimental use license in equilibrium. This is
summarized in Theorem 1:

THEOREM 1. If the technologically advantaged firm prices first, then all subgame perfect
equilibria to this game have the same outcome: the advantaged firm purchases a license at
price ρd = δEa (1,0)− δEa (0,0) and sets a price of ρa > δEd (1,1)− δEd (1,0) so that the
disadvantaged firm does not purchase a license.

Proof. Follows directly from Propositions 1, 2, and 3. �

License Pricing: Disadvantaged Prices First

Next we consider the case in which the technologically disadvantaged prices in the first stage, with
the advantaged firm pricing in the second stage after observing the price set by the disadvantaged
firm. In the third stage, both players simultaneously make purchase decisions. Because the
definitions of a firm strategy and equilibrium depend on the order of play, we offer new definitions
of each.

A strategy for the advantaged firm, sa, is a pair sa = (qa(ρa(ρd),ρd),ρa(ρd)), where
qa(ρa(ρd),ρd) is the probability that a purchases d’s license and ρa is the price a charges d for
its own license. A strategy for the disadvantaged firm, sd , is a pair sd = (qd(ρa(ρd),ρd),ρd), where
qd(ρa(ρd),ρd) is the probability that d purchases a’s license and ρd is the price d charges a for
its own license. Since we focus our solution on subgame perfect equilibrium, each player must
believe that the other will always make purchase decisions according to her best response function,
qi(ρ i,ρ j).

DEFINITION 2. A subgame perfect equilibrium to the pricing game, with the disadvantaged firm
pricing first, is a strategy profile, s, such that the following conditions are met:

1. qa and qd are a Nash Equilibrium to the license purchase game given ρa(ρd) and ρd .

2. ρd must be optimal given purchase strategies qa and qd and the pricing strategy of the
advantaged firm, ρa(ρd).

3. ρa(ρd) must be optimal given purchase strategies qa and qd and the price ρd set by the
disadvantaged firm.

Again, this game is solved using backward induction to find subgame perfect equilibrium. First,
we find the optimal pricing strategy for the advantaged firm given the price set by the disadvantaged
firm. If the disadvantaged firm has priced its license sufficiently low, then the advantaged firm will set
a price price that is high enough so that only the advantaged firm will purchase a license. However,
if the disadvantaged firm has set a high price, the advantaged firm will set its price in such a manner
that neither will purchase a license. This result is given in Proposition 4.

When the disadvantaged firm prices at an amount that is equal to or exceeds the discounted
expected gain to the advantaged firm from buying a license, given that the disadvantaged firm has



10 January 2019 Journal of Agricultural and Resource Economics

not purchased a license, the advantaged firm will set the price for its experimental use license high
enough to extract all the expected gains that the disadvantaged firm could gain by its purchase. Thus,
the disadvantaged firm does not purchase an experimental use license. Likewise, if the disadvantaged
firm prices below the same threshold, the advantaged firm will price in such a manner that it will
preclude the purchase of a license by the disadvantaged firm, while purchasing an experimental use
license for itself.

PROPOSITION 4. When the disadvantaged firm prices first, the best response function for the
advantaged firm is

(13) ρ
a(ρd)


δEd (0,1)− δEd (0,0) i f ρd ≥ δEa (1,0)− δEa (0,0)

δEd (1,1)− δEd (1,0) i f δEa (1,0)− δEa (0,0)> ρd

Proof. See Appendix. �

Given that the best response function of the advantaged firm’s license pricing as a function of
the disadvantaged firm’s license price, the disadvantaged firm essentially has a decision to either set
its price in a manner that will ultimately result in only the advantaged firm purchasing a license or
setting its price such that neither firm purchases a license. The disadvantaged firm gets the higher
payoff by pricing so that the advantaged firm will purchase its experimental use license. The price
the disadvantaged firm sets is given in Proposition 5.

PROPOSITION 5. The optimal price for the disadvantaged firm, when pricing first, is
ρd = δEa (1,1)− δEa (0,1).

Proof. See Appendix. �

We now have all of the components needed to make a statement about the subgame perfect
equilibria to the license pricing game when the disadvantaged firm prices first. Again, there are many
equilibria to this game, as there are many prices that the advantaged firm could set that would yield
identical payoffs. However, each of these equilibria have the same outcome. In any subgame perfect
equilibrium, only the advantaged firm purchases an experimental use license. This is summarized in
Theorem 2.

THEOREM 2. If the technologically disadvantaged firm prices first, then all subgame perfect
equilibria to this game have the same outcome that involves the disadvantaged firm setting a price
of ρd = δEa (1,1)− δEa (0,1) and the advantaged firm setting a price ρa > δEd (1,1)− δEd (1,0)
so that the disadvantaged firm does not purchase a license but the advantaged firm will.

Proof. Follows from propositions 1, 4, and 5. �

Theorems 1 and 2 are strikingly similar. Whether the advantaged or disadvantaged firm prices
first has no bearing on the final license purchase decisions other than the price paid by the advantaged
firm for a license to use the technology of the disadvantaged firm. In both scenarios, only the
advantaged firm purchases a license, and the advantaged firm actually pays a lower price for the
license it purchases when the disadvantaged firm prices first.

A Technological Tie

Now suppose that both firms start the game at an identical rung on their respective quality ladder
(i.e., k0 = 0). In this case, neither can be characterized as advantaged or disadvantaged, so it is
unnecessary to list identity in the order of play. Without loss of generality, we let player i price first,
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followed by player j. Player j’s best response pricing correspondence (as it depends on the price set
by player i) is the same as that found in Proposition 2, replacing a with i and d with j.

The next step is to identify player i’s optimal pricing strategy given j’s best response. The optimal
pricing strategy for i is given in Proposition 6, which is similar to the result in Proposition 3 except
that the inequality is now weak. The player pricing first can either set the price such that the equality
is satisfied, resulting in both players purchasing a license, or it can set the price high so that the
player pricing first is the only one that will purchase a license. The price set by the first mover will
be equal to or greater than the discounted expected profits that the second mover could gain, given
that the first mover purchases a license.

PROPOSITION 6. When firms have a technological tie, the optimal price for player i is
ρ i(k0)≥ δE j (1,1)− δE j (1,0).

Proof. See Appendix. �

Using these optimal pricing strategies, it is now possible to characterize equilibrium for the case
of a technological tie in theorem 3 below. The theorem shows that two possible outcomes could occur
in a subgame perfect equilibrium. Either the equilibrium is practically identical to that in Theorem
2, with the player pricing first purchasing a license but the player pricing second not purchasing a
license, or both players purchase a license.

THEOREM 3. When there is no technological advantage, k0 = 0, and player i prices before j,
there are two possible outcomes in a subgame perfect equilibrium:

1. Player i purchases a license at a price of ρ j = δE i (1,0)− δE i (0,0) and sets a price
ρ i > δE j (1,1)− δE j (1,0) so that j does not purchase a license.

2. Player i purchases a license at a price of ρ j = δE i (1,0)− δE i (0,0) and sets a price
ρ i = δE j (1,1)− δE j (1,0) so that both i and j purchase a license.

Proof. Follows directly from Propositions 1, 2, and 6. �

Extensions

Large Innovations

In the analysis presented above, we have considered the possibility of patentable innovations that
are small in the sense that they do not allow the innovator to capture the entire market share. We now
discuss the effect of a large innovation which does allow the innovator to capture the entire market
on experimental use licensing.

In this case, the innovation is of such a large magnitude that all consumers will choose to
purchase the product of the innovating firm. To keep matters simple, we assume that in this case
the non-innovating firm will go out of business, resulting in profits of zero in the subsequent period,
while the innovating firm captures monopoly profits of M > π(k).

Whenever a license is sold in our model, the seller charges a price such that the entire discounted
expected gain in profits from the innovation are appropriated to the seller. This leaves the purchaser
indifferent between buying the license or not. The seller is only willing to make such a sale if this
sales price is sufficient to cover the discounted expected loss it would suffer from falling behind
technologically. Now that the sale of the license increases the probability of the advantaged firm
innovating and thus the disadvantaged firm going out of business, the sale price of the license will
have to be sufficiently large to cover all of the expected loss. Such a license will only be sold if
the monopoly profits are sufficiently large. The advantaged firm will still find itself in a situation
whereby it is unable to sell a license to the disadvantaged firm.
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Innovation that leads to monopoly power decreases the parameter space for which any
experimental use license can be sold and does not allow for both firms to buy a license from the
other in any equilibrium.

Complementary Research and Development

A key limitation of the model presented here is that the decision about how much to invest in R&D
itself is ignored. We hold R&D expenditure and effort constant, isolating only the marginal impact
of experimental use licensing on innovation. This is not so different from the approach of Galushko,
Gray, and Oikonomou (2012), in which research activities are determined ex ante and access to
intellectual property reduces breeding cost, as opposed to our model, in which access to intellectual
property increases the probability of innovation.

A richer model would make the R&D expenditures decision endogenous. A key question is
whether complementarity between internal R&D efforts and possessing an experimental use license
increases the incidence under which experimental use licenses can be sold. Allowing innovation
to occur with increasing probability with increased internal R&D expenditure reduces a firm’s
reliance on possessing an experimental use license for the purposes of innovation, the price required
by the seller of an experimental use license is likely to be lower. However, with high levels of
complementarity between internal R&D and experimental use licensing (large investment in internal
R&D can increase the degree to which an experimental use license increases the probability of
innovation), the value of the license to the purchaser increases, as does the price required by a
license seller. These effects cannot be intuited without additional modeling.

Efficient Licensing

The question of what licensing arrangement is efficient requires an analysis of the full economic
welfare effects of licensing. This requires consideration not only of the profits gained by the firms
purchasing and selling experimental use licenses but also of the welfare of agents in the product
market.9 We reference the model of the product market found in Jackson and Smith (2015), which
derives the welfare implications of innovation on both the firms and the agents that purchase their
output in the product market. Proposition 4 in that paper shows that welfare increases the most when
both firms innovate rather than only one firm innovating.

Simultaneous innovation by both firms increases total welfare by the largest amount, so that
efficient experimental use licensing requires each firm to buy a license from the other. This
maximizes the probability that both firms will innovate. Unfortunately, this pattern of licensing
is rarely present in equilibrium. In fact, the only case in which both firms could simultaneously
purchase an experimental use license is when both firms’ initial products have identical quality.
Even then, the equilibrium is not unique, as there is also an equilibrium in which the firm that prices
its license first is the only firm that purchases an experimental use license.

What would be an appropriate policy to combat this lack of efficiency in innovation resulting
from too little experimental use licensing? The main policy tool at play is the intellectual property
rights regime itself. We considered the regime in which each firm has the right not only to sell its
product exclusively but also possesses the exclusive right to use its product in R&D. An alternative
property right regime is to maintain exclusivity in product sales but give a research exemption
allowing the free use of existing products in the R&D activities of all firms. This regime allows
R&D to move forward uninhibited by the sluggish sales of experimental use licenses and would
thus be efficient.

This analysis of efficiency ignores the decision to conduct R&D itself, which is itself a limitation
of the current research. With a research exemption, the incentive to conduct R&D in the first place

9 In our context, agents in the product market are farms that purchase seed.
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would certainly be diminished and could substantially alter the efficiency result presented in this
section.

Extended Time Horizon

Our model was created to focus attention on the strategic interaction stemming from experimental
use license pricing and purchase decisions when access to a competing firms output for experimental
research increases the probability of innovation. In keeping with this focus, we only consider a
world with two periods. One direction for future research is to consider the effect of a longer time
horizon on the licensing decisions, which could have large consequences as it becomes possible for
innovation to cause lead switching. If the disadvantaged firm is able to innovate in multiple periods
while the advantaged firm fails to innovate, eventually the disadvantaged firm’s quality level will
overtake that of the advantaged firm. This possibility will increase the value of an experimental use
license to the disadvantaged firm but simultaneously raise the price that the advantaged firm would
require to make such a sale.

Conclusion

The nature of technological innovation for products in many markets (e.g., agricultural
biotechnology) follows the model of sequential innovation as set forth by the quality ladder model.
However, a limiting assumption of the quality ladder model is that when a firm that makes a
patentable innovation is then able to monopolize the market. Yet most innovated products compete
alongside older generations of products from other firms. Innovation gives the innovating firm an
advantage, but it does not generally eliminate all competition.

We model sequential innovation whereby two firms produce differentiated products and compete
for market share. Innovation by a firm results in a quality improvement of the existing product (e.g.,
increased yield for a strain of wheat targeted for land with specific traits). Additionally, firms may
buy and sell a license for the experimental use of each others’ products in R&D activities. Buying a
license to use a competitor’s product in R&D increases the probability of an innovation occurring.
This complicates the strategic environment as selling a license has two effects: a direct increase in
revenue due to the sale and an increased probability of the competitor innovating, which reduces
profitability. Previous literature (Moschini and Yerokhin, 2008b; Galushko, Gray, and Oikonomou,
2012) was not able to focus attention on the endogenous pricing and purchase of experimental use
licenses, while we explicitly derive these as they occur in equilibrium.

In equilibrium play with one firm having a technological advantage, the order of play has little
bearing on the equilibrium. The technologically advantaged firm will purchase an experimental use
license from the disadvantaged firm, but the disadvantaged firm will fail to purchase a license from
the advantaged firm. This may seem counterintuitive, as it can be difficult to imagine why a firm with
superior technology would have any need for inferior technology in R&D. Ours is not a model that
can apply to every possible scenario but is descriptive of patterns of innovation in the agricultural
biotechnology sector, where one of the key ingredients in creating new germplasm is the possession
of genetic diversity. Even innovations created by inserting genetically engineered traits still depend
on high-quality base germplasm to produce marketable seed.

While our modeling strategy has its limitations, the applicability of our framework extends
beyond the confines of agricultural biotechnology. The cell phone industry provides another
example of a market in which new product generations (quality improvements for an existing
product) compete with older product generations. New products compete alongside newly innovated
products. The cell phone market recently experienced a revolution with the introduction of third- and
fourth-generation cellular networks, with fifth-generation networks coming soon. These high-speed
networks have allowed cell phones to increasingly make use of data and internet connectivity, but
not all customers value a data-driven phone. Some customers are content with voice-only services,
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well after fourth-generation networks have proliferated. As such, when Verizon launched its fourth-
generation cellular network in 2010, it still had to compete with other providers that only had
third-generation networks. The innovation did not lead to a monopoly but certainly had an effect
on consumers’ purchase decisions and firm profitability. A similar dynamic is present in the video
game console market, as Sony, Microsoft, and Nintendo all compete for market share. When one firm
innovates, it may temporarily gain market share but, thus far, no firm has achieved complete market
domination. This type of continued competition after a cumulative innovation also permeates many
software development markets. Our modeling approach and conclusions regarding experimental use
licensing extend to these markets as well.

[Received January 2018; final revision received May 2018.]
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Online Supplement: Proofs

As we proceed we make use of some simplifying notation. Define the discounted expected change
in profit for i as

(S1) ∆π
i(x,y,u,v) = δE

(
π

i(k)|k0,x,u
)
− δE

(
π

i(k)|k0,y,v
)
,

where x and y represent the advantaged firm’s, a, purchase decisions and u and v represent the
disadvantaged firm’s, d, purchase decisions. Now we define κ = 1,0 and P = 1,1 and, finally,
N = 0,0. We can succinctly analyze the four separate cases as

(S2)
∆π i(κ,P) ∆π i(κ,N)

∆π i(P,κ) ∆π i(N,κ),

where κ represents the change from not purchasing to purchasing, P represents always purchasing,
and N represents never purchasing.

Proof. Proof of Proposition 2
• Case 1: Let ∆πd(N,κ)> ∆πd(P,κ)> ρa. Because players must play a Nash equilibrium (NE)

in the third stage of the game, we can look to Proposition 1 to see where play in the third stage
will end up dependant on second-stage play. NE play in the purchase game will result in either
equilibrium (1) or (4), from Proposition 1. It follows that the payoff in equilibrium (1) is larger
than the payoff in equilibrium (4) if

(S3) ρ
d ≥ δ

(
E(πd(k)|k0,0,1)− π

d
)
> 0.

From equilibrium 1(a) in Proposition 1, we know that ∆πa(κ,P)≥ ρd is the upper bound on
price ρd . We also know from the profit function that the disadvantaged firm prefers to sell the
license at the largest price possible: the upper bound. Therefore, it remains to be shown that

(S4) ρ
d = ∆π

a(κ,P)≥ δ

(
E(πd(k)|k0,0,1)− π

d
)
.

This inequality can be rewritten as

(S5) π
a − E(πa(k)|k0,0,1)≥ E(πd(k)|k0,0,1)− π

d .

It follows from Assumption 1 and the convexity of the profit functions, π i(k), that it must be
true that πa − E(πa(k)|k0,0,1)> E(πd(k)|k0,0,1)− πd . Therefore the payoff to d must be
greater in equilibrium (1) than in equilibrium (4).

We can then conclude that the disadvantaged firm optimally prices at ρd = ∆πa(κ,P)
whenever the advantaged firm has priced such that ∆πd(P,κ)> ρa.

• Case 2: Let ρa > ∆πd(N,κ)> ∆πd(P,κ). Nash strategies in the purchase game require the
pricing by the disadvantaged firm to force the purchase equilibrium into either equilibrium (2)
or (3) of Proposition 1. The payoff to equilibrium (3) is larger than that to equilibrium (2) if

(S6) ρ
d ≥−∆π

d(κ,N).

In the Nash equilibrium (3), d wishes to make the price as large as possible, setting ρd = ∆πa.
It remains to be shown that

(S7) ρ
d = ∆π

a(κ,N)≥−∆π
d(κ,N),

which reduces to

(S8) π
a(k0) + π

d(k0)≤ E(πa(k)|k0,1,0) + E(πd(k)|k0,1,0).

It follows from Assumption 1 and the convexity of the profit functions, π i(k), that it must be
true that πa − E(πa|1,0)< E(πd |1,0)− πd , which proves the result.
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• Case 3: Let ∆πd(N,κ)≥ ρa > ∆πd(P,κ). NE play in the purchase game requires that
the pricing decision of the disadvantaged firm forces the purchase equilibrium into either
equilibrium (3), (4) or (5) of Proposition 1. First, we compare equilibria (3) and (4).

The payoff to the Nash equilibrium in equilibrium (3) is larger than that in equilibrium (4) if

(S9) ρ
d ≥ ∆π

d(N,κ)− ∆π
d(κ,N)− ρ

a.

Because ∆πd(N,κ)≥ ρa > ∆πd(P,κ) it follows that

(S10) ∆π
d(N,κ)− ∆π

d(κ,N)− ∆π
d(P,κ)> ∆π

d(N,κ)− ∆π
d(κ,N)− ρ

a ≥−∆π
d(κ,N).

We also know that d will make the price as large as possible, ρd = ∆πa(κ,N).

If we can show that

(S11) ∆π
a(κ,N)≥ ∆π

d(N,κ)− ∆π
d(κ,N)− ∆π

d(P,κ),

then we will have proven that the payoff from equilibrium (3) is strictly greater than that of
equilibrium (4). The equation above reduces to

(S12) ∆π
a(κ,N)≥ δE(πd(k)|k0,0,1)− δπ

d = ∆π
d(N,κ),

which must be true because a is the technologically advantaged firm (the inequality reduces to
equality in the case of a technological tie), and the expected gain to the advantaged firm from
buying a license when the disadvantaged firm does not purchase is larger than the expected
gain to the disadvantaged firm from buying a licences when the advantaged firm does not due
to Assumption 1 and the convexity of the profit functions, π i(k).

Next we compare the payoff to the disadvantaged firm from forcing the equilibrium into
equilibrium (3) versus forcing the equilibrium into the mixed-strategy equilibrium (5). If the
disadvantaged firm forces the equilibrium into equilibrium (3), she will do so, setting the
price as high as possible with ρd = ∆πa(κ,N). If the payoff to equilibrium (3) is to be larger,
the following condition must hold, where ρd is the price the disadvantaged firm charges in
equilibrium (5):

(S13) ∆π
a(κ,N)> (qa − 1)∆π

d(κ,N) + qa
ρ

d − qd
ρ

a + qaqd
∆π

d(P,κ) + qd(1− qa)∆π
d(N,κ).

Because ∆πd(N,κ)> ρa > ∆πd(P,κ), and if the disadvantaged firm pushes equilibrium into
equilibrium (5), then ρd > ∆π il(K,N). After some algebraic manipulation, the above equation
will be shown to be true if we can show that

(S14) ∆π
a(κ,N)≥−∆π

d(κ,N) + qd(∆π
d(N,κ)− ∆π

d(P,κ)).

Because 0 < q j < 1 in equilibrium (5), it follows that

(S15) ∆π
j(N,κ)− ∆π

j(κ,N)− ∆π
j(P,κ) = ∆π

j(N,κ)

and

(S16) ∆π
j(N,κ)>−∆π

j(κ,N) + q j(∆π
j(N,κ)− ∆π

j(P,κ)).

We know that ∆πa(κ,N)≥ ∆πd(N,κ), which establishes the result.

Therefore, it is optimal for the disadvantaged firm to price the license at ρd = ∆πa(κ,N) when
the advantaged firm has priced such that ∆πd(N,κ)≥ ρa > ∆πd(P,κ).

�
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Proof. Proof of Proposition 3
If the advantaged firm prices such that ρa > ∆πd(P,κ), then (given Propositions 2 and 1) the NE

of the buy game will end up in equilibrium (3) of Proposition 1. Using the disadvantaged firm’s best
response function, we see that ρd = ∆πa(κ,N). This results in a payoff to the advantaged firm of

(S17) π
a(k0) + δπ

a(k0).

If the advantaged firm prices such that ρd(k0)≤ ∆πd(P,κ), then the NE of the buy game will be as
in equilibrium (1) in Proposition 1, resulting in a payoff to the advantaged firm of

(S18) π
a(k0) + ∆π

a(N,κ) + δπ
a(k0) + ρ

a.

The payoff to the advantaged firm is bigger in equilibrium (3) than in equilibrium (1) if

(S19) −∆π
a(N,κ)> ρ

a.

Since the advantaged firm will always want to capture the largest price possible in equilibrium (1),
we have ρa = ∆πd(P,κ), which reduces our equation to −∆πa(N,κ)> ∆πd(P,κ) and even further
to

(S20) π
a − E(πa(k)|k0,0,1)> π

d − E(πd(k)|k0,1,0).

This must be true given Assumption 1 and the convexity of the profit functions, π i(k). �

Proof. Proof of Proposition 4

• Let ∆πa(κ,N)≥ ∆πa(κ,P)≥ ρd .

Since k0 < 3t, the convexity of the profit functions and Assumption 1 imply that the
advantaged firm would like the technological gap to get larger, while the disadvantaged firm
would like the gap to get smaller. However, the gain to the advantaged firm from making the
gap larger is bigger than the gain to the disadvantaged firm from making the gap smaller.
Likewise, the loss to the advantaged firm to falling behind is bigger than the gain to the
disadvantaged firm from closing the gap. Therefore, the disadvantaged firm must trade off
between income from a license purchase and the reduction in profit from the gap getting
larger.

With a low price from the disadvantaged firm, the advantaged firm will buy regardless of
the disadvantaged firm’s purchase decision. This gives the advantaged firm a choice between
equilibria (1) and (3) in Proposition 1.

Suppose that the payoff in equilibrium (1) is at least as large is the payoff in equilibrium (3)
for the advantaged firm. Then

(S21) ∆π
a(κ,N)− ∆π

a(κ,P)− ∆π
a(N,κ)≤ ρ

a

and ρa ≤ ∆πd(P,κ), or, equivalently,

(S22) δ (E(πa(k)|k0,1,0)− E(πa(k)|k0,1,1)) ≤ ρ
a ≤ δ

(
E(πd(k)|k0,1,1)− E(πd(k)|k0,1,0)

)
.

There does not exist a ρa that can make this true, because the convexity of the profit functions
and Assumption 1 imply that

(S23) δ (E(πa(k)|k0,1,0)− E(πa(k)|k0,1,1)) > δ

(
E(πd(k)|k0,1,1)− E(πd(k)|k0,1,0)

)
.

Therefore, the best response of the advantaged firm is to set the price high enough that the
disadvantaged firm will not purchase a license. This requires a price such that ρa > ∆πd(P,κ).
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• Suppose that ∆πa(κ,N)≥ ρd > ∆πa(κ,P).

In this instance, the advantaged firm can force the game into a purchasing Nash equilibrium
of equilibrium (3), (4) or (5) in Proposition 1 by choosing her price accordingly.

First, we compare the expected payoffs to the advantaged firm from forcing the game into
either equilibrium (3) or (4). The expected payoff to the advantaged firm from pricing into
equilibrium (3) is greater than from pricing into equilibrium (4) if

(S24) ∆π
a(κ,N)− ρ

d > ∆π
a(N,κ) + ρ

a.

Since in equilibrium (3) we have ∆πa(κ,N)≥ ρd and in equilibrium (4) we have
∆πd(N,κ)≥ ρa, we know that

(S25) ∆π
a(κ,N) + ∆π

d(N,κ)≥ ρ
a + ρ

d .

If we can show that ∆πa(κ,N)− ∆πa(N,κ)> ∆πa(κ,N) + ∆πd(N,κ), then we will have
established that the payoff under equilibrium (3) is higher than that under equilibrium (4).
This condition reduces to

(S26) −∆π
a(N,κ)> ∆π

d(N,κ).

This reduces further to

(S27) π
a − E(πa(k)|k0,0,1)> E(πd(k)|k0,0,1)− π

d .

It follows from Assumption 1 and the convexity of the profit functions, π i(k), that this
inequality must hold.

Now we compare the expected payoff to the advantaged firm from forcing the purchasing
game into either equilibrium (3) or (5) in Proposition 1. The payoff to the technologically
advantaged firm is bigger in equilibrium (3) than in equilibrium (5) if the following holds:

∆π
a(κ,N)≥ qd

∆π
a(N,κ) + qd

ρ
a + (1− qa)ρd

(S28)
+qaqd

∆π
a(κ,P) + qa(1− qd)∆π

a(κ,N)≡ (?)

Because both ρd < ∆πa(κ,N) and ρa < ∆πd(N,κ) in equilibrium (5), we have

qd
∆π

a(N,κ) + qd
∆π

d(N,κ) + (1− qa)∆π
d(κ,N)

(S29)
+qaqd

∆π
a(κ,P) + qa(1− qd)∆π

a(κ,N))> (?).

If we can show that

(S30) −∆π
d(N,κ)≥ ∆π

a(N,κ) + qa(∆π
a(κ,P)− ∆π

a(κ,N)),

then we will have established the result.

Because 0 < qa < 1, −∆πd(N,κ)≥ ∆πa(N,κ), and ∆πa(κ,P)≤ ∆πa(κ,N), the inequality
above holds and it is true that the payoff for the advantaged firm is greater in equilibrium
(3) than in equilibrium (5).

Therefore, the best response in this case is to set the price at any price high enough to force
the equilibrium into equilibrium (3), ρa > ∆πd(P,κ).
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• Suppose that ρd ≥ ∆πa(κ,N)≥ ∆πa(κ,P).

The advantaged firm’s price strategy will cause NE purchase strategies to result in either
equilibrium (2) or (4) in Proposition 1. The expected payoff to the advantaged firm from
pricing into equilibrium (4) is greater than from pricing into equilibrium (2) if

(S31) ρ
a ≥−∆π

a(N,κ).

If the pricing forces the buy game into equilibrium (4), then the advantaged firm will set the
price such that ρa = ∆πd(N,κ), as this is the upper bound on what the disadvantaged firm is
willing to pay. Thus, the above condition can be rewritten as

(S32) δ

(
E(πd(k)|k0,0,1)− E(πd(k)|k0,0,0)

)
≥ δ (E(πa(k)|k0,0,0)− E(πa(k)|k0,0,1)) .

This can never be true as a result of the lead being strict, k0 > 0, along with Assumption 1
and convexity of the profit functions. Therefore, it must be the case that the payoffs under
equilibrium (2) are greater than those under equilibrium (4), and the advantaged firm will
price so that neither party will purchase.

Therefore, the best response for the advantaged firm is to set the price high enough that the
disadvantaged firm will not purchase; that is, any ρa > ∆πd(N,κ).

�

Proof. Proof of Proposition 5
If the disadvantaged firm prices so that ρd ≥ ∆πa(κ,N), then the advantaged firm will price such

that ρa ≥ ∆πd(N,κ). In this scenario, the buy equilibrium is as in equilibrium (2) in Proposition 1,
in which neither buys a license. The payoff to the disadvantaged is

(S33) π
d(k0) + δE[πd(k)|k0,0,0].

If the disadvantaged firm prices so that ρd < ∆πa(κ,P), then the advantaged firm will price such
that ρa > ∆πd(P,κ). In this scenario, the buy equilibrium is as in equilibrium (3) in Proposition 1, in
which the advantaged firm buys but the disadvantaged does not. The disadvantaged firm will want
the highest price possible and will hence set ρd = ∆πa(κ,P). The payoff to the disadvantaged firm
is

(S34) π
d(k0) + δE[πd(k)|k0,0,0] + ∆π

d(κ,N) + ∆π
a(κ,P).

Due to the convexity of the profit functions and Assumption 1, we know that
∆πd(κ,N) + ∆πa(κ,P)> 0, so that the payoff to the disadvantaged firm is largest when the
disadvantaged firm prices such that equilibrium will end up in equilibrium (3) with ρd = ∆πa(κ,P).

�

Proof. Proof of Proposition 6
If i prices such that ρ i(k0)> ∆π j(P,κ), then the NE of the buy game will be as in equilibrium

(3) in Proposition 1. From j’s best response function, we see that ρ j = ∆π i(κ,N). This results in a
payoff to i of

(S35) π
i(k0) + δπ

i(k0).

If i prices such that ρ i(k0)≤ ∆π j(P,κ), then the NE of the buy game will be as in equilibrium (1) in
Proposition 1. This results in a payoff to i of

(S36) π
i(k0) + ∆π

i(N,κ) + δπ
i(k0) + ρ

i.
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The payoff to i is at least as big in equilibrium (3) as it is in equilibrium (1) if

(S37) −∆π
i(N,κ)≥ ρ

i.

Since i will always want to capture the largest price possible in equilibrium (1), we have
ρ i = ∆π j(P,κ), which reduces our equation to

(S38) −∆π(N,κ)≥ ∆π
j(P,κ).

After substituting, we have

(S39) π
i(k0)− E(π i(k)|k0,0,1)≥ π

j(k0)− E(π j(k)|k0,1,0),

which holds with equality for the case of k0 = 0.
�
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