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and Growth*
It is commonly argued that labor market institutions such as employment protection worsen
an economy’s performance and particularly so, if product markets become more competitive.
Empirical evidence, however, has difficulties to detect a robust negative correlation between
employment protection and growth. We show in a model with step-by-step innovations that
whether employment protection decreases incentives to innovate and thus productivity
growth depends on the degree of product market competition. For reasonable parameter
values product market deregulation fosters growth substantially more in the flexible than in
the constrained economy.
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Introduction

Interactions between labor and product markets have received considerable attention in recent years.
On the one hand it is crucial to analyze such interactions and their eﬀect on economic performance
in order to understand why both types of regulation vary substantially across OECD countries
and tend to be positively correlated (see, e.g., Nicoletti et al. (2001)). On the other hand the
interactions are of particular interest for Europe where product markets have become increasingly
competitive in the process of European integration and labor markets are quite regulated. The
question we want to address in this paper is whether labor market regulations such as employment
protection are necessarily bad for economic growth and how the relationship between the two
depends on product market competition.
In perfect and complete markets the answer to this question is clear: employment protection
is bad for growth. In the models of Hopenhayn and Rogerson (1993) and Bertola (1994) employment protection hampers eﬃcient reallocation of factors across sectors. Bertola (1994) shows
how this aﬀects the investment behavior of forward-looking firms and exerts a negative eﬀect on
growth. Empirical evidence, however, has diﬃculties to detect a robust negative eﬀect of employment protection on growth in the data. Nickell and Layard (1999) find that employment protection
and productivity growth are positively correlated in OECD countries in the period 1976-92. The
OECD (2001) and Bassanini and Ernst (2002) find an ambiguous relationship between employment
protection and R&D for the years 1993-97. Bentolila and Dolado (1994), p. 69, report that temporary employment and productivity growth are negatively correlated in Spain after controlling for
worker characteristics.
In this paper we explain this empirical evidence by relaxing the assumption of perfect competition. We show that the degree of product market competition is crucial for the relationship between
employment protection and growth. We build on the model of Aghion et al. (2001) (see also Aghion
and Howitt (1998), ch. 7.4). Aghion et al. (2001) use the concept of step-by-step innovations to
generate a positive eﬀect of competition on innovation and thus growth, which in the standard
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Schumpeterian model is always negative. Step-by-step innovations mean that a technology laggard
first has to catch up before he can become a technology leader. An important feature of this model
is that introducing some competition makes profits positively depend on the relative position on
the technology frontier. This implies that competition can foster innovation although the absolute
value of the firm falls as competition increases. Intuitively, firms escape competition by innovating.
Building on the model of Aghion et al. (2001) ensures that our model is consistent with the empirical evidence that product market competition is positively related to productivity growth (see
Nickell (1999) and Bassanini and Ernst (2002)), although the relationship might become negative
for high levels of competition (see Aghion et al. (2002)).
The contribution of this paper is to add employment protection to the model of Aghion et
al. (2001). We show that step-by-step innovations do not only change the results of a standard
Schumpeterian model for the eﬀect of product market competition on growth, but also for the eﬀect
of labor market institutions on growth. In the standard Schumpeterian model flexibility is always
good for growth (see, e.g., Saint-Paul (1996), p. 173). In a model with step-by-step innovations
instead, we show that growth does not necessarily have to be lower in economies with employment
protection if product markets are not competitive. For a given level of employment in the economy
with employment protection, low levels of competition imply relatively more employment than in
the flexible economy. This depresses the marginal revenue product of labor used in production
and makes it more attractive to use workers for R&D. Analogously, if product markets are very
competitive, employment and growth are higher in the more flexible economy. Moreover, we show
that firing costs can foster innovation if firms face the risk to close down. Since firms incur firing
costs if they close down and technologically advanced firms have to close down with a smaller
probability, there is a dynamic incentive to innovate. This is an additional channel that can induce
growth in the constrained economy to be higher than in the flexible economy especially if product
markets are not very competitive.
Let us now further relate this paper to the existing literature. Some recent papers have modeled
the labor market in an aggregated way to study interactions with product markets. E.g., Blanchard
3

and Giavazzi (2001) analyze the eﬀects of bargaining power in the labor market and monopoly power
in product markets on the movements of the labor share. Bertola and Boeri (2001) analyze the
interactions of labor and product markets by focusing on the labor demand elasticity and the markup over wages. In this paper we focus on the interaction of product market competition with one
type of labor market regulation, i.e., employment protection.
As mentioned above employment protection is bad for growth if markets are perfect and complete. The following papers relax this assumption to show that employment protection can increase
productivity. As we will point out, however, all these paper are not consistent with the empirical
finding that competition can increase growth. In the paper of Levine and Tyson (1990) higher job
security increases employee participation and thus productivity where employers do not oﬀer job
security on their own initiative because of adverse selection. Oﬀering more security compared to
other firms would result in low-eﬀort job applicants (see Levine (1991)). A formal exposition how
employment protection can increase worker’s productivity is provided by Fella (2000). He shows in
a model with search frictions that severance payments increase the firm’s willingness to invest in
worker’s general training.1 This is because separation is less likely to occur in which case the firm
looses all of its investment since the human capital is embodied in the worker. In Fella’s model
large severance payments or consensual layoﬀ agreements will induce firms to bargain eﬃciently
over the joint payoﬀ from separation. Another explanation is put forward by Saint-Paul (2002). In
his model production of goods is relatively less risky at late stages of the product cycle. Saint-Paul
shows that firing costs decrease R&D activity for innovating new goods, the “primary” innovation,
whereas they increase R&D for imitation of mature goods, the “secondary” innovation.
However, all these explanations are at odds with empirical evidence that product market competition is positively related to productivity growth. Increases in the variability of product demand
and resulting layoﬀs will decrease employee participation according to Levine and Tyson (1990), so
that an increase in product market competition lowers productivity. In the model of Fella (2000)
the joint surplus of the match decreases if product markets are more competitive. As turnover rises
1

In a similar modeling framework Belot et al. (2002) show that firing costs let workers exert more eﬀort.
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in the labor market, firm’s investment in general training falls. Finally, in the model of Saint-Paul
(2002) higher turnover in the labor market resulting from product market competition or higher
production risk decreases R&D for “primary” innovation in favor of R&D for “secondary” innovation. Our model instead is consistent with both pieces of empirical evidence, the positive correlation
between product market competition and growth on the one hand and the non necessarily negative
correlation between employment protection and growth on the other hand.
The rest of the paper is structured as follows. In Section 2 we present the model. In Section
3 we derive the main result that the eﬀect of employment protection on growth crucially depends
on the degree of product market competition. In Section 4 we show that the risk to close down
resulting from adverse shocks creates additional incentives to innovate. We conclude in Section 5.

2

The Model

The basic model of the flexible economy without industry shocks is as in Aghion et al. (2001).
Hence, we refer to their paper for further discussion of the major assumptions and more detailed
derivations.
The economy has a continuum of production sectors and a continuum of consumers.

Consumers Households with infinite horizon have the preferences
¸
·Z 1
Z ∞
−rt
e
ln ci (t)di − l(t) dt,
U(c, l) =
0

0

where ci denotes consumption of good i, r is the market interest rate which equals the discount
rate and l denotes the labor supplied by each household. The preferences imply infinitely elastic
labor supply.2 Furthermore, log-utility implies that a fixed amount of expenditure is spent on each
good where expenditure is normalized to 1.3 From the household’s maximization problem it then
follows that the wage is 1, too.
2

As pointed out by Aghion et al. (1997) inelastic labor supply will lower the eﬀects of product market competition

on innovations because wages rise as employment does which lowers the rents obtained by innovating.
3
Note that strictly speaking we need to define consumer utility as ln(ci +c), c> 0, for utility to be well defined if
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Producers There are barriers to entry and markets are characterized by a duopoly. Hence, rents
occur in this market although the production function has constant returns. This is done to avoid
that unit costs depend on the quantities produced. With fixed costs the most eﬃcient way to
produce would be achieved with one firm only. However, more competition lowers research eﬀort
in the classic Schumpeterian monopoly model. Hence, such a framework would not be consistent
with the empirical evidence that product market competition increases productivity.
Industry output is characterized by
1

xi = gi (xa , xb ) = (xαa i + xαb i ) αi ,
where the two firms in each sector produce output xa and xb , respectively. Although αi is
really a taste parameter, it relates to standard measures of competition. E.g., a higher αi implies
a higher elasticity of demand and less market power. Note that in the limit case of α = 1 there is
Bertrand competition since we let firms compete in prices (see below).4 We assume for simplicity
that competition is the same across industries, i.e., α = αi ∈ (0; 1). Then the problem structure is
symmetric for all industries so that we drop the industry index i in the rest of the paper.
Households maximize g(xa , xb ) subject to pa xa + pb xb = 1 in order to determine how much of
the good is bought from firm a and b. This results in
1

paα−1

xa =

α

(1)

α

paα−1 + pbα−1
and
1

xb =

α

pbα−1

α

,

(2)

paα−1 + pbα−1
where pa denotes the price of the good produced by firm a. The elasticity of demand (defined
as a positive number) corresponding to the demand functions derived above is
ηj =

1 − αλj
,
1−α

the whole industry i closes down (see below). Alternatively, we could restrict the support of the industry shocks to
prevent this from happening.
4
For firms competing in quantities and a comparison of Bertrand and Cournot equilibria see Aghion et al. (1997).
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for each firm where j = a, b. The revenue, λ ≡ px, can be written as
α

λj =

pjα−1
α

α

,

(3)

paα−1 + pbα−1
where λa + λb = 1.
Let us now assume that each good is produced with labor. The production function is assumed
to have constant returns. Labor is fully elastically supplied. Firms take the wage w as given. This
implies that employment protection is not neutral for firms in our model (see, e.g., Lazear (1990)
or Alvarez and Veracierto (2001)). Because of the normalization assumption that expenditure is 1,
w = 1. The cost of every production unit is ρj which varies between firms according to how many
units of labor are necessary for production.

2.1

Flexible Economy

We now determine profits and R&D eﬀorts first in the flexible economy and subsequently in the
constrained economy.
Profits Given the assumptions made above, in equilibrium the profit-maximizing price of firm j
in the flexible economy is
pj =

ηj
1 − αλj
ρj =
ρ .
ηj − 1
α (1 − λj ) j

(4)

It follows that total profits in equilibrium are
πj =

λj
λj (1 − α)
=
.
ηj
1 − αλj

(5)

Equations (3)~(5) can be used to solve for unique equilibrium prices, revenues and profits. As
is shown in Aghion et al. (2001), for given α equilibrium profits of firm j are determined by the
relative cost z ≡

ρj
ρ−j

since the demand for the good of industry i is unit-elastic. If both firms

advance on the technology frontier so that z remains unchanged, prices fall and demand rises by
the same proportion so that revenues remain unchanged. Thus, labor-saving technological progress
does not decrease employment in production. The amount of labor saved per unit of production is
absorbed by expanding production.
7

R&D Each sector is assumed to be a duopoly also in R&D. The R&D eﬀort is assumed to depend
on the current state of technology which implies that we search for symmetric stationary equilibria
in Markov strategies. We do derive results for the case of very large innovations in order to convey
the main message as simple as possible. The results are more general, however, as shown by
Aghion et al. (2001) because smaller innovations increase the incentive to innovate resulting from
more competitive product markets. With small innovations the appropriability eﬀect of standard
Schumpeterian models vanishes. Because of the appropriability eﬀect, competition is bad for growth
in standard Schumpeterian models since competition decreases the rents derived from innovation.
In the case of very large innovations there are three states of the firm, {1, 0, −1}, which denote
the technology leader being one step ahead, neck-and-neck firms and the technology laggard, respectively. Step-by-step innovations mean that a technology laggard first has to catch up before
he can become a technology leader. Employing

βq 2
2

units of labor, β > 0, a firm moves one step

forward on the technology frontier with the endogenous Poisson hazard rate q. Because of very
large innovations the technology leader does not exert any research eﬀort, i.e., q1 = 0. The technological follower catches up with the leader at rate q−1 . If this happens, firms are neck-and-neck.
Neck-and-neck competition is defined as z = 1 where z ≡

ρj
ρ−j ,

j = a, b. I.e., both firms have the

same input requirement and thus the same unit cost. Firms in neck-and-neck competition exert
research eﬀort q0 which is then also the endogenous Poisson hazard rate of each firm to become a
technology leader. If a firm advances one step, its input requirement for production falls by the
factor γ −1 , γ > 1. Hence, the relative cost of the technological leader being one step ahead is
z = γ −1 .
Using subscripts again to denote the relative technology level, the expected present value of the
firm V in the three states satisfies the following equations for small time intervals:
rV1 = π1 + q−1 (V0 − V1 ),
rival0 sR&D

↓

rV0 = π0 + q0 (V1 − V0 ) +

q0
8

(V−1 − V0 ) −

(6)

β(q0 )2
2

(7)

and

rV−1 = π−1 + q−1 (V0 − V−1 ) −

β(q−1 )2
.
2

(8)

The rate of return from performing R&D has to equal the rate of return available in the market,
r. E.g., in equation (8) for technology laggards, the returns of performing R&D contain profit flows
π−1 and the change of the firm’s value of moving one step ahead on the technology frontier, V0 −V−1 ,
which happens with probability q−1 . Moreover, there is a flow cost for the R&D eﬀort of

β(q−1 )2
.
2

The resulting optimal research eﬀorts q0 and q−1 are found maximizing the respective right-hand
side of equations (6)~(8) so that we get:

q1 = 0

q0 =

V1 − V0
β

(9)

(10)

and

q−1 =

V0 − V−1
.
β

(11)

Subtracting equation (7) from equation (6), and equation (8) from equation (7), using equations
(10) and (11) yields
π1 − π0
1 2
q0 + rq0 =
2
β

(12)

1 2
π0 − π−1 1 2
q + rq−1 =
+ q0 − q0 q−1 ,
2 −1
β
2

(13)

and

which determine q0 and q−1 as a function of relative profits π1 − π0 and π0 − π−1 .
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In fact, equations (12) and (13) imply
q0 = −r +

s

r2 +

2(π 1 − π0 )
β

(14)

and
q−1 = −(r + q0 ) +

s

(r + q0 )2 + q02 +

2(π0 − π−1 )
.
β

(15)

We know from Aghion et al. (2001), Proposition 1, that π1 > π0 > π−1 and π1 − π 0 > π0 − π−1
so that research eﬀorts are highest if firms are neck-and-neck. Note again that with step-by-step
innovations research eﬀorts only depend on relative profits. This is why competition can increase
growth although the absolute value of the firm falls.
Aghion et al. (2001) derive the steady state distribution of firms in each state and show that
for the case of very large innovations the growth rate is
g=

2q0 q−1
ln γ.
2q0 + q−1

(16)

It follows that the growth rate is higher if firms put more eﬀort in R&D, i.e., if q0 or q−1 is
larger.

2.2

Constrained Economy

Assume that in the constrained economy firing and hiring costs are such that workers are never
hired or fired when firms change their relative position on the technology frontier. I.e., we assume
that the shadow value of labor Jk is always greater or equal to the firing cost per worker F and
smaller than the hiring cost per worker H. For example the condition for the technology laggard
reads −F ≤ J−1 ≤ H. Assuming that no worker is fired or hired in the economy with employment
protection is extreme. However, it allows us to make the point as simple as possible. This is
particularly so below, when we introduce stochastic shocks into the model.
Given that workers are never fired, firms employ the same amount of labor L independent of
their position on the technology frontier. Hence, instead of choosing the price as in the flexible
10

economy, in the constrained economy firms decide how many of the workers are used for production,
Lp , and how many for R&D, Lr . It is important to note that for the results obtained below we need
that the input used in production can also be used for R&D. In this case, labor which is slack in
the production sector of the constrained economy will be employed for R&D so that the marginal
revenue product of labor is the same for both activities. The arbitrage equation is
∂λk (Lpk )
1
=p
(Vk+1 − Vk )
p
∂Lk
2βLrk

(17)

The marginal revenue product of labor in production on the left-hand side has to equal the expected
marginal benefit of labor used for R&D on the right-hand side where k ∈ {1, 0, −1}. The expression
for the marginal productivity of labor used for R&D is derived by noting that the benefit of R&D
is qk (Vk+1 − Vk ) for which Lrk =

β(qk )2
2

units of labor are necessary. Hence,
s
2Lrk
qk =
β

(18)

and
∂qk
1
=p
r
∂Lk
2βLrk

which implies the expression on the right-hand side of equation (17). Equation (17) will determine
Lp and Lr . In order to see this we still need to show how prices, revenues and profits are determined.
Profits For a given Lp firms j = a, b produce
¡ ¢−1 p
Lj
xj = ρj

units of output. Using equations (1) and (2), market clearing implies that
µ
¶
´1−α
xj α−1 ³ p
pj
=
= zL−j /Lpj
.
p−j
x−j

(19)

Equation (3) and (19) then imply that firm’s revenues depend on the relative position on the
technology frontier as in the flexible economy and the relative labor input used in production, i.e.,
Ãµ
!−1
¶ α
´α
³³
´−1
p−j α−1
+1
= zLp−j /Lpj + 1
.
(20)
λj =
pj
11

Prices are determined as
pj =
so that profits are

ρj
λj
´
³³
´α
=
p
p
xj
Lj zL−j /Lpj + 1

πj = (pj − ρj )xj = λj − Lpj .

(21)

(22)

Equations (20)~(22) express revenues, prices and profits as a function of Lp .

R&D In the flexible economy R&D eﬀorts are such that the marginal benefit of performing
R&D equals the marginal cost. This is no longer the case in the constrained economy where the
amount of total labor employed is fixed and Lr is chosen so that the productivity of labor is equal
in production and R&D. Calculating the marginal revenue product of labor in production using
equation (20) and
Lr = L − Lp ,

(23)

´α
³
α zLp−j /Lpj
(Vk+1 − Vk )
³³
´α
´2 = r ³
´
Lpj zLp−j /Lpj + 1
2β L − Lpj

(24)

equation (17) becomes

which implicitly defines the optimal Lpj where V (Lp ). Denoting the marginal revenue product of
labor in production on the left-hand side of equation (24) by MRP Lp , one can verify that
lim MRP Lp = 0

Lp →∞

and
lim MRP Lp → ∞.

Lp →0

Instead the marginal benefit of R&D can be finite if Lr = 0 and at the same time Vk+1 −Vk = 0.
This is the case for α = 0, when the value of the firm is independent of its position on the technology
12

frontier. Finally, note that for neck-and-neck firms
MRP Lp =

α
4Lp0

because z = 1 and Lp−j /Lpj = 1.
Once the amount of production workers Lpk is determined in equation (24), R&D eﬀort qk
follows from equations (23) and (18). The growth rate is determined as in the flexible economy
(see equation (16)).

3

Growth and Product Market Competition

We now compare growth in the flexible and constrained economy as the degree of product market
competition changes. We start by comparing the two special cases α = 1 and α = 0. In the flexible
economy without competition, i.e., α = 0, the profit of firms is independent of the relative position
on the technology frontier. Firms produce an infinitesimal amount for an infinitely high price so
that profits are 1/2 (see equations (3) and(5)). There is no innovation so that the growth rate is
0. In the constrained economy without competition equation (20) shows that if α = 0 revenues do
not depend on the relative position on the technology frontier. R&D is useless and MRP Lp = 0
for an infinitesimal Lp . Hence, labor is slack and qk = 0. Hence, for α = 0, growth is zero in both
the flexible and constrained economy.
In the flexible economy firms engage in monopolistic competition if α = 1. Because of Bertrand
competition only one firm remains in the market and obtains all the profits because of its superior
technology. In the constrained economy instead there will still be two firms producing if α = 1 and
the quantity constraint imposed by employment protection is binding. Hence, if α = 1 R&D and
growth will be smaller in the constrained than in the flexible economy.
We solve the model numerically for intermediate values of α using the parameter values reported
in Table 1.
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Table 1: Parameter Values
β=1

γ = 1.2

r = .03

L = .15

We set β = 1 so that the cost of innovation is

q2
2

which scales growth rates to reasonable values

given the other parameters. The interest rate r is set to .03 which is within the interval of values
commonly used. Since we consider very large innovations we parametrize γ as 1.2 which means that
a technology laggard needs 20% more inputs to produce the same output as the technology leader.
We let L = .15 for firms in the constrained economy. This is roughly the optimal amount of labor
employed by the technology leader in the flexible economy if α = .5, i.e., at medium competition
levels.
We want to compare growth rates in the flexible and constrained economy as we decrease or
increase product market competition starting from medium competition values. Since it is optimal
for firms not to adjust employment L because of high firing and hiring costs, the eﬀects of changes of
product market competition on growth rates have to be interpreted as short to medium run eﬀects.
This is particularly so because we do not include natural turnover resulting from quits of workers
or exit and entry of firms. Results that are not reported show that if we calculate the optimal L for
every α in the constrained economy, L positively depends on α. Hence, the mechanism mentioned
below is the stronger the longer it takes to adjust the amount of employed workers. For presentation
purposes we consider the extreme case no adjustment at all. In the longer run natural turnover,
i.e., exit or entry of firms or workers will tend to adjust L even if firing costs are high. Note that
in the standard Schumpeterian model such turnover is intrinsic in the creative destruction process
whereas in the model with step-by-step innovations we consider this is not necessarily the case.
Figure 1 displays the growth rate in the flexible and constrained economy for the chosen parameter values for values of α ∈ (0; 1). Note that if α = 0, there is no growth in the flexible and
constrained economy as mentioned above. Figure 1 illustrates the following:
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Figure 1: Employment protection and growth as a function of product market competition
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1. Whether employment protection is good or bad for growth depends on the degree of product
market competition.
Let α∗ denote the value of α at which growth in the flexible and constrained economy are equal.
If the product market is not competitive enough, i.e., if α < α∗ , growth is higher in the constrained
economy. Depending on the parameter values, it is possible that we get corner solutions so that
growth is always higher or equal in the flexible or in the constrained economy, respectively. The
crucial parameter is L. If α ≪ α∗ , the amount of employed workers per firm L is substantially
larger in the constrained economy than in the flexible economy. Instead, if α ≫ α∗ , the amount
of workers per firm L is substantially smaller than in the flexible economy. In the former case
the firm will employ more workers in both production and R&D so that the marginal benefit of
both tasks is the same. This why growth rates are higher (smaller) in the constrained than in the
flexible economy if α ≪ α∗ (α ≫ α∗ ). Note that α∗ is diﬀerent from the value of α at which labor
employed is the same in the flexible and constrained economy. This is because in the constrained
economy R&D and production are related through the arbitrage equation (24).
2. Unless α is close to 0, product market competition fosters growth substantially more in the
flexible economy.
Deregulation of product markets is relatively more beneficial for economies with flexible labor
markets. In the model this results from the fact that in the constrained economy the marginal
benefit of R&D is compared to the M RP Lp whereas in the flexible economy it is compared to the
marginal cost of R&D. It is verified that
∂MRP Lp
>0
∂α
for the technology leader and neck-and-neck firms whereas
∂MRP Lp
<0
∂α
for technology laggards. The intuition is that the demand for the industry’s good becomes
more elastic as α increases which hurts the technology laggard who produces the good at higher
16

cost than the technology leader. For neck-and-neck firms who are exactly alike, the intuition is
like for a monopolist. Production increases as the mark-up falls resulting from the higher elasticity
of demand. In the constrained economy this aﬀects R&D because of the arbitrage equation (24).
Hence, as competition becomes more intense, MRP Lp increases for neck-and-neck firms, but so
does the marginal benefit of R&D because the technology leader becomes relatively better oﬀ.
For the chosen parameter values it turns out that the overall eﬀect on R&D is negative. For the
technology laggard instead MRP Lp decreases and the marginal benefit of R&D increases so that
R&D increases. The opposite eﬀects for the laggard and neck-and-neck firm nearly oﬀset each other
so that the growth rate in the constrained economy is insensitive to changes in α. Of course, in the
region in which α is close to 0, i.e., where R&D starts to be beneficial, labor is employed for R&D
relatively more in the constrained economy since M RP Lp is particularly low.
3. The growth rate is highest in the flexible and competitive economy as long as α∗ < 1.
This holds as long as the quantity constraint implied by employment protection is binding (see
the discussion of the case α = 1 above). This scenario is consistent with the higher growth rates in
the UK or US, countries with competitive product markets and flexible labor markets, compared
with the lower growth rates in continental Europe where labor markets are quite regulated.
Note that in our numerical example growth rates increase in the flexible economy as product
markets become more competitive. In general, the relationship between growth rates and competition is non-linear as shown by Aghion et al. (2001). The main insights are robust, however,
because the results for the limit cases α = 0 and α = 1 are unambiguous.
So far we have considered the stylized case in which firms never fire because of prohibitively
high firing costs. We relax this assumption in the next section in which we introduce stochastic
profit shocks. In this case we are able to show that there are additional incentives to innovate in
the constrained economy in order to avoid firing costs.
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4

Extension: Stochastic Profit Shocks

To keep the model as simple as possible we assume that every industry is exposed to an i.i.d.
exogenous profit shock ε.5 This shock can be interpreted as an unexpected change of an industry’s
business conditions such as costs of law suits resulting from unforeseen consequences of new inventions or government subsidies for certain industries. We let this shock be uniformly distributed
in the interval [ε; ε] normalizing the expected value to E(ε) = 0 and denoting the cumulative distribution function with F (ε). We let the support of the distribution be such that firms do close
down their business should they be exposed to an adverse enough shock. The explicit condition
will be mentioned below. Once a firm closes down a new firm takes its place in the market in the
next period.6 This allows us to preserve the duopoly structure of the industries and simplifies the
analysis considerably.7
If the realization of ε is smaller than the critical value εk , workers are fired and firms incur
total firing costs of size s. This critical value depends on the firms’ position on the technology
frontier. The technology leader will close down if V1E ≤ −s, the neck-and-neck firm will do so if
E ≤ −s where the superscript E denotes the
V0E ≤ −s and the technology laggard fires workers if V−1
E , it follows that ε < ε < ε
constrained economy with profit shocks. Since V1E > V0E > V−1
1
0
−1 < 0

(see equations (31)~(33) in the appendix for the implicit definitions of the εk ’s, k ∈ {1, 0, −1}).
Technologically more advanced firms close down if relatively more adverse shocks occur. Hence,
5

The shock could also be firm specific without changing the results derived below. The model would need to be

slightly adapted because then also technology laggards or neck-and-neck firms could become a monopolist for one
period (see below).
6
This is optimal for the firm as long as the value of being in the market exceeds the entry cost. One can think
of the “new” firm as the firm that has closed down previously and takes up business again if business conditions are
more favorable, i.e., if a larger ε is realized. Since we look at the case of very large innovations so that the technology
leader never innovates, we can neglect changes of the relative technology position while one firm is out of business.
7
In this paper we are interested in the interactions between increases in competition within given industries
and labor market institutions. Hence, we keep the industry structure constant. Letting the industry structure be
endogenous is a challenging task for future research.

18

the probability of closing down decreases as firms advance on the technology frontier: F (ε ≤ ε1 ) <
F (ε ≤ ε0 ) < F (ε ≤ ε−1 ).
We continue to assume that firing costs are such that it is optimal for firms not to adjust their
workforce as their relative technological position improves or deteriorates, but only if a negative
enough profit shock occurs which forces a firm to close down. This assumption makes our model
tractable because under this assumption all firms face the same cost s when they close down and
we do not have to consider the firm-specific workforce as an additional state variable.
Note that markets always clear in the economy because we consider an infinite number of
industries. The law of large numbers implies that the same mass of firms closes down every period
so that also the same number of workers is employed.
We model employment protection as a cost s which is borne by the firm if it fires L workers.
Equations (6)~(8) then become

V1E

=

Z

ε

max{

ε

¤
1£ E
E
π1 + ε + (1 − I{ε1 ≤ε≤ε−1 } )q−1
(V0E − V1E ) + I{ε1 ≤ε≤ε−1 } (πm − πE
1 ) , −s}dF (ε),
r

(25)

V0E =
and

Z

ε

ε



rival0 sR&D

↓
q0E

1
E
E
E
max{ πE
0 + ε + q0 (V1 − V0 ) +
r

E
V−1
=

Z

ε

ε

(V−1 − V0 ) −



β(q0E )2 
2

 , −s}dF (ε)

"
#
E )2
β(q
1 E
−1
E
E
, −s}dF (ε) .
max{ π−1 + ε + q−1
(V0E − V−1
)−
r
2

(26)

(27)

Profit flows πE
k , k ∈ {1, 0, −1}, are determined by equation (22). Moreover, note in equation
(25) that the technology leader can become monopolist for a small time interval before a new firm
enters. The indicator function I{ε1 ≤ε≤ε−1 } is one if this event occurs, i.e., if ε1 ≤ ε ≤ ε−1 . The
probability of this event is F (ε1 ≤ ε ≤ ε−1 ). In this case the industry shock is such that the
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technology leader continues to produce whereas the technology laggard closes down. The profits of
the monopolist, πm , are 1 in the flexible economy and 1 − L in the constrained economy. In the
flexible economy the monopolist charges an infinite price for an infinitesimal quantity and hence
extracts all consumer expenditure (which we normalized to 1) without incurring costs. In the
constrained economy the monopolist cannot shed labor and thus incurs the cost wL. Note that the
monopolist technology leader remains leader with probability 1 since the laggard closes down. I.e.,
E (V E − V E ) only matters if ε ≥ ε .
the term q−1
−1
0
1

It is useful to rewrite equations (25)~(27) as
E

V1E = F (ε ≤ ε1 )(−s) + F (ε > ε1 )V 1 ,

(28)

E

V0E = F (ε ≤ ε0 )(−s) + F (ε > ε0 )V 0

(29)

and
E

E
V−1
= F (ε ≤ ε−1 )(−s) + F (ε > ε−1 )V −1 ,

(30)

E

where V k is the value of a firm conditional on survival, i.e., when ε ≥ εk . For the technology
laggard, e.g., this value reads
"
#
Z ε
E )2
β(q
1 E
E
−1
E
E
π +
.
V −1 ≡
εdF (ε) + q−1
(V0E − V−1
)−
r −1
2
ε−1

√
E −V E )/ 2βLr .
Recall from equation (17) that the marginal benefit using labor for R&D is (Vk+1
k

Since
E

E

E
− VkE = (F (ε ≤ εk ) − F (ε ≤ εk+1 )) s + F (ε > εk+1 )V k+1 − F (ε > εk )V k
Vk+1

and because of the envelope theorem8
E − V E)
∂(Vk+1
k
= F (ε ≤ εk ) − F (ε ≤ εk+1 ) > 0.
∂s
8

E

The envelope theorem implies that εk and V k are optimized and thus do not change at the margin.
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Thus, an increase in the cost of shedding labor increases the marginal product of R&D and
thus growth since technologically more advanced firms are less likely to close down. The size of the
eﬀect is larger the more the probability of costly firing decreases as firms advance on the technology
frontier. We summarize:
Profit shocks increase growth in the economy with firing costs relative to the flexible economy for
α > 0.
Product market competition amplifies this eﬀect if relative profits rise (see Figure 1 above and
Aghion et al. (2001) for a formal exposition). Equations (25)~(27) in the Appendix then imply
that εk − εk+1 increases and so does F (ε ≤ εk ) − F (ε ≤ εk+1 ) so that the eﬀect of firing cost on the
marginal benefit of using labor for R&D becomes relatively larger. However, as in the case without
profit shocks relative profits, and thus R&D and growth, increase less than in the flexible economy
as competition becomes more intense. Hence, in terms of Figure 1, α∗ increases and so does the
region in which growth rates are higher in the constrained economy than in the flexible economy for
given parameters. Note that with profit shocks growth can be higher in the constrained economy
even if this is never the case without profit shocks. However, we have considered only marginal
changes. If s is so large that it is optimal for firms to close down, it is obvious that firing costs
cannot increase growth.
Note that in the model we have taken the total number of workers L as given since we have
modeled exit and entry only very stylized in Section 4 and have abstracted from them entirely in
Section 3. Alternatively, we could also determine the optimum L∗ a firm would employ if it decides
to start production. In our model L∗ increases as competition increases, but it is unclear whether
employment protection would induce more or less labor demand than in the flexible economy for
the same reasons pointed out in standard labor demand models (see, e.g., the survey of Bertola
(1999)).
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5

Conclusions

Our model shows that the relationship between employment protection and growth depends on the
degree of product market competition. Employment protection is bad for growth if competition is
intense, but not necessarily so if product markets are very regulated. Hence, in the light of our
model it is not surprising that empirical studies get ambiguous results for the eﬀect of employment
protection on growth. Moreover, our model relates to the aggregate analysis of Bertola and Boeri
(2001) in an interesting way. Bertola and Boeri show that in regulated labor markets product
market competition is more likely to have positive employment eﬀects the larger are the eﬃciency
increases resulting from more intense product market competition. Our model points out that this
is more likely if the economy is flexible.
However, our model is partial in an important respect. We do not explicitly analyze entry
decisions of firms. In our model it is always optimal for firms to enter because markets are regulated
which implies rents. In further research it would be interesting to endogenize the industry structure
to jointly analyze the eﬀect of employment protection on incumbents and entrants.
From a policy perspective our model can rationalize why product market and labor market
regulations are highly positively correlated in OECD countries (see Nicoletti et al. (2001)). In
our model economic performance is not necessarily adversely aﬀected by employment protection if
product markets are very regulated. In countries with competitive product markets instead, growth
can increase substantially if labor markets are deregulated. If countries try to optimize economic
performance, product and labor market regulations will be used complementary. Saint-Paul (2002)
shows that political support for employment protection is indeed larger in economies in which
growth is low. Countries that have other objectives than just economic performance, however,
might find it optimal to use product and labor market regulation as substitutes (see, e.g., Agell
(1999)). If markets are incomplete, insurance of risk-averse agents through employment protection
can be optimal as economies become more open and competitive.
Finally, according to our numerical results, deregulating product markets increases growth only
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slightly in countries with employment protection whereas growth increases substantially in the
flexible economy so that growth rates are highest in countries with deregulated product and labor
markets. This is consistent with the higher growth rates in the UK or US compared with continental
Europe.

Appendix
The critical values of the shocks at which firms close down follow from equations (25)~(27):

ε1 + rs + πm = 0 ,

(31)

rival0 sR&D

ε0 + rs + π0 + q0E (V1 − V0 ) +

↓

q0E

(V−1 − V0 ) −

E
(V0 − V−1 ) −
ε−1 + rs + π−1 + q−1

β ¡ E ¢2
q
=0,
2 0

β ¡ E ¢2
q
=0.
2 −1

(32)

(33)

Equation (31) follows because the technology leader only closes down if the technology laggard
is already out of business.
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