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Compulsory Licensing, Innovation and Welfare*

Jacob Seifert!

July 26, 2013

Abstract

This paper investigates the welfare effects of compulsory licensing, taking into
account both static (information sharing) and dynamic (innovation) effects.
Compulsory licensing is shown to have a positive impact on consumer surplus.
Compulsory licensing has an ambiguous effect on total welfare, but is more
likely to increase total welfare in industries which are naturally less competi-
tive. Furthermore, compulsory licensing can be an effective policy to safeguard
competition per se. These welfare results hold when R&D incentives favour the
leading firm (‘persistent dominance’) and when they predict that the follower
will overtake the incumbent (‘action-reaction’).

JEL: D43, D92, 113, 031, O34, 038
Keywords: compulsory licensing, competition policy, innovation, welfare

1 Introduction

It is well known that the unregulated exploitation by firms of their intellectual prop-
erty (IP) rights can limit competition.! This paper focuses on a particular example
of such behaviour: the unilateral refusal by a dominant firm to license its IP. As
with the broader class of anticompetitive actions known as ‘refusals to deal’, such a
refusal to license may be deemed an abuse of dominance on the basis of the anticom-
petitive harm that it generates. In such circumstances, a competition authority may
impose a compulsory licence — a legal obligation to share IP in exchange for fair, rea-
sonable and non-discriminatory (or FRAND) compensation? — in order to promote
competition in the market. This was the course of action adopted by the European

*T would like to thank David Ulph, Yannis Katsoulacos, Yassine Lefouili, Marco Mariotti, David
Seifert, Vincenzo Denicolo, Jozsef Sdkovics, as well as participants of the 2013 CRESSE Conference
and the St. Andrews Workshop on Competition, Innovation and Competition Policy for helpful
comments and discussion. Financial support from the ESRC is gratefully acknowledged. Any
errors and omissions are my own.

T Author’s affiliation: School of Economics & Finance, University of St. Andrews, St. Andrews,
Scotland, UK. e-mail: jcs43@st-andrews.ac.uk

!See, for example, Pate [2003).
2This is a rather vague notion, there being no formal guidance on the determination of FRAND
prices. See, for example, O’Donoghue and Padilla [2006].



Commission, for example, when it ordered Microsoft to share interoperability infor-
mation relating to its server technology with rival firms in 2004.% Nevertheless, the
high profile Microsoft case notwithstanding, there have been very few instances in
which compulsory licensing was imposed, and none (to our knowledge) in the US.*
Of course the argument against compulsory licensing is that, by undermining the 1P
protection of innovating firms, it reduces firms’ incentives to innovate.® It follows
that the welfare impact of compulsory licensing is, in principle, ambiguous, since it
promotes competition only at the expense of reduced innovation incentives. While
this paper confirms these conflicting effects, it also identifies two important cases in
which the imposition of compulsory licensing is unambiguously welfare enhancing;:
(i) when the relevant welfare measure is consumer surplus and (ii) when it is total
welfare, provided the industry in question is sufficiently uncompetitive.

The economic literature on the effects of compulsory licensing remains limited to-
date.5 In terms of the effect of compulsory licensing on innovation incentives, both
Gilbert and Shapiro [1996] and Kiithn and Van Reenen [2008] argue that compulsory
licensing is likely to reduce R&D incentives, at least at the level of the firm which
is obliged to license, if not at the industry level. Acemoglu and Akcigit [2012]
show that compulsory licensing can actually induce a positive incentive effect in a
dynamic model, due to what the authors term a “trickle-down” effect — the idea
that optimally designed IP policies should offer stronger protection for leading firms
in order to promote R&D spending by followers attempting to catch up. While this
is an interesting theoretical result, it is rather difficult to relate it to the current
policy context, given that the refusal to license offence is considered a potential
abuse of dominance, implying that compulsory licensing weakens the IP protection of
leading firms only. Moreover, given the very limited number of rulings implementing
compulsory licensing in practice, it appears that policy makers do perceive there to
be a cost to implementing such a policy, suggesting that the negative incentive effects
should be taken seriously.

In terms of welfare, Tandon [1982] derives the optimal patent structure for in-
novations subject to compulsory licensing, and presents computations to suggest
that compulsory licensing may be welfare enhancing in that context. Given that the
welfare question is not the primary focus of that paper, several important issues —
such as technological uncertainty, explicit competition at the innovation stage and
the potential for voluntary licensing — are not considered in the analysis. More re-
cently, Stavropoulou and Valletti [2013] have shown that compulsory licensing can
be welfare enhancing, despite reducing the incentives to innovate, in the context of
a North-South model of pharmaceutical trade (a framework quite distinct from that

3 Microsoft was also ordered to pay a fine of ¢.€500 million.

*See American Bar Association [2003] for a useful summary of cases.

"Feldman [2009], Rozek [2000]

STssues relating to the incentives to license innovations woluntarily and associated R&D effects
have been discussed extensively in the literature, however. See Creane [2009], Rey and Salant [2012],
Katz and Shapiro [1985, 1986, 1987], Sen and Tauman [2007], Gallini and Winter [1985] and Gallini
[1984], amongst others.



developed here). Using another North-South model, Bond and Saggi [2012] show
that compulsory licensing may either increase or decrease global welfare, depending
on its impact on the entry decisions of patent-holding firms.”

This paper contributes to the emerging welfare literature by developing a gen-
eral analysis of the static and dynamic effects of compulsory licensing. The welfare
analysis is carried out in the context of both a consumer surplus and a total welfare
standard, as well as in the case where the competition authority cares about pro-
tecting competition per se under a so-called foreclosure standard.® We further allow
for the behaviour of firms to differ according to prevailing industry R&D dynam-
ics. While incumbency brings higher profits in a static sense, it may in general be
either advantageous or disadvantageous in the sense of dynamic R&D competition.
When innovation incentives favour the incumbent, we say we are in a ‘persistent
dominance’ setting, since the leading firm is predicted to strengthen its dominant
position via innovation. But it may also be true that innovation incentives favour
the less efficient firm, and that successful innovation allows it to acquire the techno-
logical lead in the market, a scenario referred to as ‘action-reaction’.? It is important
to determine whether the incentives for dominant firms to refuse to license and the
associated anticompetitive harm carry over to the action-reaction setting, in which
the dominance of the incumbent firm is, at least in the dynamic sense, weaker.©

We find that dominant firms do face incentives to refuse to license under both
persistent dominance and action-reaction. In both scenarios, compulsory licensing
leads to a fall in aggregate innovation spending. Nonetheless, under persistent dom-
inance, compulsory licensing increases consumer surplus, even when dynamic effects
are taken into account, because it guarantees that the most preferred consumer sur-
plus outcome is realised. In terms of total welfare, the effect of compulsory licensing
is ambiguous, but it is more likely to be positive when the industry in question
is naturally less competitive. Compulsory licensing is also shown to equalise the
innovation incentives of the firms, which in turn implies that it will be an effec-
tive tool to protect the competitive process per se under a foreclosure standard. In
the action-reaction setting, the effects of compulsory licensing on R&D are quite
different — most importantly the innovation incentives of the firms are no longer
equalised. Nevertheless, all the welfare results go through (subject to one additional
minor assumption).

The remainder of the paper is organised as follows. The following section outlines
the model. Section 3 investigates the implications of compulsory licensing for both

"Katsoulacos [2008] addresses the related question of which legal standard is appropriate for
refusals to license IP.

8The most common position in practice is for competition authorities to follow a consumer sur-
plus standard (two exceptions are Canada and New Zealand, which follow a total welfare standard).

9This follows Beath et al. [1995]. Carlton and Gertner [2002] argue that most R&D-intensive
industries, such as the IT, pharmaceutical and chemical industries, are characterised by action-
reaction competition.

10Tf they did not, one solution to the refusal to license problem would be to promote policies
aimed at generating action-reaction, rather than implementing compulsory licensing directly.



innovation incentives and welfare in a persistent dominance setting, while Section 4
considers the action-reaction case. Section 5 concludes.

2 The Model

We analyse a three-stage model of innovation, fixed-fee licensing and production.

Stage 1 — Innovation

Consider a technology race defined in terms of a cost or quality gap, in which the gap
is measured relative to the existing industry standard. Suppose there are just two
firms: the follower has the technology which defines the existing industry standard,
while the leader has a product or technology which is ahead of this industry standard
as a result of some previous innovation, to be understood in the sense of lower cost
or higher quality. We write these gaps in the initial position as gr = 0 and g, = G,
0 < G < 1, for the follower and leader, respectively, where the maximum conceivable
gap has been normalised to 1. Firms are racing to be the first to discover a new
technology that, for whoever is the first to discover, will increase their gap over the
industry standard by the amount g, 0 < g <1-—G.

The competitive aspect of the firms’ R&D decisions is captured in a tournament
model of R&D. Firms select a hazard rate (instantaneous innovation probability,
conditional on no firm having innovated up to that point) to maximise their expected
discounted future profits. We assume that R&D costs are quadratic, which implies
that the choice of a hazard rate is equivalent to a choice of R&D expenditure. Let
the hazard rate chosen by the leader be denoted by x and that of the follower by y;
x,y > 0. Writing the flow rate of profits earned in the product market as the result
of winning the innovation race, losing the innovation race and under the status quo
as ™, wl and 70, respectively, with 7" > 70 > 7l Beath et al. [1989] show that
the competitive choices firms make over hazard rates are determined by two factors.
Firstly, the competitive threat — denoted CTy,k = L, F — is a strictly increasing
function of the difference (7" — ) between the profits from winning and losing the
race. Secondly, the profit incentive is a function of the difference (7" — %) between
the profits from winning the innovation race and under the status quo. Under certain
weak conditions (which are assumed to hold throughout) the competitive threat will
be the dominant factor determining firms’ R&D spending.!' For this reason, and
for the sake of clarity, we focus on the competitive threat as the dominant factor in
firms’ innovation decisions.

Assumption 1. The outcome of the innovation race is determined by the relative
magnitudes of the competitive threats.

1The necessary and sufficient condition for the competitive threat to be greater than the profit
L w

L2 . . . -
- 71'0) < [" T ] , where r is the exogenous risk-free interest rate. This is always

satisfied for r sufficiently small, for example.

incentive is (71'



It is also straightforward to show that the equilibrium R&D spending of the firms
is increasing in the competitive threats of both firms. This justifies the following
assumption.

Assumption 2. Consider two equilibria in hazard rates (acl,yl) and (mQ,yQ) with
corresponding competitive threats (C’TLl,C'T},) and (CTI%,CTI%). If (C’TbC’T}) >
(CT%,CTI%) then (xl,yl) > (acz,yz).

These assumptions will allow us to translate results in terms of competitive threats
into actual R&D spending implications.

Stage 2 — Fixed Fee Licensing

In order for compulsory licensing to be a meaningful policy, it must be the case
that not all firms decide to license their innovations voluntarily. Several papers have
shown that precisely such an equilibrium involving full diffusion of innovations will
result when licensing is based (in whole or in part) on per-unit royalties.!®> Hence,
in order for the refusal to license problem to arise, it is necessary to assume that
licensing is based on fixed fees only. In our model, firms bargain over the licence fee
at which the technology is shared, and this is assumed to result in a Pareto-efficient
outcome. This implies licensing will only occur voluntarily if it increases the firms’
joint profits. We define compulsory licensing as a licensing deal that is (i) imposed
by the competition authority when voluntary licensing is not feasible and (ii) priced
below the maximum willingness to pay of the licence purchaser (FRAND).

Stage 3 — Production

The nature of competition in the product market will be treated quite generally.
The following assumptions are consistent with homogeneous-product Cournot com-
petition, though they may also be true more widely. Let 7 (ga,g3) denote the
operating profits made by a firm with gap g,, 0 < g4 < 1, when its rival has a
gap gg, 0 < gg < 1. Assume this satisfies On/dgo > 0 and On/dgs < 0. Let
Y (9a,98) = 7 (ga,98) + 7 (98, ga) denote industry profits when one firm has a gap
Jo While the other has a gap gg. It is a standard property of Cournot equilibria that
the equilibrium price, aggregate output and hence consumer surplus depend only on
the average gap, and so, effectively, on the combined gap g, + gg. Consequently, in
what follows, it is assumed that consumer surplus is a strictly increasing function of
the combined gap, denoted by C'S (go + gg) with C'S” > 0. In certain industries, it
may be possible for the leader to foreclose the follower by opening up a sufficiently
large lead. Where foreclosure is a possibility, we define the ‘foreclosure margin’ g as

121 Appendix A we show that these assumptions are satisfied in a setting where the profit
incentive has been normalised to zero.

13See Kamien and Tauman [1986] and Kamien et al. [1992] for licensing based purely on royalties,
and Sen and Tauman [2007] for the case of optimally combined fixed fees and royalties.



the critical value of the leader’s advantage over the follower, such that the follower
will be forced out of the market if and only if g;, — gr > 9.

In Appendix B we develop a homogeneous-product Cournot benchmark (com-
prising both a general demand environment and a specific linear demand example),
which allows us to relate the results of the model to two measures of industry com-
petitiveness: the Herfindahl index and demand elasticity. Further discussion of the
Cournot benchmark is contained in Appendix B. In what follows the variable 2]’
will denote the value of variable z that accrues to firm k£ = L, F' if the winner of
the race is firm j = L, F, and if the degree of information sharing is s = N, V,C,
where N denotes no licensing, V' denotes a voluntary licensing regime and C denotes
compulsory licensing. If a variable z is written without subscript k, it accrues to
society as a whole rather than to either of the firms.

3 Persistent Dominance

Under persistent dominance, the leader is the predicted winner of the innovation
race. This section first shows that the model outlined in Section 2 implies persistent
dominance, before deriving firms’ R&D behaviour in the benchmark case of volun-
tary licensing. We then analyse the effects of compulsory licensing on innovation
incentives and welfare. Both under a consumer surplus and foreclosure standard,
compulsory licensing is shown to be a beneficial policy. Its effect on total welfare,
meanwhile, depends on the competitiveness of the industry.

3.1 Persistent Dominance — Innovation Effects

3.1.1 No Licensing

Consider first of all a simplified scenario in which no licensing is possible. If the
leader wins the race, then the gaps are given by ng =G+ g and gleN = 0. Hence

N =7(G +¢,0), 7N =7(0,G+g), CSHN =CS(G+g).
If the follower wins the race, then ng =G and gI@N = g and so
m Y =7(G,g), mp" =n(g,G), CS™N=CS(G+y).

Notice that consumer surplus is the same whoever wins the race.

As discussed in Section 2, the incentive for each firm to innovate is dominated by
its competitive threat — the difference in profits associated with winning and losing
the race. We have

CTf = (G +9,0) = 7(G.g), CT{ =m(g9.G)—7(0,G +g).

So if there is no licensing, the leader has a strictly greater incentive to innovate if
and only if

(1) (G +g,0) > 2(G, g).



This condition will always be satisfied in the context of homogeneous-product Cournot
competition. Hence, for the general analysis presented in this section, we assume
condition (1) holds and consequently the initial leader is the predicted winner of the
race. In other words, we are in a persistent dominance setting.

3.1.2 Voluntary Licensing

We now allow the successful innovator to license its discovery to the rival firm in
exchange for a fixed payment, thereby also increasing the rival’s gap by an amount
g. If the leader wins and licenses, then gfv =G+ gand gﬁv =g, and so

(2) mf’ =n(G+g,9), 7 =n(9,G+g), CS"N=CS(G+29).

Conditional on the leader being the first to discover, the minimum price that the
leader would be willing to accept for the licence and the maximum price that the
follower would be willing to pay for the licence are, respectively,

PY = 7(G +9,0) — (G +g,g) and P" = (9, G + g) — 7(0,G + g).
So if the leader wins, voluntary licensing will take place if and only if
(3) %(G+9,9) > %(G +g,0).

If the follower wins the race and licenses, then gf V=G +gand gl{fv = g, and the
values for the operating profits of each firm as well as consumer surplus are as above.
That is, provided licensing takes place, operating profits and consumer surplus are
the same, regardless of which firm makes the innovation. The minimum price that
the follower would be willing to accept for the licence and the maximum price that
the leader would be willing to pay are now, respectively,

PP =(g,G) ~ 1(g.G +g) and P* = (G +g,9) — 7(G,g).
Therefore, if the follower wins, licensing will take place if and only if
(4) (G +9,9) > 5(G,9).

Notice that, given the assumption that (1) holds, it follows from (3) and (4) that if
the leader licenses the innovation then the follower certainly will; conversely, if the
follower does not license the discovery, then neither will the leader. For competition
authorities to want to compel firms to license, it must be the case that at least one
of the firms would choose not to license voluntarily. So it certainly has to be the case
that the leader does not license. Consequently, in what follows it will be assumed
that

(5) Y(G+g,9) <X(G+g,0).



Nevertheless, in Appendix B we show that in a Cournot setting it is reasonable
to assume that the follower will license, conditional on innovating.'* Hence it is
assumed that (4) holds, which in combination with (5) implies that

(6) Y(G +g,0) > (G +g,9) > (G, 9).

3.1.3 Voluntary Licensing Behaviour

Let us assume that, when the follower discovers first and licenses, the license payment
is given by

PF =o[r(9,G) —7(9,G+g)l+ (1 —0)[r(G+g.9) — n(G,9)].

Here 0, 0 < o < 1, is the bargaining strength of the leader. Consequently, with
voluntary licensing, the competitive threats of the leader and the follower are, re-

spectively,
CT} =CTY — o [S(G +g.9) — S(G,g)],

CTy =CTF + (1-0)[S(G +g,9) — (G, 9)].

From (6) it follows that if firms can license, this will reduce the competitive threat
of the leader but raise the competitive threat of the follower.' It also follows that

(7) CTY —CTY =%(G+g,0) —%(G+g,9) >0,

so it still remains the case that the competitive threat of the leader is greater than
that of the follower.

3.1.4 Compulsory Licensing

Under a policy of compulsory licensing, both firms know in advance of committing
R&D resources that their discovery will have to be shared at FRAND prices if it is
not shared voluntarily. As discussed in Section 2, we assume that such a FRAND
licensing deal must be priced below the maximum willingness to pay of the purchaser.
This implies that the FRAND licence price must satisfy

PFRAND < P¥ = (g, G + g) — 7(0,G + g),
which we can write more conveniently as
(8) PFRAND — ¢ [x(g,G + g) — 7(0,G + g)],

with 0 < ¢ < 1. It is then possible to show that compulsory licensing will equalise
the innovation incentives of the firms, thereby removing the prediction that the
leader will win the innovation race.

14 As shown in Appendix B, a sufficient condition for this to occur is that G > g.

15This also replicates the result of Katz and Shapiro [1985] and others that voluntary licensing
has an ambiguous effect on industry-wide innovation incentives, relative to no licensing. As in that
paper, aggregate innovation incentives will rise if the bargaining strength of the licensor (here: the
follower) is high, specifically if 1 — o > %



Lemma 1. Under compulsory licensing, the competitive threat levels of the leader
and follower are always identical: CTE = C’Tg.

Proof. Tt is straightforward to show that the competitive threats of the leader and
the follower are now given by

CTf = CTfF = pFRAND 4 pF
=¢[r(9,G+9g) —7(0,G+g)]
+0[X(G,9) — E(G +g,9)]
+ (G +g,9) —7(G,9)],

which confirms the result. O

The intuition for this result is clear. Regardless of whether a given firm wins or
loses the race, flow profits will be constant. Since what matters in determining the
competitive threat is the difference in profits associated with winning and losing the
race, the incentives of the leader (to win so as to earn the FRAND fee and avoid
paying under the voluntary licensing deal if the follower wins) are now exactly equal
to those of the follower (to win so as to earn the voluntary licensing fee and avoid
paying the FRAND price).

The next results summarises the innovation incentives of firms across voluntary
and compulsory licensing regimes under persistent dominance.'®

Lemma 2. The innovation incentives of the firms are ranked as follows: CTX >
CTY > CTS = CTE.

Proof. Lemma 1 confirms the equality between competitive threats under compul-
sory licensing, while (7) confirms the rankings in the voluntary licensing regime. We
can also see that compulsory licensing cannot increase the competitive threat of the
follower, and decreases the competitive threat of the leader. By (8),

CTS — CTY = PFRAND _ (g G + g) + 7(0,G + g) < 0.
The inequality is strict if we have ¢ < 1. Also,
CTE — 1Y = PFRAND _ (G 4 ¢,0) + 7(G + ¢, 9)
<E(G+9,9) - X(G+9,0)
< 0.
by (8) and (6). O

This result confirms the cost side of the welfare trade-off discussed in the introduc-
tion: compulsory licensing can have harmful effects because it reduces industry-wide
innovation incentives. On the basis of the above and Assumptions 1 and 2, we can
also state the following result relating to the hazard rates, or innovation probabilities,
of the firms.

16Since the main focus of the paper is the comparison between voluntary and compulsory licens-
ing, we exclude for brevity the no-licensing regime from these comparisons.



Lemma 3. With regard to the hazard rates of the firms, the following ranking holds:
C

v >qyY > yc =z".
Before turning to the welfare implications of compulsory licensing, the following
section discusses briefly the relevance of expectations and the “regulatory threat”
for bargaining outcomes at the voluntary licensing stage. The results presented so
far are robust to an alternative specification based on expectations.

3.1.5 Expectations View of Compulsory Licensing

So far we have not taken account of the fact that firms may anticipate the competi-
tion authority’s intervention while bargaining over a voluntary licensing agreement.
One may think that the mere threat of regulatory intervention might spur firms
to agree voluntary deals that would not be agreed in the absence of such a threat.
This is a central result in the literature on voluntary agreements in environmental
regulation, for example.!'” However, if we let #, 0 < # < 1, denote the (common)
probability with which firms anticipate a compulsory licence being imposed in case
no voluntary agreement is reached, it is possible to show that the licensing condi-
tions (3) and (4) are unchanged when we allow for expectations. Intuitively, a higher
probability of compulsory licensing increases the willingness of the innovator to sell
the licence (implying a lower P) but also reduces the willingness of the non-innovator
to pay for it (that is, P also falls). Another interesting implication of this approach
is that the imposition of compulsory licensing will now only affect innovation incen-
tives if it alters the probability distribution reflected in 6 (in which case a higher
will reduce innovation incentives of both firms, as before). Since firms make R&D
decisions on the basis of expected payoffs, if a compulsory licensing remedy does not
change the probability with which firms anticipate compulsory licensing in future,
it will not adversely affect innovation incentives.

3.2 Persistent Dominance — Welfare Effects
3.2.1 Consumer Surplus Standard

As a first step towards a full welfare analysis on the basis of a consumer surplus stan-
dard, we derive an expression for the expected present discounted value of consumer
surplus, which accounts for R&D effects. Let v(x,y) denote this present discounted
consumer surplus, given hazard rates x and y. We know that consumer surplus
before an innovation occurs is given by CSY = C'S(G), while the consumer surplus
following an innovation by firm j = L, F’ given licensing regime s = V, C' is denoted

17See Manzini and Mariotti [2003], Arguedas [2005], Maxwell et al. [2000] and Segerson and
Miceli [1998]. A notable difference in the barganing context analysed in those papers is that all
firms lose out as a result of environmental regulation. In the compulsory licensing context, we have
already seen that the non-innovator actually benefits when compulsory licensing is imposed.

10



by CS7%. Tt follows that the value to consumers must satisfy

C SLs

CSFS
ro(z®,y°) = z° ( - v(:ns,ys)> +y° ( . v(xs,y8)> +CSY.

Rearranging, we have

stiLs _‘_ysCiFs + 050
s +ys+r

v(z®,y°) =

The necessary and sufficient condition for consumer surplus to be higher under
compulsory licensing than under voluntary licensing is

v(z%,y%) > (=", yY).
This holds if and only if

202V
9) r

[CS(G +2g) — CS(G + g)] + CS(G) (2 +y" — 22°)
> 2VCS(G + g) — CS(G +2g) (227 — ")

The first term is positive and reflects the fact that, post-innovation, consumers will
on average enjoy a higher level of surplus under compulsory licensing than under
voluntary licensing, because the possibility that the leader will innovate and refuse
to license is removed. The second term is positive because, as shown in Lemma
3, aggregate innovation rates are lower under compulsory licensing, which implies
that consumers will enjoy the status quo profits for longer in expectation. Hence
the inequality can only fail on account of the terms on the second line, the sign of
which is ambiguous. On average, consumers will jump to a higher level of consumer
surplus sooner under voluntary licensing since innovation rates are higher; on the
other hand, the level of surplus that consumers will enjoy post-innovation under
voluntary licensing is lower than that which they would enjoy post-innovation under
compulsory licensing, due to the information sharing effect.

More generally, we can separate the terms in (9) into two types. Terms which are
divided by r reflect discounted costs and benefits that accrue after the innovation
— we refer to these as ‘flow’ terms. To differentiate these from terms which are not
discounted, we will refer to the latter as ‘stocks’. We can then rewrite (9) as

A
(10) ?+B>0,

where A and B collect the flow and stock terms in (9), respectively. While it is
true that A > 0, the sign of B is ambiguous. If B > 0, the above condition always

holds. Moreover, since the risk free interest rate r weights the flow terms in this
expression, even if B < 0, (10) will hold whenever r < —A;B — that is, whenever the
interest rate is below some critical value. The same reasoning holds in all other

11



cases considered in this paper (that is, persistent dominance under a total welfare
standard and action-reaction under both welfare standards). Whenever stock and
flow terms have opposing signs, we know that there will be a critical value of the
interest rate, call it 7, such that the flow terms will dominate the welfare effect
whenever r < 7. We therefore simplify by assuming that r is sufficiently low, so that
welfare effects are dominated by the flow terms.'®

Assumption 3. The risk-free interest rate r is sufficiently low, so that the welfare
effects of compulsory licensing are determined solely on the basis of the flow costs
and benefits.

Of course, in the persistent dominance, consumer surplus case, this assumption then
leads immediately to the following welfare result.

Proposition 1. Compulsory licensing increases consumer surplus, even when dy-
namic incentive effects are taken into account: v(z®,y%) > v(zV,y").

This result follows intuitively because compulsory licensing ensures that the most
preferred consumer surplus outcome (that associated with information sharing) is
achieved with certainty. Over an infinite horizon, this benefit dominates all the short-
term costs and benefits when interest rates are sufficiently low. We next consider
the implications of compulsory licensing for total welfare.

3.2.2 Total Welfare Standard

Following similar derivations to those in Section 3.2.1, and using analogous notation,
we can define the present discounted total welfare resulting from hazard rates x and
Yy, given information sharing regime s =V, C, as

25 (% X CiLS> 4oy (2f L CSTF) n (EO + CSO) _ ((xs)Q i (ys)2>
x5+ ys+r '

W(z®, y*) =

In terms of total welfare, compulsory licensing will be preferred to voluntary licensing
if and only if

(11) Wz, y%) > W', y").

For the sake of clarity, on the basis of Assumption 3, we can focus our attention on
the flow terms in the expression implied by (11), which then holds if and only if

222V {[2(G 4 g,9) — 2(G + ¢,0)] + [CS(G + 29) — CS(G + g)]} > 0.

Note that the welfare effect is not unambiguously positive. The first term in square
brackets is the profit effect, which is negative by (6) (forcing the leader to license
reduces industry profits). The second term is the consumer surplus effect and this

18This also serves to justify Assumption 1, based on the inequality in footnote 14.
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is clearly positive. While the net effect of these terms is ambiguous, the necessary
and sufficient condition for compulsory licensing to increase total welfare is

(12) [X(G+g,9) — X(G +9,0)] + [CS(G +2g) — CS(G + g)] >0,
which leads to our next welfare result.

Proposition 2. With dynamic incentive effects taken into account, a policy of com-
pulsory licensing is preferable to voluntary licensing in total welfare terms if and only
if the positive consumer surplus effect outweighs the negative effect on firm profits.

As shown in Appendix B, in the homogeneous-product Cournot case, compulsory
licensing will be total welfare enhancing if and only if the industry in question is
sufficiently uncompetitive.'® Intuitively, in industries which are highly concentrated,
the marginal consumer gain from promoting competition via information sharing will
outweigh the marginal loss in terms of aggregate profits suffered by firms.

3.2.3 Foreclosure Standard

The foreclosure standard is motivated by a concern that successful innovation by the
leader (as is predicted to occur under persistent dominance) might cause its lead over
the follower to exceed the foreclosure margin, thereby forcing the follower to exit
the market. It follows very naturally that compulsory licensing can safeguard the
competitive process per se in such circumstances, since it guarantees that innovations
made by either firm are shared.

Proposition 3. In the Cournot benchmark, compulsory licensing guarantees that
both firms remain active in the market.

Proof. Appendix B.4. O

There may be some refinements of this general result. If, for example, the leader is
within one innovation of foreclosing the follower (that is, g — g < g1 — gr < g) and
the competition authority makes decisions with a delay, then it can be shown that
the leader remains the predicted winner of the innovation race. This implies that
there will be a period for which the follower exits the market, before the authority
intervenes. The effectiveness of compulsory licensing in ensuring that competition
persists then also depends on the follower’s ability to meet any costs of waiting
for the authority’s intervention. Such refinements notwithstanding, the result that
compulsory licensing protects competition per se appears simple and robust.

191t is well known that tournament models provide incentives for socially excessive investment
in R&D (e.g. Beath et al. [1995]). It should be noted in this regard that our results are robust to
the inclusion of spillovers (by which innovation incentives can be made arbitrarily small) and, as
such, they are not driven by this average over-investment issue.
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4 Action-Reaction

We now consider the effects of compulsory licensing on innovation rates and welfare
in an action-reaction setting. Action-reaction requires that (i) the follower is the
predicted winner of the race and (ii) successful innovation by the follower allows it
to overtake the technological lead G of the incumbent. Assume, therefore, that if
the follower innovates, its gap will increase by G + ¢, while if the leader innovates,
its gap will increase by g. This implies that both firms are now racing to achieve a
post-innovation gap of G + ¢.2°

4.1 Action-Reaction — Innovation Effects
4.1.1 No Licensing

We first need to determine the conditions under which action-reaction results. It is
straightforward to show that the competitive threats of the firms are now given by

CTI{V = 7T(G—|—g,0) _ﬂ—(GaG_‘_g) and CTI:]?'V = W(G"i_g? G) - W(O,G—i—g),

and so the necessary and sufficient condition for the follower to be the predicted
winner of the innovation race is

(13) S(G,G+g) > (G +g,0).

Whether or not this condition holds will depend on the nature of the industry in
question. Appendix B derives the relevant conditions for the homogeneous-product
Cournot benchmark, which shows that action-reaction will occur in sufficiently un-
competitive industries. Since we are interested in investigating the implications of
compulsory licensing in action-reaction industries, we assume that (13) is satisfied.

4.1.2 Voluntary Licensing

As before, conditional on successfully innovating, each firm decides whether or not
to license its innovation to the rival firm. If the leader innovates and licenses, then
gfv =G+gand glév = g, and so the operating profits and consumer surplus are as
in the persistent dominance case, see (2). Hence the minimum price that the leader
would accept in order to sell the licence and the maximum price that the follower
would be willing to pay are unchanged, which in turn implies that the leader will
again license if and only if

(14) (G +g,9) >X(G+g,0).

If the follower innovates and licenses, then gfv = 2G 4 g and gIIj:V =G+yg.
Operating profits and consumer surplus are now equal to

™V = 712G +9,G +g), 7k = 1(G +g,2G + g), CSTV = CS(3G +29) > CSLV.

20Tt is also necessary to assume now that the incremental innovation g satisfies 0 < g < 1 — 2G.
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Hence the reservation prices are now given by

PP =7(G+9¢,G)—n(G+9¢,2G+g) and P' =7(2G + ¢,G + g) — 7(G,G + g),
and so licensing will take place if and only if

(15) Y(2G +9,G+g)>2(G,G+g).

In the context of homogeneous-product Cournot competition, it is shown in Ap-
pendix B that if the leader chooses to license, the follower certainly will, while if the
follower chooses not to license, then neither will the leader. Moreover, in this context
condition (13) guarantees that the follower will license, conditional on innovating.
We therefore assume that (15) is satisfied (that is, the follower licenses) while (14)
is not and instead the following holds

(16) (G+g,0)>%(G+g,9).

As in the persistent dominance case, this implies that only the follower will license
its discovery voluntarily.

4.1.3 Voluntary Licensing Behaviour
We can write the license payment in the case where the follower innovates as
Pl =o[n(G+9,G) — (G +9,2G + g)]+(1—0) [r(2G + 9,G + g) — (G, G + g)],

where o, 0 < o < 1, is again the bargaining strength of the leader. The competitive
threats are now
CT} =CT} — o [S(2G +9,G +g) — 2(G +g,G)],

a7 CTY =CTY + (1-0)[S(2G + ¢,G + g) — (G + ¢, G)].

This shows that, despite the follower having been more likely to innovate in the
first place, introducing voluntary licensing increases the competitive threat of the
follower and decreases the competitive threat of the leader.?!

4.1.4 Compulsory Licensing

Following the same definition of FRAND licensing given in Section 2, the FRAND
licence fee must again satisfy

PpFRAND _ ¢pL

=¢[m(9.G+g) —m(0,G +g)],
with 0 < ¢ < 1. Unlike before, however, the flow profits of a given firm associated

with winning and losing the innovation race are not equal, which in turn implies
that the innovation incentives are not equalised under compulsory licensing.

2LOf course, this also implies that the follower will remain the predicted winner of the race. By
(13) and (15) we have CTY — CTY = %(G +¢,0) — Z(2G + 9,G + g) < 0.
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Lemma 4. Under action-reaction, the follower remains the predicted winner of the
mnovation race when compulsory licensing is imposed: CTIQ > C’TLC.

Proof. We can write the competitive threats under compulsory licensing as

CTE:W(G+g,g)—7r(2G—|—g,G+g)+PF+PFRAND,
CTE = 7(G + g,2G + g) — n(g,G + g) + PI'  pFRAND,

Consequently, the follower will remain the predicted winner of the race if and only
if CTIQ > OT¢, which is to say

Y(2G +¢,G +g) > (G + g,9).

Given (13), (15) and (16), this is always satisfied. O

Moreover, we can see that compulsory licensing reduces the competitive threat of
the leader and (weakly) reduces the competitive threat of the follower relative to
voluntary licensing. By (16)

CTY — CTY <X(G+g,9) — 2(G +g,0) <O0.
Also, since ¢ < 1,
CTf — CTy = (1 ¢)[x(0,G + g) — 7(9,G + g)] 0.

It is also straightforward to show that the leader’s competitive threat always de-
creases by more than the follower’s competitive threat. Therefore forcing the leader
to license via a compulsory licence further strengthens the action-reaction proper-
ties of the race and, as such, the refusal by the leader to license voluntarily can be
interpreted as an attempt to limit the extent of action-reaction.

We have shown above that (i) the follower is the predicted winner in the voluntary
and compulsory licensing scenarios, that is CTY < CTS, CT) < CTY, and (ii) the
competitive threats of both firms are lower under compulsory licensing than under
voluntary licensing, that is CT LC < C’TX and CT g < C’T}/ . In general the difference
CcT g — C’T}f may be either positive or negative, however.?? Hence we have the
following result.

Lemma 5. With action-reaction, there is mo clear ranking of competitive threat
levels. Instead we have CTY. > max[CTY ,CTS] > min[CT),CTE] > CTE.

In terms of hazard rates, this corresponds to the following result.

Lemma 6. With regard to firms’ hazard rates, there is no clear ranking. Instead
we have y¥ > max[zV,y¢] > min[z",y°] > 2©.

22Under persistent dominance we had CTY > CTy > CTS = CTE (see Lemma 2).
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Nonetheless, this still allows us to say that, overall, R&D spending will be higher
under voluntary licensing than under compulsory licensing, in other words 2" 43" >
¢ 4y, as in the case of persistent dominance. As in the analysis of the persistent
dominance case, we now consider the welfare effects of compulsory licensing as judged
both by a consumer surplus standard and a total welfare standard.??

4.2 Action-Reaction — Welfare Effects
4.2.1 Consumer Surplus Standard

In order to analyse the consumer surplus implications of compulsory licensing, first
consider the consumer surplus levels associated with the various outcomes of the
innovation race. We have

1. CSF = CS(3G +2g) — that which results if the follower innovates under either
voluntary or compulsory licensing,

2. OSHY = CS(G + 2g) — that which results if the leader innovates under com-
pulsory licensing, and

3. OSHV = CS(G+g) - that which results if the leader innovates under voluntary
licensing.

Since C'S’ > 0 we know that CS¥ > CSHC > CSV. We can then write consumer
surplus under compulsory licensing and voluntary licensing as

2CC8C 4 yCC8h | 00

18 “ o) =

(18) v(@ ) RCRTY s

and

(19) oa¥ g = S A O

v +yV +r

respectively. Note that, in contrast to the cases considered previously, the consumer
surplus outcomes associated with compulsory licensing are not identical. That is,
although it is preferable for the leader to license after innovating rather than not
(since CSTC > CSTV), it is still more preferable for the follower to innovate since
CSF > CSC. In other words, moving to compulsory licensing no longer guarantees
that the most preferred consumer surplus outcome will be attained. Relative to the
persistent dominance case, this makes compulsory licensing relatively less attractive.

We know that compulsory licensing will be preferred to voluntary licensing if

and only if
(@) > v(=",y"),

2We do not consider the foreclosure standard here as the threat of the follower exiting the
market is less acute.
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which is now equivalent to

202V zVyC

——[0$MC = CsM ] + = [08" = CSM] + OV +y" -2 =y
nyV

> [CST — CSEC + [V St — 2CCStO] + OST (yY — ).

r

The first two terms on the top line are positive and reflect the information shar-
ing benefits that compulsory licensing brings relative to the case when the leader
innovates under voluntary licensing (which occurs with probability 2") and does
not license. Relative to the corresponding expression in the persistent dominance
case, the first term on the second line is new and reflects the fact that, even under
compulsory licensing, the most preferred consumer surplus outcome is not guaran-
teed. There is a chance now that the leader will innovate under compulsory licensing
giving consumer surplus C'SC, when under voluntary licensing it would have been
the follower that innovates giving consumer surplus CS¥ > C'SFC (this occurs with
probability 2¢y").

By Assumption 3, we know that the welfare effect will be determined on the
basis of the flow terms. This allows us to simplify the above expression, which now
holds if and only if

292V (CSHC — 08PV 4 2VyC (e St — ¢StV > 2%V (Cst — ¢ sE).

In contrast to the persistent dominance case, this need not always hold. Because
compulsory licensing no longer guarantees that the most preferred outcome is at-
tained, it is not unambiguously consumer surplus enhancing. On the basis of Lemma
6, however, we know that ¢V > max[z",y“] > min[z",y®] > 2¢, and so it seems
reasonable to assume that z"'y¢ ~ 2%y". If this is the case, the above condition
will certainly be satisfied. Thus we have the following welfare result.

Proposition 4. Assume that 2Vy® ~ 2Cy". Then, under action-reaction, compul-
sory licensing is unambiguously preferred to voluntary licensing in consumer surplus
terms: v(z,y¢) > v(zV,y").

We next turn to the total welfare standard in an action-reaction setting.

4.2.2 Total Welfare Standard

Define the industry profit levels corresponding to the various race outcomes as

1. ¥F = %(2G + ¢, G +g) — industry profits if the follower innovates under either
voluntary or compulsory licensing,

2. ¥C = %(G +g,g) — industry profits if the leader innovates under compulsory
licensing, and

3. ©V = 3(G + g,0) - industry profits if the leader innovates under voluntary
licensing.
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We know from (13), (15) and (16) that ©F > £V > $LC The total discounted
welfare corresponding to the compulsory and voluntary licensing regimes can then
be written as

1 xLe  ¢ske P csF
c.C\_ C o
W(x ’y)_xc+yc+r{x ( " + " >+y (r + " )
+ (2(G,0) + CS%) — ((z9)* + (¥°)?) }
and
1 »Lvo ostv »F o8t
vV VY _ \% ViIZ_
Wiz ’y)_xv—i-yv—i-r{x < r + r >—|—y (r + r )

+(3(G,0) + CS%) = (=) + (4")?) },

respectively. The necessary and sufficient condition for compulsory licensing to be
preferred to a voluntary licensing regime is W (2%, y“) > W(zV,y"). Focusing our
attention on the flow terms again, this condition is equivalent to

[ZLC + C’SLC] (mcxv + xcyv) + [ZF + C'SF] (xvyc — xcyv)
> [ELV + C’SLV} (J:va + xvyc) .

If, on the basis of Lemma 6, we deem it reasonable to assume that 2V y¢ ~ 2%y", this
condition resembles the one derived in the persistent dominance case, and becomes

(L€ —2Y) + (08HC — st > o.
\4

Proposition 5. Assume that 2Vy¢ ~ x¢y". Then, under action-reaction, com-
1% Yy Y , )
pulsory licensing again induces a positive consumer surplus effect and a megative

aggregate profit effect.

Which effect dominates will depend on the precise nature of the industry in question;
but in the homogeneous-product Cournot setting, the consumer surplus effect will
dominate in industries which are naturally less competitive.

5 Conclusion

This paper provides a framework to clarify the trade-off between static and dynamic
efficiency that competition authorities face when considering a compulsory licensing
remedy. Our welfare results suggest that, despite the fact that innovation incen-
tives fall when compulsory licensing is imposed, such a policy nonetheless increases
consumer surplus, and increases total welfare whenever the industry in question is
sufficiently uncompetitive. It has also been shown that compulsory licensing can
be an effective tool to preserve competition per se when there exists a threat of a
dominant firm foreclosing its less efficient rival. Since competition authorities in
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both Europe and the US claim to follow a consumer surplus standard, these results
suggest that the infrequency with which compulsory licensing verdicts are observed
in practice may be due to overestimation of the dynamic costs associated with such
a policy (perhaps also under the influence of lobbying by dominant firms). Alter-
natively, competition authorities may in fact care about the welfare of firms (that
is, follow a total welfare standard). In that case, a decision against compulsory
licensing may reflect the view that the industry in question is sufficiently compet-
itive. Extensions to this work should consider a setting of sequential innovations,
and also explore other paradigms of innovation that are discussed in the literature
(such as the quality ladder approach, which also fits more naturally into an explicitly
sequential context).

Appendices

A A Zero Profit Incentive Representation

This section offers a justification for Assumptions 1 and 2 based on a simple approx-
imation method, in which the profit incentive has been normalised to zero and the
results can consequently be expressed solely in terms of competitive threats. Firms
choose their R&D spending to maximise the present discounted value of expected
profits, which, from the perspective of the leader having chosen hazard rate x when
the follower chooses ¥y, can be written as

w L
s s 0_ .2
T Y AT T

Viz,y) = rt+y+r

Multiplying the first order condition associated with this by 72 and letting X = rz
and Y = ry we can write it as

(20) YV (7 —7b) + 02 (" — %) = X? + 2XY + 2°X.

Wzl
2

If we let » — 0 and denote X =
leader), (20) becomes

(that is, the competitive threat of the

_ X2
(21) 2XY:X2+2XY:X=§+X.

From this expression we can see that the best-response choice of X as Y — oo is
X = X, (i.e. the competitive threat of the leader), whereas if Y = 0 then X = 0
(the profit incentive vanishes). Hence the optimal choice of hazard rate of the leader
depends solely on the competitive threat. Similarly, for the follower, denoting its
competitive threat by Y, the first order condition yields

(22) 2Y X = Y? +2XY.
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Adding X? to both sides of (22), rearranging for Y and substituting into (21), we
have

(23) X =2(X - X) \/1+2§—1

An equivalent expression holds from the perspective of the follower. Hence we can
relate the optimal choice of hazard rates or, equivalently, R&D expenditure for either
firm to just the magnitude of the competitive threats. Graphically, we can represent
(23) as in Figure 1 below.

v
X

1
[
1
45° 1

LN
— Ll
S

X X X
Figure 1: Equilibrium hazard rate for leader (X*¢)

Here ¢p(X) = X represents the left-hand side and

represents the right-hand side of (23). An increase in either X or Y will cause
the graph of ¥ to shift to the right, thereby increasing the equilibrium choice of
R&D expenditure. This approximation therefore confirms Assumptions 1 and 2 in
a context where the profit incentive has been normalised to zero.

B Cournot Benchmark

This section develops a homogeneous-product Cournot benchmark, which allows
us to relate the various conditions on firm profits derived in the general analysis
to two measures of industry competitiveness: the Herfindahl index in a general
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demand environment based on Février and Linnemer [2004], and demand elasticity
in a linear demand example. Throughout, we consider firms’ gaps in terms of their
cost-reducing effect, so that the marginal cost for firm ¢ is given by ¢; = 1 — g;,
i=LF.

B.1 General Demand Environment

Suppose that firms face an inverse demand function P(X), with P/(X) < 0 for
all X > 0, where X is aggregate output. We restrict our attention to general
convex demand functions.?* However, to ensure the existence and uniqueness of the
Cournot-Nash equilibrium, we need to assume that demand is not “too convex”.?
Suppose, therefore, that the elasticity of the slope of the inverse demand function
0(X) = P]/;,((LX))X satisfies —2 < O(X) < 0.

We can then recast the conditions on industry profits in terms of an exogenous
shock w to the firms’ marginal costs. This shock influences the firms’ marginal costs
via a sensitivity parameter -;, so that, post-shock, firm ¢’s marginal cost is given
by ¢; + y;w. Since we are interested in the incidence of a cost shock, rather than
its precise magnitude, we can consider a shock of magnitude w = 1 without loss
of generality. Février and Linnemer [2004] show that the necessary and sufficient
condition for such a cost shock to increase the joint profits of the firms is

(24) ﬁ (O (H* —1) — 1) > cov(y,s%),

where ©F is the ex ante value of the elasticity defined above, 7 = %(W’L + vF) is the
average shock sensitivity, s; is the ez ante market share of firm i, H* = " (s})? is
the ez ante Herfindahl index, and cov(y, s*) = 3 Y- (7 —7)(s; —1/2) is the covariance
between the shock sensitivities and market shares.

To illustrate, consider condition (1), (G +g,0) > X(G, g), which ensures a per-
sistent dominance outcome. This corresponds to the effect of a shock with sensitivity
parameters v, = —¢g, Yr = g. Hence (24) now holds if and only if cov(~,s*) < 0,

which is clearly satisfied. Hence (1) always holds in homogeneous-product Cournot.

B.2 Linear Demand Example

For the sake of this example, suppose that inverse demand is given by

P(X)=(1+¢€ — X,

24Examples of commonly-used convex demand functions include negative exponential and con-
stant elasticity demand.
2Février and Linnemer [2004]

22



with € > 1.26 Under the price-output combination (1,¢), i.e. that which prevails if
price equals marginal cost under the previous industry standard,

_ P(X)X
SR

and hence € measures the inverse elasticity of demand in the competitive equilibrium
corresponding to the initial industry standard. As such, it gives a measure of the
underlying ‘uncompetitiveness’ of the industry in which the firms are competing.?”
In a Cournot equilibrium, industry profits are symmetric and are given by

1
E(gas95) = 5 | (€ + 200 — 95)° + (€ + 205 — 92)’)] -

B.3 Investigating the Conditions

We are now in a position to relate the various conditions on industry profits derived in
the model to measures of industry competitiveness derived from the general demand
environment (H*) and linear demand example (¢). Consider first the firms’ licens-
ing decisions under persistent dominance. Condition (4) gives the necessary
and sufficient condition for the follower to license, conditional on having innovated.
In our general demand scenario, this corresponds to v, = —g and v = 0. Hence
cov(7y,s*) < 0 and (24) becomes

(25) 4(fg@*)(@*(H* —1)—1) > cov(y, s¥).

This is more likely to hold, the higher is H* — that is, the more uncompetitive
is the industry. Conversely, the condition for the leader to license, equation (3),

corresponds to vz, = 0 and v = —g. Therefore (24) becomes
—9g * * *
2 —_ H —-1)-1 .

This is less likely to hold than (25), since now cov(y, s*) > 0. In terms of our linear
demand example, the follower will license if and only if

2¢ > 39 — 10G,

and so again, this is more likely to hold, the higher is € (the less competitive is the
industry). A sufficient (but not necessary) condition for the follower to license is

26This guarantees that both firms are active in equilibrium. We could alternatively assume e > 0,
which allows for the possibility that the follower will be foreclosed.

2"Measuring elasticity at the competitive equilibrium avoids the Cellophane Fallacy. Note that
(1/€) also satisfies the axioms set out in Boone [2001] for measures of industry competitiveness,
where we note with respect to condition (c) of Definition 2.2 (p. 712) that lower e can shift the
market structure from duopoly to monopoly (this requires € < 1 and € < ga — 293). Hence if the
leader is far enough ahead (go — 2gp is sufficiently large), it can benefit as competition intensifies.
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that G > g. The condition for the leader to choose to license, meanwhile, can be
rewritten as

(27) 2e > 39+ 8G.

In terms of the total welfare effect of compulsory licensing under per-
sistent dominance, the necessary and sufficient condition for total welfare to be
increased, equation (12), can be derived from Février and Linnemer [2004] as

-9

T O =1 =2) > conlr, "),

where again cov(vy,s*) > 0. This is more likely to hold, the more concentrated is
the industry (the higher is H*). The same condition restated in terms of the linear
demand example yields

(28) 8¢ > 3¢ + 14G,

and so again, the less competitive is the industry (the higher is €), the more likely
it is that the total welfare impact is positive.

Turning to the action-reaction scenario, the condition for the follower to be
the predicted winner of the innovation race under action-reaction is given
by (13). In terms of exogenous shocks, this is equivalent to v, = g, vp = —(G + g).
Hence cov(7,s*) > 0 and (24) becomes

-G

(29) 13+ 07

(O (H*—1)—1) > cov(y, s¥).
This is more likely to hold, the more concentrated is the industry. In the context of
the linear demand example, (13) corresponds to

(30) 2 > 8g + 3G.

So action-reaction will result in industries which are naturally less competitive.

Finally, consider the firms’ licensing incentives under action-reaction. The
necessary and sufficient condition for the leader to license is as described in the
persistent dominance case above. The condition for the follower to license voluntarily
in the action-reaction setting, condition (15), corresponds in the general demand
environment to v, = —(G + g) and yr = 0, and so (24) becomes

—(G+y)

(31) i3+ 07

(@"(H*—1) = 1) > cov(r,s"),

where cov(7,s*) < 0. It follows from (26) and (31) that if the leader licenses, the
follower certainly will, while if the follower does not license, then neither will the
leader. Note that now (29) guarantees that the follower will license. The same
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results are obtained from the linear demand example. Here the condition for the
follower to license is given by
2e¢ > 3g — TG,

while the condition for the leader to license is given in (27). Again, (30) — which
ensures that action-reaction will occur — implies that the follower certainly will
license.

B.4 Proof of Proposition 3 (Foreclosure Standard)

In the linear demand example, foreclosure will occur when ¢ < 1 and g, > g =
€ + 2gg. So if both firms are initially active, it must be true that

(32) Jo < €+ 2g3.

Since innovations are shared under compulsory licensing, the condition for the fol-
lower to remain active post-innovation is

ga+9 <e+2(g5+9),

which is guaranteed to hold if (32) holds. Hence the leader cannot foreclose the
follower if compulsory licensing is implemented. If € > 1 and the foreclosure margin
is not defined, then the follower remains active irrespective of the licensing regime.

More generally, whenever the foreclosure margin g is constant and not itself a
function of the gaps g, and gg, the same result also holds.
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