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Abstract

This paper investigates patent protection when there is a long sequence of innovations and firms repeatedly
supersede each other. There can be insufficient incentives for R&D if successful firms earn market profit
only until competitors achieve something better. To solve this problem. patents must provide protection
against tuture innovators. This paper proposes using a patentability requirenient - a minimum innovation
size required to get a patent — to serve this purpose. [ show that a patentability requirement can stimulate
R&D investment and increase dynamic efficiency. Intuitively. requiring firms to pursue larger innovations
can prolong market incumbency because larger innovations are harder to achieve. Longer market neunm-
beney then implies an increased reward to innovation. stimulating R&D investment.

[his paper previeusly eirculated under the title ~Patent Protection When Innovation is Cumulative™. I would like to thank Suzanne
Seotchmer. Matthew Rabin. Brian Wright, Clara Wang. and seminar participants at U.C. Berkeley and the 1996 ASSA meetings for
many helptul comments. In addition. 1 am grateful 1o Paul Klemperer and anonymous referees for their valuable comments on an

carlier draft. Financial support from the France Berkeley Fund and the Alfred P Sloan Foundation is gratefully acknow ledged.

Mail: Ted O’ Donoghue  The Center for Mathematical Studies in Economics and Management Sciences Northwestern University
2001 Sheridan Road. Room 371 Evanston. 11, 60208-2014.

F-mails codonogh a skew2 kellogg nwuedu,



1. Introduction

Economists have studied the design of patent policy for many years. Following Nordhaus (1969).
the patent-design literature initially examined innovations in isolation. emphasizing the trade-oft
hetween creating incentives to conduct R&D and the monopoly distortions resulting from strong
patents. Recently. the patent-design literature has addressed two-stage innovation, where a second
innovation builds upon the first (Scotchmer (1991.1996a.1996b). Green and Scotchmer (1995).
Scotchmer and Green (1990). Chang (1995). Matutes. Regibeau. and Rockett (1996). and Van Dijk
(1995)). This literature identifies the need to transter profit from second-generation innovators to
initial innovators so that initial innovators have sufficient incentives to invest.

For the most part. however. the patent-design literature has not addressed cumulative innovation
consisting of a long sequence of improvements." The question of how to stimulate R&D in a
long sequence of innovations is particularly important in light of the recent endogenous-growth
literature (in particular Grossman and Helpman (1991). Aghion and Howitt (1992). Romer (1986).
and Stokey (1993)). This literature examines how investment in an infinite sequence of innovations
drives economic growth. However, this literature has made only limited attempts to address the role
of patent protection, and how different patent policies might lead to increased or decreased growth.”

This paper is part of a recent literature that investigates patent design when there is a long se-
quence of innovations (see also O Donoghue. Scotchmer. and Thisse (1995), Hunt (1995). and
Cadot and Lippman (19935)). In particular. I show how a patentability requirement — a minimum
innovation size required to get a patent — can stimulate R&D investment in this environment.

The policy solutions for two-stage innovation do not eastly apply to a long sequence of innova-
tions because each innovator is both an “initial innovator™ and a “second-generation innovator.”™
Hence. the problem patent policy must address is not only how to transfer profit to initial innovators
but also how to increase profit for each innovator. Furthermore. a crucial determinant of the re-

ward to success is the rate of market turnover. There can be insufficient incentives to conduct R&D

' Rosenberg (1982.1994) argues that cumulative improvements play an important role in technological growth. Some

specific examples are found in Usher (1954), Gilfillan (1935). and Hunter (1949). The notion of cumulative im-
provements where firms repeatedly supersede each other is related to the notion of “creative destruction™ proposed
by Schumpeter {1942). but improvements here are non-drastic while Schumpeter seems to stress drastic innovations.
Budd, Harris. and Vickers (1993). Vickers {1986), and Reinganum {1983) examine long sequences of patent races.
However, they focus on industry evolution and not patent protection.

2 For exceptions, see Segerstrom (1992}, Davidson and Segerstrom (1993}, and Helpman (1993}, although these pa-
pers limit attention to protection from imitation and do not consider the possibility of protection from future innovators
that is the focus here. O"Donoghue and Zweimueller (1996) examine how the policies discussed here might apply in
the endogenous-growth framework.



because each innovator faces the threat of being superseded by future innovators. Even if patents
enable a successful firm to earn large flow profit. without protection from future innovators the
firm earns this profit only until another firm introduces a better product. The endogenous-growth
literature emphasizes the importance of such ~creative destruction.” but the rate of market urnover
is missing from most of the two-stage patent-design literature.” The question arises how can patents
provide protection against future innovators.

A possible solution is proposed in O’ Donoghue. Scotchmer. and Thisse (1995): Provide patents
with leading breadth — a set of superior products that other firms cannot produce without a license
from the patentholder. It patents have leading breadth. a successful firm must license from some
previous innovators. and these licensing agreements allow firms to consolidate market power and
achieve larger industry flow profit. As a result. there is the potential for larger rewards to success
which can stimulate R&D investment. However. since leading breadth allows some collusion by
tirms. the cost of this policy is increased market power.

In this paper. [ propose an alternative technique to stimulate R&D investment that relies less on
market power. O Donoghue. Scotchmer. and Thisse follow most of the R&D literature by taking
the innovations that firms pursue as exogenous. In reality. firms can often choose how large an
innovation to target. And patent policy can induce firms to choose a larger target by imposing a
patentabiliny requirement. or a minimum patentable innovation size. Requiring larger innovations
in this way scems feasible since innovation size is at least somewhat observable to the patent office.
(The patent statute requires that an innovation be described in detail before a patent 1s issued.) La
Manna (1992) and Luski and Wettstein (1995) discuss how such a patentability requirement could
prevent firms from pursuing suboptimally small innovations.' This paper describes another use for
a patentability requirement. namely as a mechanism to stimulate R&D spending.

In particular. I show that requiring larger innovations for cach generation can induce each firm to
increase its R&D spending. Intuitively. a requirement of larger innovations is a form of protection
from future innovators. When a firm has an innovation. the reward to success depends on how leng
it takes other firms to surpass it. Requiring larger innovations can increase the length of market

incumbency since larger innovations should be more ditficult to achieve. Hence. the reward to a

% Since the focus is on how to transfer profit to the initial innovator. most of the two-stage papers assume for simplicity
that the second innovation occurs immediately after the first.
* In a two-stage model, Scotchmer and Green (1990) find that a stronger patentability requirement may correct

incentives for firms to stav in the race after falling behind.
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successful innovation is larger and firms invest more. This result implies that patent policy should
often require innovations larger than the first-best. where the first-best innovation size is that which
a social planner would choose if it could jointly choose innovation size and spending. If firms spend
100 little at the first-best innovation size. the benefits from increased spending will be first-order
while the cost of suboptimally large innovations will be second-order.

Hunt (1993) also finds that a patentability requirement can stimulate R&D investment in an in-
finite sequence of innovations. Unlike here. Hunt takes the innovations firms pursue as exogenous.
But Hunt points out that if innovation size is stochastic. and successes that are not patentable are
jost. then an increased patentability requirement can increase the reward to success because future
successes are more likely to be not patentable. Although my result and Hunt's result are two dif-
ferent mechanisms by which a patentability requirement can stimulate R&D. they reflect the same
underlying principle: A patentability requirement can increase the reward for R&D by delaying the
next patentable innovation. Hunt also describes an institutional change during the 1980’s towards
a weaker patentability requirement. due in part to a perception that if patents were easier to obtain
then more R&D would take place (see Hunt's paper for more detail). Hunt's paper and this paper
suggest that. in fact, a weaker patentability requirement might retard R&D because there is less
protection from future innovators.

A secondary contribution of this paper is that it provides a model of an infinite sequence of
patent races in which the market incumbent and outside firms simultaneously conduct R&D. Ramey
(1996) provides another such model, where his focus is the implication of the number of firms for
the level of R&D investment. Together these papers provide an initial framework for a richer
model of infinitelv-repeated innovation. in contrast to the endogenous-growth literaturc (as well as
O’ Donoghue. Scotchmer. and Thisse (1995) and Hunt (1995)) which makes assumptions so that
market incumbents do not conduct R&D.

The rest of the paper proceeds as follows. Section 2 examines the relationship between patent
law and the tools of patent design used here and in the previous R&D literature. This section 1s
not required to understand the model. Section 3 presents the model. Section 4 describes how a
patentability requirement can stimulate R&D investment. Section 5 briefly outlines patent policy
with leading breadth. as described by O’Donoghue. Scotchmer. and Thisse (1995), and discusses
how a patentability requirement compares to leading breadth. Finally. Section 6 discusses how a

patentability requirement might stimulate R&D in more general settings.
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2. Patent Protection and Patent Law

The economics literature on R&D has coined several terms related to patent protection: patent
breadth™. ~patent scope™. ~patentability”. and sometimes simply “patent protection™. However.
the literature is often inconsistent in the use of these terms. and there have been only a few attempts
to interpret them in terms of patent law. where none of them explicitly appear. In this section. I
discuss patent law and its relationship to the tools of patent design used in the R&D literature.

I begin this discussion with a brief description of patent law. following Merges and Nelson
(1990). See their paper for more detail. A patent application includes both a detailed description
of the innovation and a set of ¢/aims as to what should be covered by the patent. The patent oftice
will review the application. and grant a patent if the innovation meets the statutory requirements
of noveltv. utility. and nonobviousness. Each patent has a statutory life of 17 years. and during this
time the patentholder can sue for infringement if she believes that another firm is producing a new
product that falls within the claims of her patent. Whether or not the new product infringes the
patent is decided by the patent courts. If the new product is found to infringe, the producer must
cease production and pay the patentholder damages.

Hence. there are two distinct issues in the law concerning patents. First. should a patent be 1s-
sued? Second. does a new product infringe a given patent? The answer to the first question revolves
around the interpretation of the statutory requirements of novelty. utility. and nonobviousness. The
question of infringement is more complicated. The law contains several justifications by which a
product can be deemed to infringe a patent. Perhaps the most basic test for infringement 1s the issue
of ~use of a technology™. If a product uses a technology covered by the claims of a patent. then the
product infringes the patent. However. “use of a technology™ is vague concept. so the courts have
a lot of discretion in how to interpret it.

Given the vague meaning of “use of a technology™. a number of doctrines have evolved in the
courts addressing the question of infringement (see Merges and Nelson (1990)). First, the doctrines
of disclosure and enablement address the validity of the claims of a patent. If a product falls within
the claims of a patent, the product infringes the patent. However. for the claims to be valid. the
patent must contain information not in the prior art that is required to make the product, and the
patent must contain enough information to make the product without significant experimentation.

Second. the doctrine of equivalents states that even if a product represents an advance beyond the



claims of a patent. it can still infringe the patent if it is essentially an equivalent product. Finally. as
a counterbalance to the doctrine of equivalents. the doctrine of reverse equivalents states that even
though a product falls within the claims of a patent. it does not infringe the patent if it represents a
major advance that changes the basic nature of the product.

[ now attempt to relate patent law to the tools of patent design. As discussed above. there arc
two distinct issues in the law concerning patents. | interpret these two distinct issues as two distinct
tools of patent design. First. the law addresses when a patent should be granted. Hence. one tool
of patent design is a patentability requirement — a minimum threshold innovation size required to
receive a patent. The patentability requirement is determined by the interpretation of the statutory
requirements of novelty. utility. and nonobviousness. Second. the law addresses what products
infringe a patent. Hence. another tool of patent design is patent breadth — the set of products
that the courts would find to infringe the patent. In other words. patent breadth specifies a set of
products that no other firm can produce without permission from the patentholder (i.c.. in the form
of a licensing agreement).”

In addition to distinguishing between a patentability requirement and patent breadth. ] also in-
terpret patent law as providing two distinct types of patent breadth. as in O’Donoghue. Scotchmer.
and Thisse (1993). Lagging breadth specifies a sct of inferior products (i.e.. products that require
no further innovation) that would infringe a patent. Leading breadth specifies a set of superior
products (i.e.. products that require further innovation) that would infringe the patent. The strength
of lagging breadth is determined by the interpretation of the doctrines of disclosure and enable-
ment. The strength of leading breadth is determined by the interpretations of “use of a technology ™.
the doctrine of equivalents, and the doctrine of reverse equivalents. Lagging breadth and leading
breadth protect an innovator in two different ways. Lagging breadth prevents other firms from
imitating the innovator. while leading breadth prevents other firms from superseding the innovator
with a small advance. In a sense. the distinction between lagging breadth and leading breadth is
purely semantic. However. when innovation involves cumulative improvements. the two types of

patent breadth can have very different effects on incentives to innovate because the ability to imitate

*  Patent breadth can specify products that are horizontallv and/or vertically removed from the patented product.
Hence. the term is perhaps misleading because ~breadth™ connotes a horizontal characteristic. Indeed Klemperer
{ 1990 suggests using “breadth™ to capture only horizontal infringement and ~height™ to capture vertical infringement.
Although this terminology is probably more descriptive. the two-stage patent-design literature has used patent breadth

to represent vertical infringement to such an extent that [ prefer to stick with that terminolegy here.



may differ from the ability to innovate.*

Each of these tools of patent design has been considered in the R&D literature, but not necessar-
ilv by these names. For example. a few authors have recognized a potential use for a patentability
requirement (Scotchmer and Green (1990). Hunt (1995). Green and Scotchmer (1993), Scotch-
mer (1996a). L.a Manna (1992). Luski and Wettstein (1995). and Van Dijk (1995}). although they
have used different names — “novelty requirement”. “nonobviousness requirement”, or simply
~patentability . Even so. much of the literature has ignored the patentability requirement as a tool
of patent design by either explicitly or implicitly assuming that any innovation is patentable.

The notion of patent breadth has been used more widely. The terms “patent breadth™. “patent
scope”. and “patent protection” are generally used to mean one of lagging breadth or leading
breadth. The literature on isolated innovation (in particular see Gilbert and Shapiro (1990) and
Klemperer (1990)) uses ~patent breadth”™ to mean lagging breadth. or infringement restrictions on
imitators. Indeed infringement restrictions on future innovators are irrelevant since there are no
future innovators. In contrast. the two-stage models of Scotchmer and Green (1990), Green and
Scotchmer (1995). Scotchmer (1991,1996a). Matutes. Regibeau. and Rockett (1996), and Chang
(1995) all focus on leading breadth. and these models implicitly assume very strong lagging breadth.
The multistage models of Grossman and Helpman (1991). Aghion and Howitt (1992), Segerstrom
(1992). Cadot and Lippman (19953). and Luski and Wettstein (1995) implicitly discuss lagging
breadth but do not consider leading breadth. Finally. in the Merges and Nelson (1990) discussion
of patent scope and the law. patent scope encompasses both lagging breadth and leading breadth.
but they do not make the distinction.

Hence in addition to patent life there are three tools of patent design: a patentability requirement.
lagging breadth. and leading breadth. Lagging breadth puts restrictions on imitators. Leading
breadth and a patentability requirement put restrictions on future innovators. The focus in this

paper is the role of a patentability requirement.

©  Like patent breadth in general. lagging breadth and leading breadth both can specify products horizentally and:or
vertically removed from the patented product. The crucial distinction between the two is that lagging breadth specifies
technologically feasible products that infringe (and therefore determines how close imitators can be), while leading

breadth specifies products that require further innovation.



3. The Model

R&D Process

Innovation determines the products that firms are technologically capable of producing. Of
course. patent protection may restrict the products available to a given firm. as discussed below.

Time is continuous. and at any moment in time firms sell products in an output market. Prod-
ucts differ only in their quality. where product quality can be measured along a single dimension.
I assume there is an infinite sequence of innovations that repeatedly increase the maximum tech-
nologically feasible quality. a structure which is similar to the quality ladders used by Grossman
and Helpman(1991) and Aghion and Howitt{1992). If g, is the maximum feasible quality after ¢
innovations and :\, is the size of innovation t. then ¢ = ¢,_; + A,.” Hence. for each innovation
all firms build upon the same base quality. This assumption reflects the disclosure objective of
patent law. A firm receives a patent only if it makes its technology available for others to use. For
simplicity I assume immediate full-disclosure of innovations in patents. In addition, full-disclosure
enables all firms to produce any feasible quality (i.e.. any ¢ < g;) unless prohibited by patents. In
other words. I assume imitation is costless,

For each innovation within the sequence. there is a patent race between .\ identical firms. in-
dexed by i € {1.2..... \'}. Innovation occurs according to a Poisson process. [For each patent race.
firm / wiil have an arrival rate of innovations A'. If 7 is the elapsed time before firm i has an innova-

tion. then 7 has cumulative distribution F{7) = 1 — ¢=*'7 and probability density f(7) = Ae 7.
Assuming independence. the industry arrival rate is Z;\;l A'. The length of each patent race is
stochastic. but I refer to each patent race as a period.

During each period. firm i chooses both the innovation size it targets. denoted A;, and a level
of R&D spending. denoted .r,. The firm’s arrival rate. which depends on both of these choices. is
given by a function A. so A = A{i;. A;). As is usual for modeling patent races. | assume A, >
0 and A;, < 0. where subscripts denote partial derivatives. Increased R&D spending increases
the Poisson arrival rate but with decreasing returns. In addition. I assume Ay < 0 and Axn <

(). Targeting a larger innovaticn size reduces the Poisson arrival rate. and the magnitude of this

reduction increases as innovation size gets larger.

7 [ assume innovations create additive increments to quality, whereas Grossman and Helpman and Aghion and Howitt
assume innovations create multiplicative increments to quality. None of the results depend on this specification. In
addition, [ assume an infinite sequence for analytical ease. The same results and intuitions concerning a patentability
requirement should hold for a long finite sequence since there is no reason to expect unraveling.



To simplify the analysis. I assume the function A is multiplicatively separable in «x and A. In
other words. there exists a function h with » > 0 and h” < 0 and a function g with ¢’ < 0
and ¢” < ( such that A(z. A) = h(x)g{A). This assumption is sufficient but not necessary for the
results. It is a convenient way to limit the cross-partial A, 1 so that it does not take on large negative
values near the first-best innovation size.

Another assumption is that if a firm wants to patent a quality improvement of size A. the best
way to do so is to achieve one innovation of size A rather than o innovations of size LA This will
be the case if it is difficult to maintain secrecy about any innovations that are not patented or if all
innovation sizes in the relevant range are small enough that the magnitude of A is small.

Notice that the technology for making quality improvements is stationary in time. In other
words. if a firm chooses the same (x. A) in two different periods. its arrival rate will be the same

in the two periods. This assumption makes the analysis simpler but is not crucial to the results.

The Output Market

All payoffs to innovation are derived from profits earned in the output market. Suppose there
is mass one of consumers who have homogeneous preferences. Firms compete on price. so at any
time the most recent innovator will produce the maximum feasible quality and supply the entire
market. T will refer to this firm as the market leader and the N — 1 other firms as followers. The
qualities available to each follower depend on patents. Suppose the market leader’s quality 1s g*
and the highest quality available to any of the followers is ¢”. Then the market leader’s qualiry
gap is ' = ¢* — ¢". T assume for simplicity that the marginal cost of production is zero. in which
casc price competition implies that the firm producing quality q" will have price zero. Given the
quality gap . the questions remain what price p(I') can the market leader charge. what quantity
Q(p(I')) do consumers purchase at that price. and what is the static inefficiency (or deadweight
loss) associated with that price-quantity pair.

In general. I do not rely on a specific output-market model. Rather, I assume there is a profit
function =([') that is independent of the specific qualities ¢~ and ¢” (i.e.. it depends on only the
difference ¢ —q*" = ') and satisfies 7(I') < I forallI". Inaddition, [ assume there is a deadweight-

loss function d(T') such that if the quality gap is I and the market leader sells quality ¢". flow



welfare can be represented by ¢* — 4(I').* [ will often focus on the case of a linear profit function
(I} = al for some a € {0.1]. The deadweight-loss function will not play an important role in
the analysis of a patentability requirement in Section 4. only in the discussion in Section 5. But
[ want to emphasize that although the quality gaps created by patents enable the market leader to
carn profits. they also may create a static inefficiency.

Although it is not important to understand the output market beyond thesc basic assumptions. |
describe two specific output-market models that give rise to a linear profit function. An extreme
version of the output market is the case of inelastic demand. Suppose that at all times each consumer
buys at most one unit and receives utility ¢ — p from consuming a product with quality ¢ at price p.
Given firms compete on price. a market leader with quality gap " can charge price p = I'. Hence,
the profit function is #(I') = [ (i.e.. linear with o = 1). Furthermore, inelastic demand implies no
deadweight loss. so (') = 0.

But a linear profit function can also arise without inelastic demand. and with a static inefficiency:
Suppose each consumer purchases at most one quality. but may demand quantity () < 1 of her
chosen quality. Suppose further that each person’s utility from one unit of ¢ is ¢%. and her utility

from consuming quantity () of maximum feasible quality ¢* is ¢" — @l 1 1{1 — Q)? for some a > 0.

If a person chooses quality ¢~ when the price is p. she will purchase quantity Q(p) = 1 - H;;
(assuming the marginal utility per dollar spent in other industries is constant and equal to one). Itis
straightforward to show a person prefers quantity Q(p) of quality ¢" 1o quantity one of quality ¢"
if and only if p < «T. Then for any « > 1 (which guarantees that p = «I’ maximizes profits). we
have 7(T') = (¢ — 2)[" and d(I") = I'. And for any « < -1 the profit-maximizing price is p = %f
sow(I) = EL—ZF and d(I") = %F Again, the point of this output-market model is not that it is
the natural model. but rather that linear profit functions can arise without inelastic demand (and

therefore with a static inefficiency).

More precisely, 1 normalize demand so (2(0) = 1. and then let the utility to each consumer from consuming ¢)
units of the state-of- the art quality q” be g% — d{Q), where d(1) = 0 and dis decreasing in Q. In other words, each
consumer gets utility ¢” from consuming one unit, but utility less than g from consuming @ < 1 umts Given mass
one ot consumers with homogeneous preferences. flow welfare when consumers consume quality g" and quantity Q
is g — d((2) (which is the sum of consumer surpius and firm profits). Finally. define d(I') = d(Q{p(T))). and flow
welfare in the market outcome given quality gap I is ¢* — d(I).

The assumption of =(I'} < T for all [ reflects that market profits cannot be larger than the incrememal value
to consumers of the product l e.. the incremental value to each consumer of consuming one unit of g* rather than
consuming one unit of ¢ is ¢© — ¢" =T



Patent Policy

A social planner could achieve the first-best socially optimal outcome by dictating to firms how
to conduct R&D. Unfortunately, government policy is constrained to create incentives for R&D
with some limited set of policy instruments. This paper focuses on incentives created by patents.
A patent has four characteristics: patent life. lagging breadth. leading breadth. and the patentability
requirement. | now interpret lagging breadth. leading breadth, and the patentability requirement
when product quality is unidimensional.

Suppose the patent on innovation ¢ has lagging breadth A"~ and leading breadth A" and that
the patentability requirement for innovation ¢ + 1 is . Lagging breadth specifies a set of inferior
products that would infringe the patent. so no other firm can produce any quality between g, — K~
and g, without a license. Leading breadth specifies a set of superior products that would infringe
the patent. so no other firm can produce any quality between ¢, and g, + K without a license.
In other words. rival firms can compete without a license only if they produce a quality ¢ < ¢, —
K~ oraquality ¢ > g, + Iv. The patentability requirement specifies the minimum patentable
innovation size for the subscquent generation. so no firm can patent any quality between ¢, and
¢ + P. Figure 1 illustrates these concepts. Notice that lagging breadth protects against imitators.
while leading breadth and the patentability requirement protect against future innovators. Also.
there is no necessary relationship between A~ and 7. Policy could be such that K= > P’ or
A- <Pt

The goal of this paper is to describe how a patentability requirement can stimulate R&D invest-
ment. To focus attention on this issue. [ will restrict attention to a limited set of patent policies.
First. I will examine stationary patent policies — policies under which all generations are treated
identically. Second, I suppose all patents have complete lagging breadth, which means that any
patentable innovation receives sufficient lagging breadth to protect the entire quality increase facil-
itated by the innovation (i.c.. if a patentable innovation has size A. the patent will provide lagging
breadth K~ = A)."" Third. I suppose all patents have infinite lives (T’ = >¢). These three restric-

tions will vastly simplity the analysis. and the basic intuition for how a patentability requirement can

9 If K'* > P.then a firm can get a patent on a product that infringes a previous patent. In the law. such patents

are called “blocking patents™ or ~subservient patents™ (see Merges and Nelson {1990)). The justification for blocking
patents is that if a firm makes a sufficient inventive step beyond a prior technology. then it should receive a patent so
that the dominant patentholder cannot steal the innovation.

' Lagging breadth is a characteristic of a given patent. and as such is independent of who holds previous patents.
Note. however, that if a single firm has consecutive innovations on qualities ¢, and g, |, complete lagging breadth on
cach implies that the firm effectively has the combined lagging breadth of the two patents A, + Ay 1.

10



stimulate R&D investment holds even when we relax these assumptions. An interpretation of the
assumptions of complete lagging breadth and infinite patent life is that this represents the strongest
possible protection from imitation. The focus of this paper is protection from future innovators
when this is not enough.

I assume throughout that the antitrust authorities prohibit collusive licensing — firms entering li-
censing agreements when, given patent rights. licensing is not required. In other words, the antitrust
authorities do not allow licensing when the sole purpose is collusion to increase market profits. For
example. suppose firms A and B own respectively the patents on qualities g, and g;. If they enter
a licensing agreement to sell quality q;. their combined quality gap would be I' = A,_; + A 50
this agreement is desirable from the firms’ points of view. The no-collusive-licensing assumption
implies that the antitrust authorities allow this licensing agreement only if A, < /™. in which case
firm A could prevent firm B from producing without the agreement.

Finally. there are two cases to consider when there is a patentability requirement and no leading
breadth. Followers are always subject to the patentability requirement and therefore only target
innovations larger than P (given costless imitation). But there are two possibilities for the market
leader. The leader may be subject to the same patentability requirement. in which case the leader
also only targets innovations larger than P: or the lcader may not be subject to a patentability re-
quirement and is free to target any innovation size. The former will hold if one takes literally the
assumption of costless imitation. because then the market leader can profitably market an improve-
ment only if he has a patent on the improvement (in addition to the initial patent)." Suppose instead
that for each generation imitation is costless only for the most recent innovator (who is currently
producing). while outside firms must pay some imitation cost € > . Then a follower can profitably
market an innovation only if it has a patent. since otherwise the previous innovator (i.e.. the market
leader) can costlessly imitate. The market leader. on the other hand. can profitably market an im-
provement without a patent since all other firms must incur the € imitation cost (i.¢., the previous
innovator who can costlessly imitate is the market leader himself). I will consider both possibilities

in Section 4.

Equilibrium

The timing of the model is that first the government chooses a patent policy, and then each firm

L Forexample, suppose the market leader owns a patent on quality g, which has complete lagging breadth but no lead-

ing breadth. [f the leader introduces quality g;..; > ¢; without a patent. nothing prevents other firms from producing
any quality ¢ < (qroqe1
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observes the patent policy and chooses a strategy for the infinite sequence of innovations. The goal
is to compare the equilibria under different patent policies. I examine subgame-perfect equilibria
1o the game which follows the government’s choice of patent policy. As in the endogenous-growth
literature (see Grossman and Helpman (1991) and Aghion and Howitt (1992)), there can be multiple
equilibria in this model. There can be cyeling equilibria where firms alternate between high arrival
rates and low arrival rates. and there can be asymmetric equilibria where R&D behavior depends
on the identity of the market leader. In order to compare different patent policies. I restrict attention
to the stationary symmetric equilibrium. as in the endogenous-growth literature.

Note that this restriction per se does not imply that firms behave the same at all times. In par-
ticular. it allows that the market leader can behave differently from followers. and it allows that
behavior can be contingent on the quality gap I'. In general. a stationary symmetric strategy con-
sists of four functions 7. A, 2" and A* such that when the quality gap 1s I all followers pursue

action (+* (I'). A¥(T)) and the market leader pursues action {x*(I'). A*(T}).

Social Welfare

I conclude this section by describing social welfare in this model. Recall that flow welfare
when the maximum feasible quality is g and the quality gap is I' is ¢ — d(I'). Total social welfare is
described by 11" = © — D. where € represents dynamic social welfare (i.e.. the net benefits from
R&D). and D represents the total costs of static inefficiencies. Let ¢; be the market quality at time
. and normalize gy = 0. If we let (x,,. A,;;) be the action for firm ¢ at time 7, and I'- be the quality

gap at time 7. then

N

oC x A
0= / gre Tdr = / (.z:?,_ + A Ay ”) e TdT (N
Jo Z ( ) r

S0

foz

oL
and D= / d(T' e 7dr
Jo

() represents net discounted benefits from R&D realized in the future. The term in brackets

represents the instantaneous net benefit from R&D. An innovation of size A has social value %
(since all consumers receive the new higher quality and all future innovations build on this new
higher quality). If a firm chooses action (. A). that firm creates instantaneous net social benefit

(=~ Alr. A)%) and we sum across firms.



Consider the first-best social optimum in this model.'* At any point in time. a social planner
would choose to produce quantity () = 1 of the maximum feasible quality, so that there is no
deadweight Joss. Then the social planner will choose R&D behavior to maximize dynamic social
welfare (). Since firms have identical R& D capabilities and there is a stationary Poisson innovation
process. a social planner would choose the same action for all firms at all times. 1f all firms choose

action {2. .\) at all times. then dynamic social welfare becomes

o N (.\-’,\(.-z;.g)) (A) |
[ I I

Hence. the first-best action that a social planner would choose. denoted (™. A™}. must satisty

AT AT = A (@ A AT =D (2)

(AT
— 1+ A (r" A" (ﬁ) =0 (3)
-

If A (0. A") < <%. asocial planner would instruct all firms not to conduct R&D (i.e.. 2™ = 0).
And in fact. firms will choose zero spending if A (0. A*) < - For the rest of this paper. [ assume
AA0.27) > Z.so x* > 0 and firms spend a strictly positive amount.

The focus for most of this paper will be dynamic social welfare. and in particular how a patentabil-

ity requirement can stimulate dyvnamic social welfare. I discuss the static inefficiency in Section 5

when I compare different ways to stimulate dynamic social welfare.

4. The Role of a Patentability Requirement

The goal of this section is to describe how a patentability requirement can stimulate R&D invest-
ment and dynamic social welfare. For much of the analysis. I focus on the case of a linear profit
function w{I'} = al. I first show that even with the strongest possible protection from imitation
(i.e.. infinite patent life and complete lagging breadth). without protection from future innovators
(i.e.. no patentability requirement and no leading breadth) firms tend to underinvest in R&D. T then
show that a patentability requirement can both stimulate R&D investment and increase dynamic
social welfare relative to no protection from future innovators. I conclude the section by discussing
the outcome for a non-linear profit function. and show that a weaker form of the main result — that

a patentability requirement can stimulate R&D investment — holds even in that case.

12" This represents what a social planner would cheose when constrained to having at most .\ firms conducting R&D.



To focus on the role of a patentability requirement, [ suppose throughout this section that patents

have no leading breadth (i.e.. K= = 0). I discuss patents with leading breadth in Section 5. When
A~ = (. all innovations are noninfringing. Any successtul follower enters the output market as

the new market leader. and the payofY stream for the previous market leader is terminated. Hence
each successful follower earns flow profit until the first success by another firm."

Of course a firm may have additional successes while it is market leader, and any such successes
can influence R&D behavior afterwards. As outlined in Section 3. a stationary symmetric stratcgy
consists of four functions /. A, &, and A" such that when the quality gap is I all followers
pursuc action (¥(I'). A(T')) and the market leader pursues action (" (I'). A"(I')). However. the
following lemma establishes that in equilibrium cach follower’s R&D behavior is independent of

the quality gap. In other words. at all times all followers take the same action.
Lemma 1 There exists an action (xp. Mg such that 25 (T) = 2 p and AY(T) = Ay for all T.

Proof: Given an infinite sequence of innovations. a stationary Poisson process, and the immediate
tull-disclosure of innovations in patents. the expected time until a firm has a success 1s independent
of other firms™ having successes. Furthermore. in the stationary symmetric equilibrium the value
of being a market leader with gap I' depends only on I'. Let V(') denote this value. Then if a
follower has an innovation of size A. the firm’s value after the innovation will be V"*({A) regardless
of when the firm has the innovation. Hence. followers are effectively innovating in isolation — the
time until a success and the reward to success depend only on that firm’s own actions. As a result.
£y and A™{T) are independent of T, and the value of being a follower is independent of [ as
well. 0]

The assumptions of the model that drive Lemma 1 are the infinite sequence of innovations. the
stationary Poisson innovation process. and the full disclosure in patents, which together imply that
a follower is completely unaffected by another firm having a success. In particular. before another
firm has a success the follower is one Poisson hit away from becoming the market leader. and after
another firm has a success the follower is still one Poisson hit away from becoming the market

leader.

5 There is some evidence that this tvpe of leapfrogging does occur. Both Mansfield (1984) and Levin et al (1987)
suggest that patents often lose all their value before they expire because new innovations have rendered their technology
obsolete. Even so. it is unclear whether the "new innovations™ have ~imitated around™ or ~innovated beyond™ the

previous technology.
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Lemma 1 allows us to write the value of a firm in a simple way. Let A* denote the combined
arrival rate of the N — 1 followers. so AY = (N — 1)A{rp. Ap). Let VF be the value of being a
follower (which is independent of the quality gap T'). and let V"*(I") be the value of being a leader
with quality gap I'. Since each firm will always maximize the current value of the firm. V¥ and

VH(I7) must satisfy forall [':"

AT = i 4+ Mo AR) [1 (Ap) -V I-} )

+ ATV VR

An intuitive (though slightly incorrect) interpretation of these equations is that the instantaneous
return of a firm (r17) must equal the sum of instantaneous profits and instantaneous capital gains.
For a follower. instantaneous profits consist of only R&D expenditures (—z ;). A follower incurs
a capital gain only if it has a successful innovation. which occurs with probability A(zp. Ap). in
which case the capital gain is V" (Ay) — V. For leaders. instantaneous profits consist of market
flow profit minus R&D expenditures. And there are two types of capital gains that a leader might
incur. First. with probability A {z*(I'). A*{T'}} the leader has a success. in which case the firm will
become a leader with a bigger quality gap. Second. with probability A” a follower has a success.
in which case the firm becomes a follower.

Notice that we can rewrite V2(I') as follows:"

. (T AY : 7
VHTY = ]—:(% + Wv’ 4+ I(T) (6)
where |
Iy o+ )\(JJ'[‘(F).{_\L(I“)) {K(l“F.A (1\2 —r(l) + I(I' + AHTY)
Iry = (7)

roo+ AP 4+ X(MT)ANTY)

a(l’

Writing 1'5{T") in this way vields some nice intuition. The first term - \, represents the dis-

‘I All equations assume infinite patent life and complete lagging breadth. The intuitions concerning the “efficiency

effect” discussed in the text hold without these assumptions, but the equations would be more complicated.

- T £orpe - .

5 Tosee the e.quivaler_lce. s‘ubstitute HT + AN = VT AT - “”;“\‘\,_“ - rﬁ\,, V¥ into equations (7)
and (6) to obtain equation (3).




counted value of earning profit flow (') until the first success by another firm."* The second

AF
r—AF

term 17 represents the discounted value of becoming a follower afier the first success by
another firm."” The third term /{I') represents the net discounted expected incremental profit from
any further innovations while market leader. The first two terms arc independent of the leader’s
behavior. which reflects the intuition from Lemma 1. The market leader can influence neither the
behavior of followers nor the expected time until a follower has a success. As a result. the leader
will choose R&D behavior purely to maximize the incremental profit from further successes while
market leader.

An implication of Lemma 1, therefore. is that there is no “efficiency effect” (see Tirole (1988)
and Gilbert and Newbery (1982)) in this model. The “efficiency effect” represents that the market
leader may have an extra incentive to innovate beyond incremental profits because success may
extend the time during which the firm earns profits on its initial advantage. As discussed above.
however. Lemma | implies that successes while market leader do not affect profits earned on prior
innovations. This result reflects an important difference between isolated innovation and repeated
innovation. In the single-innovation context (as discussed by Tirole and Gilbert and Newbery). a
success by the market leader preempts all successes by followers. and thereby extends the time
during which the firm earns profits on its initial advantage. In contrast. with repeated innovation
(and full disclosure) a success by the market leader does not atfect followers — followers just move
on to the next generation,'®

Although there is no “efficiency effect” in the model. the market leader’s behavior could be con-
tingent on the quality gap I because of a “replacement effect” (again see Tirole (1988)). The re-
placement effect” represents that the market leader’s incremental profit from an innovation depends
on his current advantage I'. For example. if 7 is concave then m(T +A) =7 (T) < #(I"+A) —#(l”)
forall T > I'" > 0. As a result. the bigger is the quality gap I'. the smaller is the market leader’s
incentive to innovate. I return to the case where = may be concave at the end of this section. but for

most of this section | focus on a linear profit function. If 7 is linear. there is no replacement effect.

1" Earning a flow payoft = until uncertain time ¢ that has Poisson has arrival rate AY has discounted expected value

b (e

' Receiving a pavoff 17 at uncertain time ¢ that has Poisson has arrival rate A' has discounted expected value
(Ve AR = A

s In fact the “efficiency effect is completely eliminated only if there is an infinite sequence. 1f there is a ~final
period”. then the market leader in that period will have an incentive to preempt followers. And a weaker version of
this incentive will hold in prior periods as well.

1
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and the market leader’s behavior is independent of the quality gap.

Lemma 2 Suppose m(T') = al. Then there exists an action (. Ay ) such that x*(F') = r; and
AT = Ay forall T,

Proof: Given complete lagging breadth, linear profits imply #(I' + A) — #(I'} = A forall T and
A. We can then rewrite equation (7) as
o ]
—rHIy = A (NI ANTY) 'L{—\“ + (I + A(T))

nry = F o A 3 A (M) ARD) 4 Y

For each I'. #"(I') and A% (I") are chosen to maximize /(I'). GivenT does not directly appear in
equation (8). we must have /(L") independent of T'. In other words, J(I'") > I{I'"") implies (T
and A (™) do not maximize [{I'”). Substituting /(I') = /{I' + A*(T)} = I into equation (8) and

solving for /. we have

1 ; | / aA(T)
= | =T (). AT = 9
F= o (et |2 o
Since r*(I") and A (I') are chosen to maximize [ they are the same for all [ a

Note that the assumption of complete lagging breadth is crucial to Lemma 2. If lagging breadth
is not complete. then the conclusion that linear profits imply no replacement effect is not valid.
Specifically. the market leader may have no incentive to innovate because further successes do not
change the quality gap. Nonetheless. if outside firms face an € imitation cost as discussed in Section
3. then the market leader effectively has complete lagging breadth on further successes.

We are now ready to describe the market outcome without protection from future innovators.

Proposition 1 (Without protection from future innovators, firms may underinvest in R& D)
Suppose 7(T') = ol and that I’ = 0 und K~ = 0. Then
(ijaop =1 =r,and Np =N, = A, and
(i) N, = N hut v, < a”

Proof: (1) Recall that r; and A; must maximize /. and from equation (8)
1 OA[
[ = . —r; +A(rp A - I
r AR A A ( . (e Se) L'+;\F+ 1)

Substituting 1 5(Ap) = %‘\‘,— + H\%‘l’ + 7 into equation (4) and solving for V¥, we have

F r+ Q\F 1 ” ) . (IA[.'
s Gy T A e A e (10
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Hence. (rp. Ap) and (. Ap) both must maximize M—,jm (—x+ Az D) [riff +1).

so.ap. =2y and Ay = A, Note thatif oy = 2y and Az = A then equations (8) and (10) imply

|F = =" T and equation (6) then implies V/(I') = -7 + 177 = 27 + oAl

r—AF
(i) (.,,. N, ) must maximize [ = ﬁ (—.1‘;‘ +Arr. AL \L%ﬂ) (see equation (9)). 50 {,. A\, |
must satistv
Mra. A 4+ Aa(r,.A)a, =0 (11)
o
- ({r,. A — = 12
1 + )\_:(1(: ()) (I'+‘\"‘) 0 ( )

where Af = (N - DAl o).

Given equation (2) and the multiplicative separability of A, A{z. A) + Ax(z. A)A = (if and
only it A = \~. regardless of . Hence equation (11) requires A, = A*. From equation (12). r,
satisfies A, (r,. A") (%) = 1. From equation (3), 2™ satisfies A, (2" A¥) (%) =1 a <1

A > 0.and A, < Oimply 7, < 2% g

Proposition 1 (i) states that the market leader and followers behave the same. This result follows
from there being neither an “efficiency effect” nor a “replacement effect™. as well as from the
market leader and followers being treated equally by patent policy. As discussed in Section 1.
Ramey (1996) builds a similar mode! (although innovation size is exogenous). and also obtains
this result (Proposition 7a). More precisely, Ramey assumes the profit function is 7(I') = ol + .3
tor some .3 > (. where .3 represents some rent derived from being market leader. Lemma 2 here
would hold with that specification. so the market leader’s behavior is independent of the quality
vap I'. Then .3 = 0 implies the leader and followers behave the same. and .3 > 0 implies the leader
has a smaller incentive to innovate because there is now a “replacement effect”.

Proposition 1 (ii) demonstrates the threat from future innovators: When there is a long sequence
of innovations. firms tend to underinvest without protection from future innovators. Any successful
firm receives flow profit only until it is superseded. while the increase to flow social welfare lasts
forever. Asaresult, the private reward to success is less than the social reward. so firms underinvest.

It is interesting to ask why there is always underinvestment in this model. in contrast to the
endogenous-growth literature where overinvestment is possible (see in particular Aghionand Howitt

(1992) and Grossman and Helpman (1991)). This difference can be traced to the absence of the

“11f A were not multiplicatively separable, firms might choose A, # A*. However. firms choose the socially optimal

innovation size conditional on what they spend. and firms spend too little conditional on their innovation size.
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so-called ~business-stealing effect™. Aghion and Howitt and Grossman and Helpman build models
where the increment to flow profit from an innovation can be larger than the increment to flow wel-
fare created by that innovation. Intuitively. in their general-equilibrium framework the increment to
flow welfare created by an innovation is independent of aggregate income. while the incremental
flow profit very much depends on aggregate income. An alternative interpretation 1s that there is a
rent associated with being market leader. as in the Ramey profit specification discussed 1n the pre-
vious paragraph. The ~business-stealing effect™ might also be called the “leadership-rent effect™:
Followers have an extra incentive to innovate to capture the leadership rent.

Hence firms always underinvest in the model because of my assumption that each consumer
never pays more than the incremental value of consuming one unit of quality ¢” rather than one
unit of quality ¢”. so there is no leadership rent (i.e.. 7(I') < I" - see footnote 8).% If there were a
~business-stealing effect”™ or leadership rent (e.g.. Ramey’s profit function with 3 > (. or my profit
function with o > 1). then there could be overinvestment. Even so. this paper focuses on the case
where there 1s underinvestment without protection from future innovators. and asks how patents
can stimulate R&D investment.”!

[ now describe how a patentability requirement can stimulate R&D investment and dynamic
social welfare in this environment. Consider influencing the innovations that firms pursue by im-
posing a patentability requirement P > 0. Recall that the market leader may or may not be subject
to the patentability requirement. as discussed in Section 3. For any patentability requirement °.
Lemma | implies that a follower's action is independent of the quality gap I'. Let A¥ (P) and " ( P)
denote the innovation size and R&D spending that followers choose at all times as a function of the

patentability requirement /2. In addition. for any patentability requirement . Lemma 2 implies

#" The fact that firms target the first-best innovation size A~ can also be attributed to the absence of a leadership rent. A

leadership rent would create an extra incentive to become the market leader. so followers would pursue suboptimally-
small innovations. Of course. if the leadership rent were negative, then followers would pursue suboptimally-large
innovations. For example. when lagging breadth is not complete and the market leader therefore does not conduct
R& D, then being leader means experiencing a period without potential innovations.

= Whether there is a “business-stealing effect”™ affects the question of whether there is underinvestment or overinvest-
ment without protection from future innovators. [f there is over investment, then policymakers should reduce protection
from imitation by decreasing lagging breadth and/or shorteming patent life. Tradeoffs similar to those in Gilbert and
Shapiro (1990) and Klemperer (1990) should arise. [fthere is underinvestment. then a patentability requirement (and/or
leading breadth) may be called for.

Further. the existence of a “business-stealing effect™ per se does not affect whether a patentability requirement can
stimulate R&D investment. For example, with Ramey’s profit function (I} = al’ + 3, there is a “business-stealing
effect” and followers may overinvest, But if followers in fact underinvest, a patentability requirement can stimulate
R&D investment (as shown in Proposition 4 below). Note that such a patentability requirement is doubly beneficial
because without it followers target suboptimally small innovations (see footnote 20).
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that the market leader’s action is independent of the quality gap I'. Let AX(P) and #*(P) denote
the innovation size and R&D spending that the market leader chooses at all times as a function of
the patentability requirement /. The following proposition establishes that a patentability require-
ment can stimulate R&D spending for both followers and the market leader, and this result holds

whether or not the market leader is subject to the patentability requirement.

Proposition 2 (A patentability requirement can stimulate R& D spending)

Suppose =(T'} = ol and there is a patemahility requirement 17 > A~

(iy Suppose the market leader is subject to the patentahility requirement. Then for any P>
APy = AF(P) = P and 37(P) = 2" (P): and there exists ' > N* such that d;:,, = d;}, > ()
Jorall P < I

(iiy Suppose the market leader is not subject to the patentability requirement. Then for any
P> A _\’(P) A" AF(P) = P.and i*(P) # 27(P). and there exists P > A* such that

“'j}, > () and ‘i;‘” > 0 forall P < P

Proof: We can rewrite equation (4) as V5 = i (—ap + Map. Ap)V H(Ap)). Using

subscripts to denote partial derivatives. at {x,.\,) we have

Iy

vE =0 _ A (0. A [I’"I‘(Ao) — Lr{.‘] =1

. . avf,
=g = Aa(ro Ay VAL = VI + Mao. Ay)5— =0
OA -
Foranv P > A, = A” cach follower will choose A"(P) = P. and then 2 (P) is defined by

A (F(P).PY [VE(PY = V] = 1. Totally differentiating. we have

. LT - e dVE)=VE g4 F
drf B ()\m [L (Py =1 } + Argas ) + Ay dAr P

— _ 13
dp? _/\II [1 L(P) . ltrlrl] ( -3)

There exists 7 > A, = A* such that &7 > 0 forall I’ € [A*. ') ifat P = A" we have 4. >

0. The multiplicative separability of A implies A, y = ’\—;-\ S0 ()\J._\ [VE(P) -V ] + s (‘jl\i ) =
3 (A [VHP) = VT + A% ) = v and 1 = 0 when P = A", Since A, < 0 we

have =), [If'f‘( ) — 1"’"} > 0. It is straightforward to show ‘Id\; < 0. Hence, at P = A*if
AP =y F

dAF

} < () then "j], > 0.

Proof of part (i) - When both followers and the market leader are subject to the patentability re-
quirement. A*{P) = A¥(P) = P forany P > A". From the proof of Proposition 1. whenever

A, = Apwehave r; = xp.so 25 () = 27 (P). Also from the proof of Proposition 1. & = A

and r; = xp implies VF(Ap) — V¥ = 236 Hence, VH(P) — V¥ = 20% and therefore
m’ m-1t
(Tl < (. so it follows that at /2 = A we have ‘iff, = ":1‘11, > ().
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Proof of puart (iij: When the market leader is not subject to the patentability requirement. the

market leader will choose «; and \; to maximize [ = FT'\—; (—.1:;_ + Mo Ay r“f\’j) Clearly.

AM(P) = A* forany P.and #-(P) is defined by A, (i1 (P). A*) 225 = 1. Totally differentiating.

r+A T
we have
g A —aA* dAf
dr* T AR dP
dr ~,\J.J.%
. P . . . A n
We have £ < O.so A, < 0and A, > 0 implies ‘i;}, > Oforany PP > A,

dF
di.!" .

Followers are subject to the patentability requirement. so A*(P) = P for any > > A*. 4 s

given by equation (13) above, and at P = A~ if W < 0 then fif; > ). We know V¥ =
ﬁ (—rp+ Aap. PYVH(P)). and using the envelope theorem. P = A" implies ’(If‘\i =
%“\,l = 'jA"”‘\‘_\\)’“j\‘f' The envelope theorem also implies that if 7 = A* then % =
% Hence, at I = A* we have d{wfﬂ;f“y] = r_A(;;__‘_\“)(‘”;\“f"" It 1s straightforward to
show % < () (i.e.. the value of being the leader is decreasing in the rate of market turnover).
and the result follows.™ 0

A patentability requirement stimulates R&D investment by extending the length of market in-
cumbency. When future firms target larger innovations. the expected length of market incumbency
increases since larger innovations are more difficult to achieve. Hence the expected reward to any

Fis not increasing everywhere

successful innovation increases. inducing tirms to spend more.
because there is a second effect: Since policy is stationary, not only must future firms pursue larger
innovations. but also current firms must pursue larger innovations. Targeting a larger innovation
lowers each firm’s marginal return to spending. If policy requires very large innovations. the lower
marginal return to spending can outweigh the increased reward to success and lead to decreased
spending.

We can interpret Proposition 2 in terms of effective patent life as defined by O’Donoghue.
Scotchmer. and Thisse (1995). They define effective patent life as the length of time for which
an innovator earns a share of market profits. O'Donoghue. Scotchmer. and Thisse show how lead-
ing breadth can extend effective patent life because future innovators will infringe and therefore

must license from the current innovator. As a result, an innovator can earn a share of profits even

after another firm has a success. Here. a patentability requirement also extends effective patent

ey

- o f . . . - g .
[he result % > 0at P = A~ will not hold if A,y takes on large negative values near A”. The multiplicative
separability assumption is sufficient to establish the result, but it is not necessary.
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lite. but does so in a different way. An innovator's flow of profit is still terminated by the first
subsequent success by another firm. but requiring firms to pursue larger innovations increases the
expected duration before this occurs.

As discussed in Section 1. Hunt (1993) also finds that a patentability requirement can stimulate
R&D investment. and the intuition there is also that a patentability requirement extends effective
patent life. Hunt supposes innovation size 1s exogenous but stochastic. and a patentability require-
ment extends effective patent life by delaying the first subsequent patentable innovation (where
small non-patentable innovations are lost). In contrast. here innovation size is endogenous, and a
patentability requirement extends effective patent life by inducing firms to pursue more ambitious
R&D projects (which on average take longer). In Section 6. I discuss the case where innovation
size 1s endogenous but stochastic. so both effects may be present.

Proposition 2 states that a patentability requirement can stimulate R&D spending. However. it
does so at the cost of introducing an inefficiency in terms of innovation size: Without a patentability
requirement firms target the first-best innovation size. and a patentability requirement induces firms
to target suboptimally large innovations. Even so. the following proposition demonstrates that as
long as the patentability requirement is not too large. dynamic social welfare €2 (defined in equation

(1)) 1s increasing in the patentability requirement.

Proposition 3 (A patentability requirement can increase dynamic social welfare)
Suppose () = al, and there is u patentability requirement P > A*. There exists P > A”

such that g = 0 forall P < P

Proof: Given Lemma | and Lemma 2, we can rewrite dynamic social welfare (equation (1)) as

— [N = 1)y + 2y N (N — DA Ap) A e + Ao A)A]

Q =
2 r
['show “2 > 0 at P = A". from which the result follows. % = Q, 42 10 42, e
(0, £2L. We have
N-1 AYS
Q_r!‘, = . [—1 + /\I(.l‘l A;)—‘?L:!

I !

1 ;
Q,, = - {—1 + A (2. A ‘L}

N-1
Q.L_r.- = — 5 [)\_\{.I’T[f. A[)A[ + /\(11 A[)}

[N
[N



1
QAL = F [/\_\.(-TI,-—\L)-’AL + A(I;A[)}

At P = A Ap = A; = A% and therefore 2,4, = 4, = 0. Alsoat I = A*, equation (12)
implies [—1 A (e Ay 22 ] =0 = [Al + A {ayp. A,_):‘j\’;.‘]. and therefore €2, > 0 and

r—AF
., > 0. Finally. Proposition 2 establishes that ‘fj; > () and ‘f;}[ > () when PP = A~*. whether or
not the market leader is subject to the patentability requirement. The result follows.™ .

Proposition 3 implies that imposing a patentability requirement so that firms target innovations
larger than the first-best can increase dynamic efficiency. Intuitively. by Proposition T when firms
target the first-best innovation size A*, they spend too little. The social benefit of such a patentabil-
ity requirement is increased R&D spending. but there is a social cost because firms target subopti-
mally large innovations. The social benefit of increased spending is first-order near A~ since firms
spend too little. while the social cost of suboptimally large innovations is second-order.

Propositions 1. 2. and 3 apply for the case of a linear profit function. I now consider the casc
of a non-linear profit function. In particular, I show that a version of the main result — that a
patentability requirement can stimulate R&D spending — holds even for non-linear profit functions.
The following proposition establishes that when the market leader is not subject to the patentability
requirement, then a patentability requirement can stimulate R&D spending by each follower.
Proposition 4 Suppose =(1) is evervwhere differentiable, and that when P = 0 followers choose

action {1, . \,). If there is a patentability requirement P > A, to which the market leader is not

subject, then AV (P) = P and there exists I’ > A, such that ‘i;';) > O forall P < .

Proof: Since the market leader is not subject to the patentability requirement. V*(I") will be

differentiable in I°. so a proof analogous to the proof of Proposition 2 is valid. A similar argu-
dVE(P -V F
dAF

ment will imply that at 7 = A, we have 4 if < 0. Then using V¥ =
ph g

dr

L (~ur + Alzp. P)VI(P)) and the envelope theorem. P = A, implies LIS

r—Azp ) dAl R
Arpd,) dVE(AL) dAUEiA,)  ovhiAL) _ ) CdpvRey-vr v GUhia,
FNip S dAT d=gmr> = —gr~- Hence.at P = A, we have dxT = TTAzr AL OAF
. e . auvtia,

Again it is straightforward to show % < (). and the result follows. 0

Proposition 4 is weaker than Proposition 2 in two ways. First. Proposition 4 does not establish

“3 When A is not multiplicatively separable. if a patentability requirement can stimulate R&D investment. then a
patentability requirement can increase dynamic social welfare. In other words, without multiplicative separability,

Proposition 2 mav faii {see footnote 22). But if Proposition 2 holds, then the welfare implications are unchanged.
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whether the patentability requirement will stimulate R&D investment by the market leader. Intu-
itively. if #(I} is non-linear. then Lemma 2 does not hold and the market leader’s action can depend
on the quality gap . Since the patentability requirement will influence the gap I'. it is not clear how
the leader’s spending will respond. Second. Proposition 4 requires that the market leader not be
subject to the patentability requirement. When 7(I"} is non-linear. with no patentability requirement
the market leader may target innovations smaller than those followers pursue. If this is the case.
and the market leader is subject to the patentability requirement, then a patentability requirement
17 > A, will require a discrete change in the market leader’s behavior. As a result, the patentability
requirement may significantly reduce the value of being market leader. which in turn can lead to
decreased R&D spending by followers.

Proposition 4 implies that a patentability requirement can stimulate R&D investment even if the
profit function is non-linear. when there may be a “replacement effect™ and/or a “business-stealing
effect™. There are three questions to consider when evaluating a patentability requirement in terms
of dvnamic social welfare. The first is whether there is underinvestment without a patentability
requirement (i.e.. is a patentability requirement called for). If m(I') < T, then there will be under-
investment. But if there is a “business-stealing effect™ and «(I") > L. then there can be overin-
vestment and a patentability requirement is unnecessary. The second question is how responsive is
R&D investment to a patentability requirement. The answer to this question depends on the relative
strengths of two effects — by how much is the length of market incumbency extended. and by how
much is the marginal return to R&D investment affected by increased innovation size. The final
question is how costly in terms of dynamic social welfare is it for firms to pursue larger innova-
tions. In fact. “a replacement effect™ may imply that firms target suboptimally-small innovations
(sec footnote 20). in which case a patentability requirement may be doubly beneficial.

Of course. this discussion ignores alternative policy tools. and in particular leading breadth. That

comparison is the subject of the next section.

5. A Patentability Requirement Versus Leading Breadth

This paper describes how a patentability requirement can stimulate R&D investment when there is
a long sequence of innovations. O'Donoghue. Scotchmer. and Thisse (1995) describe how leading

breadth can stimulate R&D investment when there is a long sequence of innovations. In this section,
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[ discuss the advantages and disadvantages of the two types of policy. This discussion 1s by no
means meant to be a rigorous comparison. Such a comparison would require significant further
modeling — a formal model of licensing. a more detailed description of static inefliciencies, further
specification of the Poisson arrival rate — and is beyond the scope of this paper.

If there is underinvestment without protection from future innovators. then the underlying prob-
lem which patent policy must address is how to increase the reward to success for each firm in the
sequence of innovations. For the purpose of this discussion. consider the case of a linear profit func-
tion. and suppose that market incumbents never conduct R&D. Also. throughout I focus on patents

with infinite life and complete lagging breadth. Without protection from future innovators (i.e..

P =0and K = 0). the reward to success is rffﬂ\'f,-. With a patentability requirement F > A”. the
reward to success becomes ;:% where A7" < AY. Hence. a patentability requirement increases

the reward to success in two ways: Flow profits are larger because firms target larger innovations,
and more importantly the duration of market incumbency is longer. The result can be increased
R&D spending.

O’ Donoghue. Scotchmer. and Thisse (1993) describe how leading breadth can simulate R&D
by allowing firms to consolidate market power and earn larger market flow profit. A crucial com-
ponent of such a policy is that leading breadth allows some collusion by firms, and therefore large
market flow profit. As a result. leading breadth can potentially be quite effective at stimulating
R&D investment. However. this collusion and the resuitant market power is costly in terms of
static efficiency. To demonstrate this intuition. I discuss a specific policy with leading breadth.

Suppose leading breadth is '~ = 2A*. so that the patent on quality ¢, prevents other firms
from producing any quality ¢ € [q,. g, + 2A*). and consider the market outcome when firms target
innovation size A*. At any point in time. producing the maximum feasible quality g’ requires
permission from two firms: The most recent innovator who has the patent on quality ¢', and one
infringed patentholder who has a patent on quality ¢" — A*. These two firms must enter a licensing
agreement. The flow profit available to these two firms is 7(2A") because the highest quality
available to another firm is ¢’ — 2A". the quality patented by the third-most-recent innovator. (The
third-most-recent innovator cannot participate given the no-collusive-licensing assumption.) These
two firms will bargain to determine how this profit will be split. For purposes of the discussion
here. 1 will assume there is a stationary bargaining solution (s;. s2) such that at any time the most

recent innovator gets share s; and the infringed patentholder gets share s;. Then given rate of
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market turnover AY”. the reward to successful innovation will be
a2 Al
4 A S1 r AI"H 32

As long as there are no significant licensing inefficiencies. the large market profits created by

(14)

collusion — #(2A*) rather than 7(I?) — create a larger reward to success with leading breadth than
with a patentability requirement. (In general. the optimal patentability requirement will be on the
order of 0% to 50% larger than A*, and always less than 22" ™) As a result. leading breadth
may be more effective at stimulating R&D spending than a patentability requirement. In terms
of dynamic efficiency. then. leading breadth may be better than a patentability requirement in two
ways: Leading breadth may be more effective at stimulating R&D spending. and a patentability
requirement is costly in that it forces firms to target suboptimally large innovations.

Even so. the discussion up to now has considered only dynamic social welfare. A complete
comparison of the two types of policy must consider both dynamic efficiency and static efficiency.
Increased static efficiency is associated with a smaller quality gap. which implies decreased market
power (i.e.. the deadweight-loss function d(I') is increasing in I'). In the simple world here where
market incumbents do not innovate. the quality gap with a patentability requirement P > A™ is
always /°. and the quality gap with A~ = 22~ is always 20", Since d(2A*) > d( ), we have the
basic trade-ofY foreshadowed above. Leading breadth may be better in terms of dynamic efficiency
because it allows some collusion and therefore increases total available profit. but a patentability
requirement is better in terms of static efficiency because collusion and market power are costly.
It is therefore unclear which tvpe of policy is better in terms of total efficiency. The answer will
depend on how costly is market power. how costly are suboptimally large innovations, and what
is the specific licensing outcome. As mentioned above. a rigorous analysis is beyond the scope of
this paper. But we can make a few further comments about this comparison.

First. since leading breadth relies on increased profits created by licensing agreements. the ef-
fectiveness of leading breadth can be undermined by licensing inefficiencies. In fact, two types
of licensing inefficiencies might arise in this environment. First. for some reason the firms might
not divide the entire surplus. For example. there might be transactions costs, or incomplete in-
formation leading to delay. These licensing inefficiencies can be represented by s; + s2 < 1. In

addition. O Donoghue (1996) points out that even if every individual licensing agreement is effi-

2E A AT < Aa (e ATIAT = 0and Aay < 0imply Alr.2A7) < 0, so the optimal patentability requirement must

be less than 2.0,



cient (s, + 2 = 1). licensing can be ineflicient across time because each innovator’s payoffs are
backloaded (i.e.. s, is larger than s;). Initiaily. an innovator earns a small share of profit because
his innovation infringes on previous patents. but later the innovator earns a large share of profits
when future innovations infringe his patent (and not previous patents).” 1f any of these licensing
efficiencies are particularly large. leading breadth may be worse than a patentability requirement
even in terms of dynamic efficiency.™

In addition. leading breadth may create problems for antitrust policy. A patentability requirement
regime is a world where no collusion is allowed by the antitrust authorities. On the other hand. the
leading breadth regime is a world where some collusion is allowed. Allowing some collusion may
be problematical if there are observability problems in terms of what is an “innovation™. For exam-
ple. two firms might create “innovations™ that have no value to consumers. but the “innovations™
cnable the firms to get patents and collude.

Finally, | note that a patentability requirement may be effective when used in conjunction with
lcading breadth. The reward to success under policy A~ = 2A” depends on the rate of market
turnover A7 (sec equation (14)). A patentability requirement can force firms to target larger inno-
vations and therefore decrease A””. As long as s, is not significantly larger than s,. slowing the

rate of market turnover will increase the reward to success. just as in Section 4.

6. Discussion

This paper proposes that requiring larger innovations can stimulate R&D when there is a long se-
quence of innovations. Intuitively, if effective patent life is determined endogenously by when other
firms achieve a sufficiently better product. requiring future innovators to achieve larger innovations
can extend effective patent life.

An important question for this paper is how to implement the policy recommendations. Clearly.
in reality one cannot quantify the patentability requirement or leading breadth to the extent done in
this paper. Even so, one can still make gualitative policy recommendations — should a patentability

requirement or leading breadth be stronger or weaker. Indeed. Hunt (1995) describes a conscious
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O’ Donoghue (1996) discusses reasons why we might expect s; to be significantly less than s, and shows that
pavoffs may become more backloaded when licensing agreements include a bigger set of innovators.

2% Merges and Nelson (1990) argue that patent scope. by which they mean leading breadth, should be strong only if
an industry has a tradition of extensive licensing of technologies.
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decision in the 1980’s to make the patentability requirement weaker. and it is interesting to ask
whether this was a good decision. More generally. the patent office and the patent courts are re-
peatedly assessing whether a patent should be (or have been) granted. To answer this question. they
must have some notion of the “strength of the patentability requirement™ in mind.

[ now conclude by discussing how the results might carry over to more general settings than
the model described in this paper. First. | assume that the number of firms is exogenous. Suppose
instead that there is free entrv and a fixed cost to R&D. A common result is that entry leads to
increased industry R&DD investment. although each firm may spend less (for example see Hunt
(1993) and Ramey (1996)). If a patentability requirement makes R&D more profitable. thereby
encouraging entry, its effectiveness is enhanced. But if a patentability requirement makes R&D
less profitable. thereby encouraging exit. its effectiveness is mitigated. Unfortunately, it 1s not
obvious which of these occurs.

In the model. there is no “efficiency effect”. in large part due to the memoryless Poisson inno-
vation process. Suppose instead the R&D process is cumulative so that market leader successes
temporarily decrease the probability of success for followers. Then there is an “efficiency effect™
The market leader may spend a lot to preempt followers. and this can discourage spending by fol-
lowers. Even so. the basic intuition should hold: A patentability requirement will prolong market
incumbency and therefore stimulate R&D investment. However. it may be optimal to condition
the patentability requirement on the quality gap so as to encourage market turnover when the gap
becomes large.

[ use a very specific model of the risk of R&D projects —all uncertainty concerns when a success
occurs. Obviously. there are alternative models. For example. R&D projects might involve a fixed
investment time but uncertain success (where firms abandon failed projects). Even so. the essential
condition needed for the main result is that firms jointly choose how ambitious a R&D project to
pursue and how much to spend on that project.

Finally. suppose innovation size is stochastic (as in Hunt (1995)). but endogenous. In other
words. each firm chooses a target innovation size. but there is uncertainty in the actual innovation
size. where both the probability of success and the distribution of actual innovation sizes is deter-
mined by the target. In this environment. a patentability requirement may be more effective (than
in the basic model) since the mechanism discussed in Hunt and the mechanism discussed here may

both be at work. Furthermore, there may be an important reason to provide leading breadth in con-
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junction with a patentability requirement. Small innovations may occur even with a large target.
and those that do not surpass the patentability requirement may be discarded. Leading breadth in
conjunction with a patentability requirement may imply that firms can license these ideas to the

market leader. so they are not lost.
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