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1 Introduction

Empirical research has established that there are large and persistant productivity differences
among firms in narrowly defined industries (Bartelsman and Doms 2000). Furthermore,
these productivity differences are important for understanding international trade. Even
in so-called export sectors, many firms do not export their products and it is the most
productive firms that tend to export. Trade liberalization induces the least productive firms
to exit and induces more productive non-exporting firms to become exporters, market share
reallocations that contribute in a significant way to productivity growth (i.e., Clerides, Lach
and Tybout 1998, Bernard and Jensen 1999ab, Aw, Chung and Roberts 2000, Pavcnik 2002;
see Tybout 2003 for a survey).

This evidence goes against both old trade theory (the Heckscher-Ohlin and Ricardian
trade models) and the so-called new trade theory (Helpman and Krugman 1985). Both
classes of trade models have representative firms and assume away any firm-level differences
within sectors.

In response to the conflict between old theory and new evidence, a variety of trade models
have been developed recently with firm-level productivity differences. Important contribu-
tions include Melitz (2003), Bernard, Faton, Jensen and Kortum (2003), Helpman, Melitz
and Yeaple (2004), Melitz and Ottaviano (2005), Yeaple (2005) and Baldwin (2005). These
models can account for many of the new firm-level facts and represent significant advances
in the theory of international trade. But one thing that is missing from all of these models is
steady-state productivity growth. For example, in Melitz (2003), trade liberalization causes
a permanent increase in productivity but the steady-state rate of productivity growth is zero.

In an important recent paper, Baldwin and Robert-Nicoud (2006) (henceforth referred
to as BRN) develop a trade model with both firm-level productivity differences and steady-
state productivity growth. They find that introducing an engine of growth into the Melitz
(2003) model makes a big difference. Melitz established that trade liberalization promotes

productivity growth in the short run and makes consumers better off in the long run. In



contrast, assuming the same R&D technology that drives productivity growth in Grossman
and Helpman (1991), BRN find that trade liberalization permanently retards productivity
growth and makes consumers worse off in the long run. Central implications of Melitz (2003)
are reversed.

One drawback of the BRN model is that the steady-state rate of productivity growth is
an increasing function of population size, which implies that larger economies should grow
faster. This "strong scale effect" property is present in all the early R&D-driven endogenous
growth models, including Grossman and Helpman (1991), but is clearly in conflict with
empirical evidence. As Jones (1995a) has pointed out, there have been no upward trends in
the productivity growth rates of the United States, France, Germany or Japan since 1950
in spite of substantial increases in population size and R&D employment.! In response to
the Jones critique, a variety of R&D-driven growth models have been developed that do not
have the strong scale effect property, including Jones (1995b), Kortum (1997), Young (1998),
Segerstrom (1998) and Howitt (1999).

In this paper, we revisit the question: what are the effects of trade liberalization when
there are firm-level productivity differences? We present an improved version of the Melitz
(2003) model with steady-state productivity growth but without the strong scale effect. The
engine of growth is the introduction of new products, which is modelled in the same way as
in Jones (1995b). Although our model is structurally quite similar to BRN (their Grossman-
Helpman version), we find that getting rid of the strong scale effect significantly changes
both the equilibrium and the welfare implications of trade liberalization. For a wide range
of parameter values (not all), trade liberalization promotes productivity growth in the short
run and makes consumers better off in the long run. Trade liberalization never permanently

reduces the productivity growth rate (as BRN found) but for some parameter values, it does

'For example, during the time period 1950-1987, the number of scientists and engineers engaged in R&D
in the US grew from less than 200,000 to almost one million, a more than five-fold increase. The steady-state
productivity growth rate is proportional to the R&D employment level in Grossman and Helpman (1991),
S0 an increase in population size that leads to a five-fold increase in R&D employment should also lead to a
five-fold increase in productivity growth.



make consumers worse off in the long run.

In the model, firms do R&D to develop new products and then learn how costly it is to
produce these new products. Once firms have learned what their marginal costs of production
are, they decide whether or not to incur the one-time fixed costs of entering the local and
foreign markets. The fixed cost of entering the foreign market is assumed to be higher,
consistent with the evidence in Roberts and Tybout (1997ab), Bernard and Jensen (2001)
and Bernard and Wagner (2001) that potential exporters face significant foreign-market entry
costs.

The model has a unique symmetric steady-state equilibrium where firms that develop
new products with high marginal costs of production immediately exit. Firms that develop
new products with intermediate marginal costs incur the fixed cost of entering the local
market and only firms with sufficiently low marginal costs choose to also incur the fixed cost
of entering the foreign market. Consistent with the empirical evidence, many firms do not
export their products and it is the most productive (lowest marginal cost) firms that export
in steady-state equilibrium.

We find that trade liberalization always causes the least productive firms to exit, which
by itself contributes to productivity growth. In addition, trade liberalization induces the
more productive non-exporting firms to incur the fixed cost of entering the foreign market,
increases the expected fixed costs of developing profitable new products and causes a tempo-
rary slowdown in the development of new products. The overall effect of trade liberalization
on productivity growth depends on whether intertemporal knowledge spillovers in R&D are
relatively weak or relatively strong. When these spillovers are relatively weak, then trade lib-
eralization promotes productivity growth in the short run and makes consumers better off in
the long run. However, when these spillovers are relatively strong, then trade liberalization
retards productivity growth in the short run and makes consumers worse off in the long run.
BRN do not allow for any variation in the strength of intertemporal knowledge spillovers in

R&D and implicitly assume that these spillovers are quite strong.



So are intertemporal knowledge spillovers in R&D relatively weak or relatively strong?
We present empirical evidence that points to the first case (relatively weak spillovers) as
being the more relevant one. In particular, we show that the first case occurs whenever the
development of new products becomes more difficult over time.

The rest of the paper is organized as follows: in section 2, the dynamic general equilibrium
trade model is presented and in section 3, it is solved for a unique symmetric steady-state

equilibrium. Section 4 studies the implications of trade liberalization and section 5 concludes.

2 The Model

2.1 Overview of the model

In the model, there are two symmetric economies (or countries), a single primary factor
labor that is inelastically supplied, a single consumption-good sector where there is Dixit-
Stiglitz monopolistic competition and a single innovation sector where firms create knowledge
through R&D.

Each firm’s cost function is linear and involves one-time fixed costs and constant marginal
production costs. To produce, a firm must first develop a new variety and this is done in
the innovation sector. There is a one-time variety-development fixed cost which represents
the sunk cost of developing a new variety. After having incurred this fixed cost, the firm
receives a patent to exclusively produce the new variety and learns the unit labor requirement
associated with its production. The unit labor requirement is drawn from a probability
density function, so different firms have different marginal costs of production.

In addition to the above-mentioned costs, there are also market-entry costs. After having
developed a new variety and learned its unit labor requirement, a firm decides whether or not
to incur the one-time fixed costs of selling the variety in the local and foreign markets. We
think of these market-entry costs as reflecting the costs of adapting the variety to market-

specific standards, regulations and norms. A firm needs to draw a sufficiently low unit labor



requirement to justify entering the local market and an even more favorable draw to justify
entering the foreign market (see Figure 1). Roberts and Tybout (1997a) (for Colombia),
Bernard and Jensen (2001) (for the U.S.) and Bernard and Wagner (2001) (for Germany)
all find that potential exporters face significant foreign-market entry costs.

For firms that incur the one-time foreign-market entry cost and learn how to export, there
are iceberg trade costs associated with shipping their products to the foreign market. The
main focus of this paper is on exploring the steady-state equilibrium and welfare implications
of trade liberalization, that is, a decrease in these iceberg trade costs and/or the costs of
entering foreign markets.

Since the model consists of two trading economies (or countries) that are structurally
symmetric, the choices made by agents in both economies can be understood by focusing on

one of the two economies. This will be done throughout the rest of the paper.

Firm does costly R&D to
develop a new variety

|

Firm learns unit labor requirement a associated
with production of the new variety

Firm immediately
exits with a loss equal
to the cost of
developing the variety

Figure 1.

Firm does costly R&D
to discover knowledge
necessary for
adaptation to local
market conditions

Firm does costly R&D
to discover knowledge
necessary for
adaptation to local and
foreign market
conditions

|

Firm sells variety
to the local market

'

Firm sells variety
to the local and
foreign markets

Description of the model.




2.2 Labor

In each economy, there is a fixed measure of households that provide labor services in ex-
change for wage payments. Each individual member of a household lives forever and is
endowed with one unit of labor which is inelastically supplied. The size of each household,
measured by the number of its members, grows exponentially at the exogenous population
growth rate n > 0. Let L; = Loe™ denote the supply of labor in each economy at time t.
The market for labor is perfectly competitive in each economy. Labor is employed either

in the production of varieties or in the innovation sector doing R&D. Hence
Ly = Lpi+ Ly

where Lp; is the economy-wide amount of labor used to produce varieties and Lp; is the
economy-wide amount of labor used in the innovation sector. Labor is perfectly mobile
within an economy and is paid the common wage rate w per unit of labor supplied. The
wage rate w is the same in both economies by symmetry and we set w = 1, treating labor

as the numeraire.

2.3 Consumption

Households share identical preferences. Each household is modelled as a dynastic family that

maximizes discounted lifetime utility

oo

U= /e_(p_")t In [u,] dt (1)

0

where p > n is the subjective discount rate and u; is the instantaneous utility of an individual

household member at time ¢. The representative consumer has a C.E.S. utility function given
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where z; (w) is the consumer’s quantity consumed of a product w at time ¢ and m¢ is the
number of available varieties in an economy at time ¢ (both domestically produced and
imported varieties). The parameter o measures the degree of product differentiation. We
assume that products are substitutes, which implies that 0 < o < 1 and yields an elasticity
of substitution between any two products of o = ﬁ > 1.

Solving the static optimization problem yields the familiar demand function

2 (W) = 5= Ly (3)

Dy (w)lfg dw

S

where FE; is individual consumer expenditure and p; (w) is the price charged for product w

at time t. Furthermore, if we let

mg 1-0o

P = /pt (w)l_g dw

0

denote the aggregate price index and let ¢; = % be a measure of real consumption expen-
diture, then Dixit and Stiglitz (1977) have shown that u; = ¢;, that is, each consumer’s
instantaneous utility coincides with their real consumption expenditure.

Taking prices and expenditure as given, dynamic optimization yields the usual Euler

equation
— =r;—p. (4)

Individual consumer expenditure E; grows over time if and only if the market interest rate

ry exceeds the subjective discount rate p.



2.4 Innovation

In the innovation sector, firms create knowledge by doing R&D. The unit labor requirement
associated with creating knowledge is by, that is, it takes by, units of labor at time ¢ to create
one unit of knowledge. Individual firms treat b;; as a parameter but it can change over time
due to knowledge spillovers.

Following Jones (1995b), we assume that

1

(mre + Ampy

brs = 7
where ¢ < 1 and A € [0,1] are given R&D parameters, my; and mpg; are the number of
varieties produced in the local and foreign markets, ¢ measures the strength of intertem-
poral knowledge spillovers and A measures the international dimension of spillovers. A = 0
corresponds to no international spillovers and A = 1 corresponds to perfect international
spillovers. We allow for all the inbetween possibilities. Given symmetry, mp; = mp; = my

where m; is the number of varieties produced per economy and hence

5 (5)

The parameter ¢ is a key parameter in the model. We impose the restriction ¢ < 1
to rule out explosive growth, as in Jones (1995b). Nevertheless, ¢ < 1 allows for a wide
range of values for the degree of intertemporal knowledge spillovers. In particular, these
spillovers can be either positive or negative. For ¢ > 0, researchers become more productive
in creating new knowledge as the stock of knowledge measured by m; increases over time.
Researchers experience a "standing on the shoulders" effect. For ¢ < 0, researchers become
less productive in creating new knowledge as the stock of knowledge increases over time.

Researchers experience a "fishing out" effect.?

2Coe and Helpman (1995) argue that knowledge spillovers are related to trade flows; see Keller (2002)
for a critique. We have studied how our model’s properties change when knowledge spillovers depend on the
volume of trade. We find that the results derived in this paper are qualitatively robust to this modification.



To develop a new variety, a firm needs to create F; units of knowledge in the innovation
sector. Thus, the cost of developing a new variety is by [7 at time t. Knowledge creation
is also involved in adapting a variety to market-specific standards, regulations and norms.
To sell a new variety in the local market, a firm needs to create Fj, units of knowledge at
cost by, and to sell a new variety in the foreign market, a firm needs to create Fg units of
knowledge at cost by Fg.

Once a firm has developed a new variety, it learns the unit labor requirement a associated
with its production. The unit labor requirement a is drawn from a probability density
function g (a) with support [0, @] and corresponding cumulative distribution function G (a).
Once drawn, the unit labor requirement of a firm associated with producing a particular
variety does not change over time. We assume that the probability distribution of unit labor

requirements is Pareto, that is,
a a &
Gla) = [g@ia=(%)". acpa
a
0

where k and @ are the shape and scale parameters of the distribution. Melitz (2003) worked
with a general probability distribution of unit labor requirements but the model becomes
considerably more tractable analytically if a Pareto distribution is assumed. The empiri-
cal literature on firm size distribution suggests that a Pareto distribution is a reasonable
approximation (Del Gatto et al, 2006).3

Because of the heterogeneity in unit labor requirements, the model generates three types
of firms: non-producing firms, local firms and exporting firms. Firms that get sufficiently
unfavorable draws choose not to produce, firms that get intermediate draws choose to just

produce for the local market, and firms that get the most favorable draws choose to produce

In particular, the larger is the parameter that determines the size of the spillovers related to trade flows, the
larger is the range of other parameter values for which trade liberalization promotes productivity growth in
the short run.

3Usually the Pareto distribution is defined by P (X > z) = (2/Z)". Substituting a = 1/z and @ = 1/Z
yields G (a) = (a/a)".

10



for both the local and the foreign markets.

For a firm that develops a new variety at time ¢, let ar; denote the unit labor requirement
(or marginal cost) at which the firm is indifferent between incurring the fixed cost b Fp, of
selling in the local market and immediately shutting down production. Similarly, let ap;
denote the unit labor requirement (or marginal cost) at which the firm is indifferent between
selling in the local market only and incurring the additional fixed cost by F'r to export its
variety. We will solve the model for a steady-state equilibrium where the threshold values
ars and ap; satisfy

0<ap <ap <a forall t,

that is, not all firms export (ag; < ar;) and not all firms produce (ap; < @).

2.5 Product markets

Given a draw of a < ar; from the common density function g(a), a firm’s profits from local

sales of variety w are given by

mip (W) = max (pre (w) = a (W) wre ()

where z; (w) is the demand for a locally sold variety w and pr; (w) is the corresponding
price. x; (w) is given by (3) where E; is redefined to measure the economy-wide consumer
expenditure. Since there exists a continuum of firms, each firm chooses a profit-maximizing

price taking aggregate expenditure and other firms’ prices as given. This yields

11



which is the standard markup of price over marginal cost a(w), given that ¢ > 1. By

substituting for the price, profits of a firm selling locally can be written as

l1—0o
o1 o 0w
Thw) =(0-1"""0 (%) E;. (6)
t
Similarly, given a draw a < ag;, additional profits from exports are given by

o (W) = ngt% (pEt (W) = Ta (W) Tp: (W)

where 2 (w) is the foreign demand for the exported variety w and pg; (w) is the price of the
exported variety w. 7 > 1 is an iceberg trade cost such that 7 units must be shipped for one
unit to reach its destination. The corresponding profit-maximizing price from foreign sales

is given by
o

pE (W) = Ta (w) .

Hence, an exporting firm sets a higher price on varieties sold to foreign consumers to com-
pensate for the trade cost. Substituting for the price, the additional profits earned by an

exporting firm are

T =0(c—1)7""67"° (%“:)) - E,, (7)

where § = 7177 is a measure of the free-ness of trade (6 = 0 describes the case of autarky,

whereas 6 = 1 implies free trade).

2.6 Local and Foreign Market Entry

Having solved for the profits that firms earn from selling locally and exporting, we can now
determine when firms choose to enter the local and foreign markets.

For the owners of a firm with marginal cost of production equal to either of the two
threshold values (a = ay, i = L, ), profits m;;(a;)dt are earned during the time interval dt

and the capital gain Vit(al-t)dt is also realized, where Vj;(a;;) is the discounted profit associated

12



with the draw a = a;;. As there is no risk for the owners of a firm once it’s a value is known,

the total return on equity claims must equal the risk-free market interest rate r;, that is
T (az)dt + %t(ait)dt = 7 Vie(ai)dt i=LE.

Solving for V;; yields

Wit(ait)

Vitlay) = 7\/ o 1=L,F.
Tt~ Vie(ar)

Note that, unlike in Melitz (2003), firms face no exogenous death rate. Melitz assumes
a common exogenous death rate for all firms to enable transitions between steady-states
(in response to trade liberalization). We can dispense with this assumption since variety
innovation plays the same role of enabling transitions between steady-states.! However, all
the results in the paper continue to hold when there is a common exogenous death rate for
firms.

Given that the firms with threshold values a;; and ag; are indifferent between entering
and not entering the local and foreign markets respectively, the costs of entering must be

exactly balanced by the benefits of entering:
Vie(ay) = b F; 1=LF.

Substituting into these two equations using the profit flows (6) and (7) yields the local market
entry condition

P

-1 o () B

X = bp Ly, (8)
s — b_ﬁ

4As the number of varieties produced increases over time, the significance of firms that made entry
decisions under the old regime (before trade liberalization) decreases and eventually becomes negligable.
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and the foreign market entry condition

l1-0o
o-1 o (ag:
(O’ - 1) g (%ﬁ) Et B bltFE 9

brt

Tt —

For the model to be consistent with the observation that not all firms export (az; > ag),
we assume that the costs associated with foreign entry are higher than for local entry, that

is, Fg > Fr. With this parameter restriction, (8) and (9) together imply that

1
art Fg \ 71
— = | = 1 1
(03503 <FL¢9) o ( 0)
for all 6 € (0,1). Firms that draw a < ay; choose to enter the local market and firms that

draw a < ag; choose to enter the foreign market as well. Firms that are unlucky and draw

a > ar; choose not to enter either the local or foreign markets.

2.7 Innovation Incentives

Having solved for when firms choose to sell locally and export, we can now work backwards
and determine the incentives to develop new varieties.

We assume that there is free entry by firms into variety innovation. Since any firm can
develop a new variety, the ex-ante expected benefit of developing a new variety must equal

the cost of variety innovation. This can be stated as

art apt

/ ) dG(a) + / ULZIOR S dG(a) = bk
0 Ty — %,Lf 0 Tt = %}%

where G(a) is the Pareto cumulative distribution function from which a potential market
entrant draws a unit labor requirement. Substituting for profits using (6) and (7) and

integrating, free entry ensures that ex-ante expected discounted profits must equal ex-ante

14



expected fixed costs of developing a profitable variety:

(U — 1)071 O‘iUEtAt

Plial ry — %
t t brt
apt

G/Ltal" 9a) da+«9/a1" 9(a) da (12)

= b, F, (11)

where

Ay

G(aLt) G(CLLt)

0

is a weighted average of firms’ productivities and

— 1 G(aEt)
F,=F + Fr + F .
T Gan) T T TP Glan)

Using the properties of the Pareto distribution, F'; can be written as

— k k
F,=F (i) + FL+ Fg <@) . (13)

arg arg

The first term on the right-hand-side of (13) represents the expected cost of innovation,
where @ = (%)k can be seen as the number of attempts needed before a profitable
variety is discovered. F7p is the fixed cost of local market adaptation paid by all producing
firms. The third term is the expected fixed cost associated with adapting a variety to the
foreign market. (Z—i)k = %’53 represents the likelihood of having developed a variety
profitable enough to export, given that local market entry has taken place. Hence, F, is the
ex ante expected fixed cost of developing a profitable variety at time ¢, measured in units of

knowledge created.’

The flow of new varieties is determined by the labor devoted to R&D divided by the

For a firm that has developed a new variety, it is straightforward to show that delaying market entry
is never profit-maximizing. In cases where the costs of market entry fall by waiting, the benefits of market
entry also fall by waiting. If it is profitable for a firm to enter a market, then it wants to do so as soon as
possible. Delaying market entry always "leaves money on the table".

15



labor units required for successful innovation:

my = ——, 14
" bnF (14
where L = Z l7; is the sum of all R&D done by firms in the economy.

This completes the description of the model.

3 Solving the model

In this section, we solve the model for a steady-state equilibrium. A steady-state (or balanced
growth) equilibrium is defined as an equilibrium where all endogenous variables grow at
constant (not necessarily identical) rates over time. Given the model’s symmetric structure,
we restrict attention to symmetric equilibrium outcomes.

Equation (4) implies that the market interest rate r, must be constant over time in any
steady-state equilibrium. It then follows from studying (11) that, as the growth rates of
the endogenous variables P, E;, A;, and by are all constant over time, F, must grow at
a constant rate. But as F}, is a constant, (13) implies that F, cannot grow at a constant
rate unless a;; = ay, and ag, = ap for all t. Hence F, a; and ap are all constants in any
steady-state equilibrium.

Let g = % denote the steady-state rate of innovation. Dividing both sides of (14) by my,

and substituting for by using (5) yields

me L (1+))°

my Fm% —¢

g

Because labor supply L; grows at the constant exogenous rate n and consists of workers

employed in either production or R&D, R&D labor Lj; must grow at the rate n as well. It

16



then follows that ¢ can only be constant over time if

(15)

Equation (15) establishes that the steady-state rate of innovation g is proportional to the
population growth rate n. As in Jones (1995b), the parameter restriction ¢ < 1 is needed to
guarantee that the steady-state rate of innovation is positive and finite (given that there is
positive population growth).

Equation (15) has two important implications. First, it implies that public policy changes
like trade liberalization have no effect on the steady-state rate of productivity growth (note
that 7 or Fir do not appear in the equation). We view this as a virtue of the model because
both total factor productivity and per capita GDP growth rates have been remarkably stable
over time in spite of many public policy changes that one might think would be growth-
promoting. For example, plotting data on per capita GDP (in logs) for the US from 1880 to
1987, Jones (1995a) shows that a simple linear trend fits the data extremely well. Second,
equation (15) implies that the level of per capita income in the long run is an increasing
function of the size of the economy. Jones (2005b) has a lengthy discussion of this "weak
scale effect" property and cites Alcala and Ciccone (2004) as providing the best empirical
support. Controlling for both trade and institutional quality, Alcala and Ciccone (2004) find
that a 10 percent increase in the size of the workforce in the long run is associated with 2.5

percent higher GDP per worker.

6One piece of evidence that is often misinterpreted as going against the weak scale effects prediction is the
negative coefficient on population growth in typical cross-country growth regressions, such as in Mankiw,
Romer and Weil (1992). Other things being equal, countries with higher population growth rates tend
to have lower per capita incomes. This evidence is addressed in Jones (2005b) and his response is worth
quoting: "Recall that the standard interpretation of these regressions is that they are estimating transition
dynamics. The negative coefficient on population growth is interpreted as capturing the dilution of the
investment rate associated with the Solow model. Consider two countries that are identical but for different
population growth rates. The country with the faster population growth rate must equip a larger number
of new workers with the existing capital-labor ratio, effectively diluting the investment rate. The result is
that such an economy has a lower capital-output ratio in steady-state, reducing output per worker along
the balanced growth path. But this same force is also at work in any growth model, including idea-based
models, as was apparent above in Result (1b). The implication is that this cross-country evidence is not
inconsistent with models in which weak scale effects play a role."

17



The R&D technology used in this paper differs from the ones used in BRN (2006), who
study the implications of five alternative R&D technologies. To facilitate comparison with
their paper, we focus on their first model (“the Grossman-Helpman model”) although the
points that we make apply with appropriate modification to their other models as well. BRN
focus on the special case where the intertemporal knowledge spillover parameter ¢ equals
one. The assumption ¢ = 1 implies that the unit labor requirement associated with creating

knowledge is
1

b = (1 + A) g

where " is used to distinguish variables in BRN (2006) from corresponding variables in this

paper. The number of innovated varieties then increases over time according to

~ th(l—l-)\)ﬁlt
mt:T

and the corresponding rate of innovation is given by

-~ m 14+ M)~
gETt:( F )Lft'

Hence, in contrast to this paper, the choice of R&D technology made by BRN implies that
the rate of innovation ¢ is proportional to the R&D employment level L;;. BRN then proceed
to show that the steady-state economic growth rate is also proportional to the level of R&D
employment.

This strong scale effect property is clearly at odds with the available empirical evidence.
Between 1950 and 1993, the number of scientists and engineers engaged in research in the
G-5 countries (France, Germany, Japan, the United Kingdom and the United States) rose by
more than a factor of eight without generating any upward trend in productivity growth rates

(Jones, 2005b). To rule out the strong scale effect, we assume a modified R&D technology

18



where ¢ < 1.7
Returning to the model, we solve next for the steady-state profit rates. We first note
that A; = A for all ¢ according to (12) as the unit labor requirement thresholds a; and ag

are constant in steady-state. To solve for the aggregate price index, we first note that

C
my ar, ag

f%—“=1/p@n*”dw=:/}mef%nu(fgiym4-/}Emff%nmé%ggda

0 0 0

where my, is the number of locally produced varieties, mp; is the number of foreign produced

varieties and c?((fz) is the steady-state density function conditional on entry. Substituting for

prices, the aggregate price index is given by

a:(U“JOmm*a (16)

This implies that the profits earned from selling locally (6) and exporting (7) can be rewritten

as
E
Tt = St<a)—t (17)
E
Toe = Hst(a);t (18)

where s4(a) = % is the Dixit-Stiglitz market share at time ¢.

To solve for a steady-state equilibrium, we need to define the concept of relative R&D

difficulty:
—¢ 1-¢
m m
2 = i = It/t (19)

In (19), m; ® is a measure of absolute R&D difficulty and % is a measure of the size of the

market for each variety. Thus relative R&D difficulty is R&D difficulty relative to the size

"The strong scale effect is present in all first generation R&D-driven endogenous growth models, including
Romer (1991), Segerstrom, Anant and Dinopoulos (1990), Grossman and Helpman (1991) and Aghion and
Howitt (1992).
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of the market. By log-differentiating (19) and using (15), we have that

%:(1—@9—”:0-

Hence, relative R&D difficulty z is constant in steady-state equilibrium.®

Having defined z, we can state concisely the steady-state market entry conditions. From
(4), we note that since the growth rate of consumer expenditure must be constant in any
steady-state equilibrium, the market interest rate must be constant as well, so r; = r for all
t. Taking logs and differentiating (5) with respect to time yields Z—ﬁ = —¢g. Also using (5)

to substitute for by, the local market entry condition (8) can now be written as

LY Frzl
r+ég (14N

The corresponding foreign market entry condition given by (9) is

ap ° E
E L eI,

r+og 91+ N

(21)

where the left-hand-sides of (20) and (21) are associated with the discounted benefits of a
firm having drawn a = ay, or a = ag, while the corresponding right-hand-sides are associated
with the costs of local or foreign market entry.

Using the definition of z and substituting for the aggregate price index P, the unit labor
requirement for knowledge creation b;; and the capital gain term %ﬁ, the free entry into

variety innovation condition (11) can be written concisely as

% . FZLt (22)
r+og  (1+ N

8The concept of relative R&D difficulty was introduced in Segerstrom (1998). It is defined differently in
this paper because the number of varieties increases over time, which decreases the market for each individual
variety.
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This condition governs the steady-state incentives for developing new varieties since the left-
hand-side is associated with the discounted benefits of developing and producing a profitable
variety whereas the right-hand-side is associated with the expected costs of development and
market entry.

Next, we turn to labor markets, which are assumed to be perfectly competitive. The
total workforce used in industry production is given by the sum of the labor producing for
the local market and the labor used to produce goods sold in the foreign market. To produce
a variety that will be sold locally, a firm w needs a(w)x;(w) units of labor. Substituting for

demand and prices using (3) and (16), this corresponds to

a(w)ni(w) = (“ - 1) o)y

g mtAt

To produce the goods that are exported, a firm w needs Ta(w)zg(w) units of labor, which

can be similarly shown to equal

et =0 (“4) g,

o my At

Summing over firms, the production labor of an economy in steady-state amounts to

_“L 9@ ., | g(a)
Lp; = /a(w):ﬁLt(w)th(aL)da + /Ta(w)xEt(w)th(aL)da

where m; represents the total number of varieties produced per country. Substituting for
a(w)z(w), Ta(w)zp(w) and using (12), this simplifies to Lp, = (22) E;. The full employ-

ment condition L; = Lp; + L then implies that
E
Et :Lt—‘—;t _Lft' (23)

Equation (23) has a simple economic interpretation. Aggregate expenditure E; equals ag-
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gregate income, which is given by the sum of aggregate labor income L, and aggregate profit
income %, deducting the wages paid in the innovation sector L;;. To see that aggregate

profit income is %, it suffices to verify that

ar aE

9(a) gla) , B
/WL(a)th(aL)da + /WE(a)th (aL)da =

using (12), (17) and (18).

To solve for the steady-state interest rate r, we use (23) and note that with total labor L,
growing at the rate n, R&D labor L;; and aggregate expenditure F; must grow at the rate
n as well. Thus individual consumer expenditure must be constant over time and equation
(4) implies that the steady-state interest rate is r = p.

The weighted average of firms’ productivities 4A; is constant in steady-state equilibrium
and can be written much more simply. Taking into account that the a’s are drawn from the

Pareto distribution, (12) implies that

We assume that § = ﬁ > 1 to guarantee that A is finite. Then letting T = % and

Q = 0°T'- and substituting using (10), we obtain that

B 1,
A:B_la; (14+9Q). (24)
The variable ) measures the degree of openness and depends on both the fixed and the
variable trade costs (Fg and 7). Given that the inequality in (10) holds and not all firms

export, ) is bounded between zero and one. {2 = 0 corresponds to infinite 7 and/or infinite

o)

7 whereas {2 = 1 corresponds to zero iceberg trade costs (tr=1) and Fg = F.

In steady-state equilibrium, the expected fixed cost of developing a profitable variety F

is constant over time and depends on the degree of openness (). Substituting for A using
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(24) in the the local market entry condition (20) and combining this with the innovation

entry condition (22), F can be explicitly expressed as

F=Fy (%) (1+9Q). (25)

In steady-state equilibrium, aggregate expenditure F; grows over time and we can solve

for the exact path. First, (5), (14) and (19) together imply that

?Z Lt

mg- (26)

It —

Second, (22) can be solved for ££. Substituting these results into (23) and simplifying using

(15), steady-state aggregate expenditure is found to be

E =L (1 + %) . (27)

Free entry ensures that the value of the average producing firm (expected discounted profits)

must equal the expected fixed costs of developing a profitable variety

Bl

byl ————
T ANy

?77’7/274) o FZL;:

0?17 and equation

Hence, the value of all the producing firms in the economy is
(27) states that aggregate expenditure is equal to the sum of labor income and the returns
from the ownership of firms.

All that remains in solving the model is to find steady-state values for ar, ag and z. First,
we combine (10), (13) and (25) to obtain the steady-state cut-off unit labor requirement for

selling locally: 1
__(F(B=1)\*
aL_a(FL(1+Q) . (28)

To guarantee that ap < @, we assume that the fixed cost of entering the local market is
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sufficiently large, in particular, F;, > F; (5 —1). Next ag is determined by using (28) to

substitute for az, in (10). The steady-state cut-off unit labor requirement for exporting is

= 2

Finally, using (25) and (27) to substitute for ' and F; in (22), we obtain steady-state relative

R&D difficulty
L (B-1a+N
BEL(1+Q)[(c—1)p+o0pg+n]

(30)

Using (15), it is easy to verify that z > 0 for all ¢ < 1 since (6 — 1) p + o¢g + n is globally
increasing in ¢ and ¢lim (c—=1)p+0opg+n=(c—1)(p—n)>0. We conclude that the

model has a unique symmetric steady-state equilibrium.

4 Steady-state properties of the model

In this section the steady-state equilibrium implications of trade liberalization are studied.
We suppose that the two trading economies are initially in steady-state equilibrium and that
at some point in time trade liberalization takes place. By trade liberalization, we mean that
Q increases, which can be due to either a decrease in trade costs (7 |) or a decrease in the
knowledge needed to enter foreign markets (Fg ).

First, we focus on the implications of trade liberalization for market entry. From (28),
an increase in {2 implies that ay decreases. A decrease in the cut-off value for local market
entry a; means that fewer firms are willing to incur the fixed cost of local market entry and
sell their product varieties in the local market. From (29), an increase in 2 also causes ag to
increase. An increase in the cut-off value for foreign market entry ag means that more firms
are willing to incur the fixed cost of foreign market entry and sell their product varieties
in the foreign market. Furthermore, it is the least productive (highest marginal cost) local

producers that become non-producers as a result of trade liberalization and it is the most
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productive (lowest marginal cost) non-exporters that become exporters as a result of trade

liberalization. We have established

Theorem 1 Trade liberalization (2 ) causes the least productive firms to exit (ap |) and

induces more firms to become exporters (ag T)

Theorem 1 is the same result as in Melitz (2003) but now it is derived from a model
with steady-state productivity growth. In Melitz (2003), the steady-state equilibrium rate
of productivity growth is zero.

In support of Theorem 1, several studies have established that exposure to trade opens
up new growth opportunities for relatively productive firms. This pattern has been found
in the U.S. by Bernard and Jensen (1999a), in Taiwan by Aw, Chung and Roberts (2000)
and in Colombia, Mexico and Morocco by Clerides, Lach and Tybout (1998). In addition,
the study by Aw, Chung and Roberts (2000) finds that the least productive firms exit as
they are exposed to trade. By considering the direct effect from market share allocation
on sectoral productivity growth, Pavenik (2002) finds that the reallocations following trade
liberalization in Chile had a significant impact on productivity growth in tradable sectors.
In another related study, Bernard and Jensen (1999b) find that market share reallocation
towards more productive exporting firms can explain as much as one fifth of U.S. manufac-
turing productivity growth.

Consider next the steady-state effects of trade liberalization for variety innovation and
R&D behavior. From (15), an increase in §2 has no effect on g = % In the long run,
the growth rate of the number of varieties produced does not change as a result of trade

liberalization. Turning next to the share of labor employed in R&D, substituting into (26)

using (25) and (30) yields
L _ 9
Ly (o—=1)p+opg+n

An increase in €2 has no effects on LL—Itt either. In the long run, trade liberalization has no

effect on the share of labor employed in R&D. However, trade liberalization does affect z.
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Equation (30) implies that an increase in 2 leads to a lower steady-state z. And from (19),
the permanent reduction in z can only occur if m; temporarily grows at lower rates than

the steady-state growth rate g = % =13 Thus trade liberalization leads to a temporary

slowdown in variety innovation. We have established

Theorem 2 Trade liberalization (2 1) has no long-run effect on the growth rate of product
variety (g = %) or the share of labor devoted to RED (LL—I;) However, trade liberalization
(Q 1) does cause a temporary slowdown in variety growth (z |) and a permanent decrease in

the number of varieties produced (my | for all t).

The intuition behind Theorem 2 is as follows. Trade liberalization (through a decrease
in variable and/or fixed trade costs) makes it more profitable for firms to become exporters.
When more firms become exporters, firms on average pay a higher total market entry cost
I since more firms incur the cost of entering the foreign market (F T when Q 7). As a result
of the increase in the expected cost of innovation (including the market entry costs), the
incentives to innovate are reduced and the rate of innovation drops below its steady-state
rate g. One aspect of trade liberalization is that it involves a diversion of resources away
from a growth-promoting activity: the development of new products.

By itself, Theorem 1 suggests that trade liberalization should promote productivity
growth, at least in the short run. Trade liberalization causes the least productive firms
to exit (ar |) and also induces more productive firms to become exporters (ag T). But
Theorem 2 has implications for productivity growth that go in the opposite direction. Trade
liberalization leads more firms to become exporters and this diverts resources away from
product innovation, an activity that contributes to productivity growth. Thus, the overall
effect of trade liberalization on productivity growth is not obvious.

To determine the overall effect of trade liberalization on productivity growth, we need

to measure productivity and solve for how it evolves over time. Since % is real output at

Ey
PL¢

time ¢ and labor is the only factor of production, we use real output per worker as our

measure of productivity. Real output per worker coincides with per capita real consumption

26



in the model and from section 2.3, this measure of productivity also coincides with consumer

By
PyLy¢

instantaneous utility (u; = ¢; = where E; is aggregate expenditure). Thus, the measure

of productivity ¢; is also a measure of consumer welfare.

Substituting for P, using (16) and for f—: using (27), productivity at time ¢ can be written

B (p—n)Fz\ (o1 e AV
ct—<1+ (1+)\)¢>< > )( (A)T T (31)

In the model’s steady-state equilibrium, F, z and A are all constants over time. Thus

as

productivity ¢; grows over time only because the number of varieties m; grows over time.
Using (15), it immediately follows from (31) that
1 mt n

o o—im 0-D1=9) (32)

The steady-state growth rate of productivity 2—3 is proportional to the steady-state rate of
innovation % Just as trade liberalization has no effect on the steady-state rate of innovation
(Theorem 2), it is clear from (32) that trade liberalization has no effect on the steady-state
rate of productivity growth.

Although trade liberalization does not have any long-run growth effects, it does have
level effects on productivity and consumer welfare. To determine the direction of these level
effects, we compare two steady-state equilibrium paths: one associated with an economy
experiencing less restricted trade (€2) and the other associated with an economy experiencing
more restricted trade (2* < Q). To facilitate this comparison of steady-state paths, all
variables associated with the more restricted trade path have the asterisk * attached, so
in particular, ¢; represents per capita real consumption on the steady-state path with less
restricted trade (€2) and ¢} represents per capita real consumption on the steady-state path
with more restricted trade (* < Q). We solve for the ratio ff This ratio is constant over
time since trade liberalization does not affect steady-state productivity growth. If g—z > 1,

then we can conclude that trade liberalization (2* — ) promotes productivity growth in
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the short run and makes consumers better off in the long run. If instead < < 1, then we can
t

conclude that trade liberalization retards productivity growth in the short run and makes

consumers worse off in the long run.

To solve for & first note that Fz = F 2* follows from (25) and (30). Equation (31) then

o
Ct me/A\ N\ o1
c miA* '

Now (24) and (28) together imply that

A (a1 (14Q\F
Ax \a T+ \1+Q

and (19) and (30) together imply that

mt_(i)ﬁ_ 140\ T
mF \z* S \1+Q

Putting these results together yields

L\ (10
cr o\

and % > 1 if and only if 1 + "T_l — ﬁ > 0. This parameter condition simplifies to
t

b< o= ﬁ and thus we have established

implies that

Theorem 3 If ¢ < ¢ = ﬁ, then trade liberalization promotes productivity growth in the
short run and makes consumers better off in the long run (Q >0 = 4> 1). However, if
t

b>¢= ﬁ, then trade liberalization retards productivity growth in the short-run and makes

consumers worse off in the long run (Q > =4 < 1).
t

Theorem 3 is the main result in the paper and it is surprising. BRN found that trade
liberalization permanently retards productivity growth and makes consumers worse off in

the long run. Although our model is structurally quite similar to BRN (their Grossman-
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Helpman version), we find that getting rid of the strong scale effect significantly changes
both the equilibrium and the welfare implications of trade liberalization. For a wide range
of parameter values (¢ < 1/(1+ f3)), trade liberalization promotes productivity growth in
the short run and makes consumers better off in the long run. Only when intertempo-
ral knowledge spillovers in R&D are sufficiently strong (¢ > 1/ (14 )) is this conclusion
reversed.

Different possible effects of trade liberalization are illustrated in Figures 2, 3 and 4.

Inc

transition to
————————————— new steady-state

old steady-state

o))

Figure 2. The effects of trade liberalization: the Melitz (2003) "zero growth" case.
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Figure 3. The effects of trade liberalization: the ¢ < ¢ "low growth" case.
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Figure 4. The

Figure 2 illustrates

an old steady-state with a zero rate of productivity growth. When trade liberalization occurs

(2 1), per capita real consumption ¢; jumps up and then there is gradual convergence to a

new steady-state with

effects of trade liberalization: the ¢ > ¢ "high growth" case.

the Melitz (2003) "zero growth" case. The horizontal line represents

zero productivity growth but higher consumer welfare at each point
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in time ¢. Figure 3 illustrates the ¢ < ¢ "low growth" case. The slightly upward sloping line
represents an old steady-state equilibrium with a low rate of productivity growth. When
trade liberalization occurs (2 T), per capita real consumption ¢; jumps up and then there is
gradual convergence to a new steady-state equilibrium with the same low rate of productivity
growth but higher consumer welfare at each point in time ¢. Figure 4 illustrates the ¢ > ¢
"high growth" case. The significantly upward-sloping line represents an old steady-state
equilibrium with a high rate of productivity growth. When trade liberalization occurs (2 1),
per capita real consumption ¢; jumps down and then there is gradual convergence to a new
steady-state equilibrium with the same high rate of productivity growth but lower consumer
welfare at each point in time ¢.°

The intuition behind Theorem 3 is as follows. When knowledge spillovers are relatively
weak (¢ < ¢) and the steady-state rate of productivity growth g—z given by (32) is relatively
low, then the fact that trade liberalization causes the least productive firms to exit (The-
orem 1) is more important for productivity growth than the fact that trade liberalization
temporarily lowers the variety growth rate g = % (Theorem 2). In the "low growth" case,
trade liberalization promotes productivity growth in the short run and makes consumers
better off in the long run. However, when knowledge spillovers are relatively strong (¢ > ¢)
and the steady-state rate of productivity growt E—Z given by (32) is relatively high, then the
fact that trade liberalization causes the least productive firms to exit (Theorem 1) is less
important for productivity growth than the fact that trade liberalization temporarily lowers
the variety growth rate g = % (Theorem 2). In the "high growth" case, trade liberalization
retards productivity growth in the short run and makes consumers worse off in the long run.

This intuition is helpful for understanding otherwise puzzling results in the earlier litera-
ture. In Melitz (2003), trade liberalization has the first effect of causing the least productive

firms to exit but the second effect of causing a slowdown in variety growth is absent since

9In Figure 4, the reason why real per capita consumption can immediately drop as a result of trade
liberalization is that many firms that had earlier decided not to export under the old trade regime suddenly
decide that they do want to export under the new trade regime. With a sudden surge in the measure of
firms that incur the fixed cost of entering the export market, real per capita consumption can drop.
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there is no variety growth (¢ = 0). Thus the first effect must dominate and Melitz (2003)
finds that trade liberalization unambiguously makes consumers better off in the long run. In
“the Grossman-Helpman model” in BRN (2006), attention is restricted to the special case
where knowledge spillovers are quite strong (¢ = 1 > ¢ = 1/ (1 + 3)). Trade liberalization
causes a permanent decrease in the variety growth rate (¢ |) and because this effect must
eventually dominate the temporary effect on productivity of the least productive firms ex-
iting (ar, |), BRN find that trade liberalization unambiguously makes consumers worse off
in the long run. In our model, the effect of trade liberalization in slowing variety growth is
temporary in nature (Theorem 2) and thus the overall effect of trade liberalization on long
run welfare can go either way (Theorem 3).

So which of the two cases highlighted in Theorem 3 is empirically more relevant? Alter-
natively stated, are intertemporal knowledge spillovers in R&D relatively weak or relatively
strong? To address this issue, it is helpful to solve for the model’s implication for patenting
behavior. Assuming that each new variety is associated with a new patent, the patents-per-

researcher ratio is given by m;/L;. Substituting into (14) using (5) and (25) yields

My _ ((ﬁ—l) <1+A>¢> e
Ly BF(1+Q) v

Since all terms in the bracketed expression are constant over time in a steady-state equilib-
rium and m, increases over time, the patents-per-researcher ratio increases over time if ¢ > 0
and decreases over time if ¢ < 0. The patent statistics shed light on which of these cases is
more relevant. Kortum (1993, 1997) documents a decreasing patents-per-researcher ratio in
a large set of countries. Looking at industry data, Kortum (1993) finds that the patenting
per unit of real R&D ratio has declined in all 20 industries for which data could be obtained.
Also Jones (2005a) finds evidence of an increasing knowledge burden over time that leads
researchers to choose narrower expertise and to compensate for their reduced individual

capacities by working in larger teams. All of this evidence leads us to take seriously the
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possibility that ¢ < 0, in which case R&D spillovers are definitely in the relative weak range
(0 <0< 1/(1+p)). Based on Theorem 3, R&D spillovers are relatively weak whenever

the development of new products becomes more difficult over time.

5 Concluding remarks

This paper explores the implications of trade liberalization when firms are heterogeneous in
terms of productivity and there is R&D-driven productivity growth.

Trade liberalization causes the least productive firms to exit and induces more firms to
become exporters (Theorem 1). By itself, this market share reallocation from less to more
productive firms contributes to productivity growth. But trade liberalization also causes a
temporary slowdown in the development of new products (Theorem 2). When more firms
choose to incur the fixed costs of becoming exporters, the expected costs of developing
profitable new products increase, and it is profit-maximizing for firms to cut back on the
development of new products.

The overall effect of trade liberalization on productivity growth depends on the size of
intertemporal knowledge spillovers in R&D, the extent to which researchers become more
productive in developing new products as the stock of knowledge increases over time (Theo-
rem 3). When these spillovers are relatively weak and the steady-state rate of productivity
growth is relatively low, then trade liberalization promotes productivity growth in the short
run and makes consumers better off in the long run. However, the reverse holds when
knowledge spillovers are relatively strong and the steady-state rate of productivity growth is
relatively high. Then trade liberalization retards productivity growth in the short run and
makes consumers worse off in the long run.

To keep the analysis as streamlined as possible, this paper has focused on the symmetric
country case. It would be interesting to explore how things change when countries differ in

terms of resources or trade policies. Then the analysis becomes more complicated because
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asymmetries in resources or trade policies can produce asymmetric cut-off values for entering
local and foreign markets. We have also restricted attention to the case where all innova-
tions are new product varieties. It would be interesting to explore how the model’s properties
change when firms also do R&D to improve the quality of existing products. Trade liberal-
ization could possibly stimulate firms to devote more resources to new product development

in that case. These are possible directions for future research.
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