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a b s t r a c t

This study analyzes how patent protection affects innovation in an R&D-based growth model with elastic
labor supply. We find that increasing patent breadth may generate an inverted-U effect on innovation
depending on whether the model features the knowledge-driven or lab-equipment innovation process.
This result highlights an important interaction between elastic labor supply and the innovation process
through which patent protection has an inverted-U effect as documented in recent empirical studies.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

In this letter, we analyze the effect of patent protection on
innovation in an R&D-based growth model with elastic labor
supply.We find that under the special case of inelastic labor supply,
increasing patent breadth has a positive effect on innovation as
in previous studies, such as Li (2001) and Chu (2011). However,
under the more realistic case of elastic labor supply, increasing
patent breadth may generate an inverted-U effect on economic
growth depending on the innovation process. We consider the
Romer variety-expanding model with two seminal innovation
specifications: (a) the knowledge-driven specification in Romer
(1990), and (b) the lab-equipment specification in Rivera-Batiz
and Romer (1991). We find that the effect of patent breadth on
innovation is positive under (a),1 whereas the effect becomes
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1 In a quality-ladder model with elastic labor supply, Chu (2010) also finds

a monotonically positive effect of patent breadth on economic growth because
the innovation specification in his model is similar to the knowledge-driven
specification.
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inverted-U under (b). This result highlights an important but
often neglected interaction between elastic labor supply and the
innovationprocess throughwhich strengthening patent protection
may have an inverted-U effect on innovation as documented in
recent empirical studies, such as Lerner (2009) and Qian (2007).

Intuitively, a larger patent breadth increases the share of
income that goes to monopolistic profits giving rise to a
conventional positive effect on innovation. However, it also has a
potentially negative effect on innovation by decreasing the wage
rate that may reduce labor supply depending on the innovation
process. Holding constant the wealth effect captured by the value
of monopolistic firms that are owned by households as assets,
lower wage decreases labor supply through the substitution effect.
Under the lab-equipment specification, R&D uses final goods;
as a result, the value of inventions (and monopolistic firms) is
determined by the price of final goods through the zero-profit
condition in the R&D sector and is independent of patent breadth.
In this case, a larger patent breadth reduces labor supply through
the substitution effect causing a negative effect on innovation.
Under the knowledge-driven specification, R&D uses labor; as a
result, the value of inventions is determined by the wage rate,
which is decreasing in patent breadth. In this case, the wealth
effect offsets the substitution effect on labor supply leaving only
the positive effect of patent breadth on innovation.
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This study relates most closely to themacroeconomic literature
on patent policy and economic growth. The seminal study in
this literature is Judd (1985), who finds that an infinite patent
lengthmaximizes economic growth. However, subsequent studies,
such as O’Donoghue and Zweimuller (2004), Horii and Iwaisako
(2007), Furukawa (2007, 2010), Akiyama and Furukawa (2009) and
Chen and Iyigun (2011), show that strengthening patent protection
via different patent instruments could generate a non-monotonic
effect on innovation. Our study contributes to this literature by
proposing a novel mechanism that gives rise to the empirically
supported inverted-U effect of patent protection and by showing
that the effects of patent breadth can be drastically different under
the two commonly used innovation specifications.

2. The model

We modify the seminal Romer model by introducing patent
breadth as a policy variable following Goh and Olivier (2002) and
allowing for elastic labor supply. Furthermore, we consider both
the knowledge-driven innovation process in Romer (1990) and
the lab-equipment innovation process in Rivera-Batiz and Romer
(1991).

2.1. Households

There is a unit continuumof identical households. Their lifetime
utility is

U =


∞

0
e−ρtutdt, (1)

where ut = ln Ct + γ ln(1 − Lt).2 The parameters ρ > 0 and
γ ≥ 0 determine respectively subjective discounting and leisure
preference. Ct and Lt are respectively the consumption of final
goods and labor supply.

Ȧt = rtAt + wtLt − Ct . (2)
At denotes households’ assets, and rt is the interest rate. The wage
rate is wt , and the price of final goods is normalized to unity. The
consumption-leisure optimality condition is
Ct = wt(1 − Lt)/γ , (3)
and the Euler equation is

Ċt/Ct = rt − ρ. (4)

2.2. Final goods

Final goods Yt are produced by competitive firms.

Yt = L1−α
y,t

 Nt

0
kα
t (i)di, (5)

where Ly,t is production labor and kt(i) is intermediate goods i ∈

[0,Nt ]. The firms take as given the output price and input priceswt
and pt(i). The conditional demand functions are
wt = (1 − α)Yt/Ly,t , (6)

pt(i) = α[Ly,t/kt(i)]1−α. (7)

2.3. Intermediate goods

There is a continuum of differentiated intermediate goods i ∈

[0,Nt ]. One unit of intermediate goods is produced with one unit
of final goods. The profit function is
πt(i) = pt(i)kt(i) − kt(i). (8)

2 We focus on the log utility function for simplicity, but our results are robust to
generalizing the utility function to the iso-elastic form ut = {[Ct (1 − Lt )γ ]

1−σ
−

1}/(1 − σ). Derivations are available upon request.
The familiar unconstrained profit-maximizing price is pt(i) = 1/α.
Here we followGoh and Olivier (2002) to introduce patent breadth
µ > 1 as a policy variable such that
pt(i) = min{µ, 1/α}. (9)
We focus on the interesting case in which µ < 1/α. As a result,
a larger patent breadth enables the monopolistic firms to charge
a higher markup capturing Gilbert and Shapiro’s (1990) seminal
insight on ‘‘breadth as the ability of the patentee to raise price’’.
Substituting pt(i) = µ into (7) shows that kt(i) = kt for all
i ∈ [0,Nt ]. In this case, (8) becomes

πt = (µ − 1)kt = (µ − 1)


α

µ

1/(1−α)

Ly,t , (10)

where the second equality follows from (7).

2.4. R&D

Denote Vt(i) as the value of the patent on variety i ∈ [0,Nt ].
πt(i) = πt from (10) implies that Vt(i) = Vt . The familiar no-
arbitrage condition for Vt is

rtVt = πt + V̇t . (11)
There is a continuumof entrepreneurs, who employ R&D inputs for
innovation. We consider both the lab-equipment and knowledge-
driven innovation processes. Under the lab-equipment specifica-
tion, the innovation function is

Ṅt = Rt/η, (12)
where Rt is the amount of final goods devoted to R&D, and η ∈

(0, η) is an R&D cost parameter for which we impose η ≡

α2α/(1−α)(1 − α)/(γ ρ) as an upper bound to ensure positive labor
supply. The zero-profit condition is

ṄtVt = Rt ⇔ Vt/η = 1. (13)
Under the knowledge-driven specification, the innovation function
is
Ṅt = NtLr,t/η, (14)
where Lr,t denotes R&D labor. In this case, the zero-profit condition
is
ṄtVt = wtLr,t ⇔ NtVt/η = wt . (15)

2.5. Aggregation

The total amount of intermediate goods is
Kt = ktNt . (16)
Substituting (16) into (5) yields the aggregate production function.

Yt = (NtLy,t)1−αKα
t = NtLy,t


α

µ

α/(1−α)

, (17)

where the second equality uses (7) and (16). Substituting (17) into
(6) yields

wt = (1 − α)


α

µ

α/(1−α)

Nt , (18)

which is decreasing in µ for a given Nt . The resource constraint for
final goods is
Yt = Ct + Kt + Rt , (19)
where Rt = 0 under the knowledge-driven specification. The
resource constraint for labor is
Lt = Ly,t + Lr,t , (20)
where Lr,t = 0 under the lab-equipment specification.
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3. Effects of patent breadth on innovation

On the balanced growth path, the allocation of labor is
stationary. In this case, (10) implies that the steady-state π is
stationary, which in turn implies

V =
π

r
. (21)

Therefore, the steady-state V is also stationary. From (4), the
steady-state consumption growth rate g is

g = r − ρ = (µ − 1)


α

µ

1/(1−α) Ly
V

− ρ, (22)

where the second equality applies (10) and (21). The total value of
households’ assets is At = NtVt . The steady-state condition V̇t = 0
implies Ȧt = ṄtV , which in turn simplifies (2) to

Ct = wtL + (r − g)NtV = wtL + ρNtV , (23)

where the growth rate of Nt is equal to the growth rate of
consumption at the steady state. Combining (3), (18) and (23)
yields

L =
1

1 + γ


1 −

γ ρNV
w


=

1
1 + γ

−
γ

1 + γ


ρ

1 − α

 µ

α

α/(1−α)

V . (24)

Under inelastic labor supply (i.e., γ = 0), L equals unity.
Under elastic labor supply, L is decreasing in µ through w
(i.e., substitution effect) for a given A = NV (i.e., wealth effect).

Under the lab-equipment (LE) specification, the steady-state
growth rate gLE is easy to determine because LLEy = LLE and V LE

= η
from (13). Therefore, (22) implies that the equilibrium growth rate
under LE is

gLE
=

µ − 1
η


α

µ

1/(1−α)

×


1

1 + γ
−

γ

1 + γ


ρ

1 − α

 µ

α

α/(1−α)

η


− ρ. (25)

For the special case of γ = 0, gLE is monotonically increasing inµ.3
However, when γ > 0, gLE becomes an inverted-U function in µ
due to the negative effect of µ on labor supply LLE . It can be shown
that the growth-maximizing patent breadth µLE is characterized
by

µLE
+

γ ρη

α1/(1−α)
(µLE)α/(1−α)

=
1
α

. (26)

Given γ > 0,µLE has an interior solution (i.e.,µLE < 1/α).
Under the knowledge-driven (KD) specification, the steady-state

growth rate can be solved as follows. Equating (15) and (18) yields

V KD
= η(1 − α)


α

µ

α/(1−α)

. (27)

Then, equating (22) and gKD
= Lr/η from (14) yields

Lr
η

= (µ − 1)


α

µ

1/(1−α) Ly
V

− ρ. (28)

Combining (20), (24), (27) and (28), we obtain

3 It is useful to note that (µ − 1)/µ1/(1−α) is increasing in µ given µ < 1/α.
LKDy =
µ(1 − α)

µ − α


1 + ρη

1 + γ


. (29)

Substituting (27) and (29) into (22) yields

gKD
= α


µ − 1
µ − α


ρ + 1/η
1 + γ

− ρ, (30)

which is always increasing in µ. Under inelastic labor supply,
gKD

= srL/η, where sr ≡ Lr/L (i.e., the R&D share of labor) is
increasing in µ and L = 1. Under elastic labor supply, we can
substitute (27) into (24) to derive LKD = (1 − γ ρη)/(1 + γ ),
which is also independent of µ.4 Finally, we conclude this letter
by summarizing our results in Proposition 1.

Proposition 1. Given inelastic labor supply, increasing patent brea-
dth has a positive effect on innovation under both the knowledge-
driven and lab-equipment specifications. Given elastic labor supply,
the effect of patent breadth on innovation continues to be positive
under the knowledge-driven specification but becomes inverted-U
under the lab-equipment specification.
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