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1. Introduction

Several firm-level empirical studies have convincingly argued that the existence of large and persistent productivity and/
or product-quality differences among firms within narrowly defined product categories accounts for observed trade patterns
in monopolistically competitive markets.? These studies have shown that more productive (high-quality product) firms
charge lower (higher) prices and are more likely to enter foreign markets after paying large fixed export costs.

This paper analyzes the long-run effects of trade on growth and welfare in markets exhibiting quality heterogeneity,
market entry costs, and trade costs. We consider a global economy consisting of two structurally identical countries where
new varieties are discovered through resource-using R&D investments. Labor is the only factor of production and grows at a
constant rate. We assume that the productivity of researchers depends positively on domestic and foreign intertemporal
knowledge spillovers as in Rivera-Batiz and Romer (1991), and negatively on market size measured by the number of
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2 See Clerides et al. (1998), Bernard and Jensen (1999), Aw et al. (2000), Schott (2004), Hummels and Skiba (2004), Hummels and Klenow (2005), and
Hallak (2006) among many others.
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consumers buying each product as in Dinopoulos and Segerstrom (1999). These two assumptions deliver fully endogenous
growth which depends on virtually all parameters including those that capture the effects of trade liberalization.?

The R&D process, which uses labor and available knowledge, is stochastic in the sense that a firm must incur an
instantaneous fixed cost in order to draw its product quality from a known distribution.? Therefore, firms discover products
with different quality levels. Each surviving firm faces a unit-elasticdemand curve and competes in a Bertrand fashion against
a competitive fringe of imitators producing a generic low-quality product. As in quality-ladders growth models, firms
optimally charge a limit price, which is proportional to the quality of their products, and drive the competitive fringe out of
the market. Consequently, firms with higher-quality products charge higher prices and enjoy higher markups and profits.
Production of each discovered variety exhibits increasing returns due to an instantaneous fixed cost and a constant marginal
cost. Exporting requires additional costs that take the form of an instantaneous fixed cost and a per-unit trade cost. The model
delivers an endogenous partition of firms which is based on two distinct minimum quality levels: a domestic cutoff quality
level and a higher, export cutoff quality level. Only firms whose product quality exceeds the export cutoff quality level serve
both markets. Firms whose product quality is between the two cutoff quality levels serve only the domestic market. Finally,
firms whose product quality is below the domestic cutoff quality level exit the market.

Having developed a fully endogenous growth model with heterogeneous firms, we then explore the nexus among trade,
long-run growth, and welfare. We analyze the growth effects of three types of trade openness: a move from autarky to
restricted (or free) trade; areduction in trade costs (or ad valorem tariffs); and a decline in fixed export costs. We highlight the
presence of three distinct but interdependent channels that transmit the effects of trade on long-run growth and steady-state
welfare. The first channel consists of the intensity (strength) of international knowledge spillovers. An increase in the latter
improves the productivity of researchers engaged in the discovery of new varieties and accelerates long-run growth. The
second channel captures the effects of expected instantaneous fixed costs on the incentives to innovate. This novel channel is
based on quality uncertainty and is absent from endogenous-growth models with homogeneous (symmetric) firms. Quality
uncertainty implies that firms engaged in R&D activities to discover new products do not know in advance their exporting
status which depends on the quality of their products. Thus entry into the innovation process depends inversely on the level
of expected instantaneous costs required to enter the domestic and foreign markets. These costs in turn depend on the
domestic and export cutoff quality levels which are responsive to trade policies. In contrast, in growth models with
symmetric firms, each firm faces a constant and deterministic instantaneous fixed cost of discovering a new variety which is
not affected by openness. The third channel operates through trade-induced effects on the average global quality level. In
quality-ladders growth models with homogeneous firms and no trade costs the average quality level is an exogenous
parameter, which captures the innovation size, and is not affected by trade liberalization measures. In contrast, the present
model delivers an endogenous global quality level which depends on trade costs, the domestic and export cutoff quality
levels. Trade liberalization policies that raise the average global quality level increase the average limit price, reduce the
demand for surviving products, and the demand for labor in manufacturing. These demand changes induce a resource
movement from production of varieties to R&D activities and generate a pro-growth effect.

The simultaneous presence of these three interdependent mechanisms renders the effects of trade on long-run growth
and welfare ambiguous. This structural ambiguity stems from the fact that the impact of each form of trade openness is
generally transmitted through all channels and creates pro-growth and anti-growth tensions. For instance, a move from
autarky to trade increases the intensity of trade-related knowledge spillovers (a pro-growth effect), has an ambiguous effect
on the average global quality (an ambiguous growth effect), and increases the level of expected instantaneous fixed costs
(an anti-growth effect). Therefore the net growth effect depends on the magnitude of the model’s parameters, and it is in
principle ambiguous. Similar considerations apply to other forms of trade liberalization. In contrast, an increase in the
intensity of trade-related knowledge spillovers, or an increase in the rate of population growth unambiguously raises long-
run growth. Finally, an increase in the subjective discount rate unambiguously reduces long-run growth.

We explore the nature of growth-trade ambiguity by analyzing several special cases. Following the standard practice of
several studies on trade and heterogeneous firms, all special cases assume that quality levels are drawn from a Pareto
distribution. We begin by analyzing a move from autarky to restricted trade. We show that exposure to trade increases long-
run growth under two additional conditions: first, loosely speaking, instantaneous fixed costs are ranked in ascending order
starting with domestic market entry costs, followed by foreign market entry costs, and ending with fixed costs of variety
creation; second, the magnitude of the intensity of trade-related knowledge spillovers is sufficiently large (or equals the
endogenous fraction of traded varieties as in Baldwin and Robert-Nicoud, 2008). We then study the effect of a further
exposure to trade on long-run growth. For example, we show that when firms face identical domestic and foreign market

3 Modern growth theory consists of three distinct approaches. Earlier endogenous growth theory implies that growth can be affected by a variety of
policies, but exhibits the scale-effects property. This counterfactual property implies that positive population growth drives long-run per-capita growth to
infinity. Semi-endogenous growth theory which removes the scale-effects property by incorporating diminishing returns to the stock of knowledge. This
theory predicts that per-capita long-run growth depends positively only on the exogenous rate of population growth. Fully endogenous growth theory which
removes the scale-effects property by assuming constant returns to the stock of knowledge. It implies that policy-related parameters affect the rate of long-
run growth. Ha and Howitt (2007) offer more details on the differences and the empirical implications of these distinct approaches to modern growth theory.

4 The product innovation process is similar to that in Melitz (2003) and Dinopoulos and Unel (2009). However, their models assume firms cannot benefit
from technologies developed by other producers. As a result, the long-run growth rate is zero.
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entry costs; and the intensity of knowledge spillovers equals the endogenous share of traded varieties, a reduction in trade
costs increases long-run growth (see Section 3 for more details).

We also analyze the relationship between trade and steady-state welfare. The latter depends positively on per-capita
consumption expenditure and on long-run growth. Therefore, the trade-welfare relationship inherits the aforementioned
trade-growth indeterminacy. We illustrate the welfare effects of trade liberalization by employing simulation analysis. Our
analysis suggests that trade is welfare improving under the parameter restrictions that resolve the trade-growth ambiguity.
We view this as an optimistic finding. We also establish that the laissez-faire equilibrium is socially suboptimal.

This paper is related to a growing literature that investigates the effects of trade on growth in the presence of
heterogeneous firms. Baldwin and Robert-Nicoud (2008) and Unel (2010) generalize Melitz’s (2003) model by introducing a
growth mechanism which is based on first-generation endogenous growth models. They find that exposure to trade has an
ambiguous effect on long-run growth as in the present model. However, the growth-trade ambiguity in their model can be
traced to different specifications of trade-related knowledge spillovers. In addition, their model generates constant markups,
thanks to Dixit and Stiglitz (1977) preferences, and therefore does not take into account the growth effect of trade
liberalization that operates through changes in the average markup (or the average quality level). Moreover, their model
abstracts from growth effects related to changes in the rate of population growth (as opposed to changes in the level of
population).

Gustafsson and Segerstrom (2010) develop a model of semi-endogenous growth and productivity heterogeneity which
generates constant markups due to the use of Dixit and Stiglitz (1977) preferences. Trade liberalization does not affect long-
run productivity growth. The short-run effects of trade liberalization work through the size of intertemporal knowledge
spillovers. Weak (strong) knowledge spillovers promote (retard) short-run productivity growth and steady-state welfare. In
contrast, our paper highlights the ambiguous long-run effects of trade liberalization that operate through several
mechanisms including intertemporal knowledge spillovers.

In another related study, Haruyama and Zhao (2008) introduce firm-specific productivity heterogeneity in a quality-
ladders growth model. In their model, trade liberalization unambiguously raises the long-run growth rate of total factor
productivity under a scale-sensitive R&D production function. Under a scale-invariant R&D process, their model generates
semi-endogenous long-run growth unaffected by trade liberalization. This paper differs from theirs in several aspects.® The
most notable difference is that in our model growth is generated by variety expansion, whereas in their model it is driven by
anincrease in the average quality of fixed set of goods. Our analysis complements their main finding by establishing that trade
liberalization has an ambiguous effect on the long-run growth.

The rest of the paper is organized as follows. Section 2 introduces the elements of the model and establishes the
uniqueness of the steady-state equilibrium. Section 3 analyzes the long-run effects of trade liberalization. Section 4
investigates the welfare implications of the model, and Section 5 offers some concluding remarks.

2. The model

We consider a global economy consisting of two structurally identical countries. Each country is populated by a
continuum of firms whose products have different quality levels. Labor is the only factor of production and grows at a
constant rate. The creation of new varieties is governed by an R&D process, which is similar to that proposed by Melitz (2003):
the quality level of each discovered variety is drawn from a probability distribution with positive support after each entrant
incurs an instantaneous fixed R&D cost. In addition, each firm faces fixed instantaneous domestic market entry costs, fixed
instantaneous foreign market entry costs, and fixed per-unit trade costs .

2.1. Consumer behavior

The representative household is modeled as a dynastic family whose size grows over time at constant rate n > 0.
Normalizing the initial number of family members to one, the population level at time t is L,=e™. The preferences of the
representative household are given by the following intertemporal utility function:

U=/ e~ P="n y, dt, 1
0

where p—n > 0 denotes the effective discount rate and In u, denotes each consumer’s instantaneous utility function. The
latter is given by the following Cobb-Douglas function over a continuum of goods indexed by w:

MLT
In u = MeIn Mg+ / In {A(a)) qréa))} dow, 2)
0 ¢

where A(w) denotes the time-invariant product quality, q.(w) is the aggregate consumption of brand w, and M., denotes the
mass of varieties available for consumption.

5> Their setup focuses on productivity heterogeneity, whereas the present model highlights quality heterogeneity. Furthermore, it is worth mentioning
that our modeling of the R&D process also differs from theirs.
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The first term of (2) directly captures the individual’s love of varieties and its inclusion into the utility function is necessary
to ensure that consumers demand all available products in the market (i.e., sum of the domestic and foreign products
available for consumption). Growth models based on variety accumulation employ a constant elasticity of substitution (CES)
instantaneous utility function which ensures that the introduction of new varieties does not drive the instantaneous utility
level below zero. In contrast, it is well known that under Cobb-Douglas preferences, per-capita expenditure is divided equally
among all available varieties. Therefore, as the measure of varieties increases, per-capita quantity consumed q;(w)/L; declines
and candrive the term in square brackets in (2) below unity. If this happens, the integral term of (2) becomes negative, and in
the absence of the first term consumers will not demand all goods. Thus, the additional term in the instantaneous utility
constitutes a sufficient condition under which the consumer buys all available varieties.®

The household maximization problem can be solved in two steps. First, each consumer maximizes the instantaneous
utility function (2) subject to the budget constraint fé‘/"‘ pe(@)[qe(w)/Le] dw < E¢, where p(w) is the corresponding price of the
brand and E, is the per-capita consumption expenditure. The solution to this maximization problem yields the following
expression for the market demand for a typical variety:

E:L

pe(w)Mc” 3

qe(w) =
This optimal consumption rule implies that the aggregate demand for a product increases in aggregate consumer expenditure
EL:; and decreases in its own price p:(w) and in the number of all varieties available for consumption M.=Mgy:+ My, where My,
denotes the number of all domestically produced (and consumed) varieties and M,, denotes the measure of imported
varieties. The latter equals the number of exported varieties as well due to the assumption of two identical countries.
Second, the household maximizes (1) subject to the intertemporal budget constraint

geel
/ ei(Rtim)Et dt < Ay,
0

where R,—nt is the effective cumulative discount factor and .4, is the present value of the household wealth. The optimal
spending path is given by the following Euler equation:
Ec M

Ee_Ma _ . 4
B M. @

where r, is the instantaneous interest rate. In our subsequent analysis, we will drop the time index to simplify the notation,
and we will do so when this causes no notational confusion.

2.2. Product markets

There is a continuum of firms, each choosing to produce a different variety. We assume that production of one unit of each
good requires one unit of labor.” Firms wishing to export must incur per-unit trade costs. Iceberg trade costs (such as
transport costs and/or tariffs) are modeled in the standard fashion: 7 > 1 units of output must be produced at home in order
for one unit to arrive at its destination.

The aggregate quantity demanded, which is given by Eq. (2), implies that expenditure per variety is identical across
varieties and independent of product quality. Since the elasticity of demand for each variety is unity, each firm has incentives
to charge an infinite price and produce an infinitesimally small quantity independently of the quality level. To prevent this
from happening, we assume that once a product is consumed in a market, a generic, lower-quality version of the product can
be produced by a competitive fringe. The production of generic products is characterized by constant returns to scale where
one unit of labor produces one unit of output. We assume that the generic version of a product cannot be produced in a
country unless the original product is sold there.2 We normalize the quality level of each generic good to unity independently
of the quality level of the copied product and the location of production.

Since each brand is associated with a unique quality level, hereafter we shall label products based on their quality level. Let
pa(4) and px(4) denote the consumer price prevailing in the domestic and foreign markets respectively, and assume that
competition within each product occurs in a Bertrand fashion. The possibility of costless imitation forces firms to maximize
profits by charging a (limit) price no higher than p,;(4) = px(1) = wi. Because both countries are structurally identical, the
wage rate w is equal across countries and, hereafter, is normalized to unity (i.e., w=1). The price competition drives domestic
and foreign imitators out of the market and ensures that firms with higher-quality products charge higher prices.®

6 The condition max(fy.fx) > 2/(p—n), where f; is the instantaneous fixed costs of home-market entry and f, is instantaneous fixed costs of foreign market
entry, guarantees that consumers buy all available varieties. Section 4 provides more details on the derivation of this condition.

7 This assumption is made to simplify the subsequent analysis. The main results will not change, even if we assume that the unit-cost of producing each
variety increases in its quality level.

8 Alternatively, we can assume technology diffuses instantly across countries: once a product is developed, its low-quality generic version can be
produced by a competitive fringe in any country. The analysis based on this assumption yields qualitatively similar results and is available upon request.

9 Segerstrom et al. (1990) and Grossman and Helpman (1991, chapter 4), for example, provide excellent discussion on how such copying technology can
generate the aforementioned optimal limit-pricing rule.
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Thus consider two firms, say 1 and 2, producing products with quality levels 1, and A,. The limit-pricing rule and (3) yield
qQ(41) _ pila) _ 72

q(42)  pth1) A1’

where we again drop time subscript t to simplify notation. Thus, firms with higher-quality products charge higher prices and

sell lower quantities. However, all firms earn the same revenue p(4)q(4) as in the standard quality-ladders growth model.

Under this limit-pricing rule, an exporting firm’s domestic (home market) and export (foreign market) profit flows 7 (1)
and my (1), respectively, are given by

T4e(2) = [Pa(A)—11qac(A) = 1—2" " EL/Mer, (6)

o)

Texe(2) = [Pu(A)—T1que(2) = 1=12")EL /My, 7

where the quantities demanded by domestic and foreign consumers qg4(4) and g,:(4) are given by (3) and py(1) = px(4) = 4.
These operating profit flows exclude the initial market entry fixed (sunk) costs.

We assume that the probability of default is zero. Therefore the discounted value of operating profits earned in the home
(domestic) and foreign (export) markets (denoted by v, and vy, respectively) are given by

Vie(A) = / e R—Rlm (Ayds, i=dx, ®)
t

where R; is the cumulative interest factor from time O to time t.
Differentiating (8) with respect to time delivers a more intuitive expression that defines the discounted value of profit
flow vj;:

(A +Vie(A) =Tevir(A), i=dx.

The left-hand-side equals the return to equity in a firm with quality level 4: owners of this firm earn the flow of profits n;dt
during the infinitesimal interval of time dt and the capital gain dv = v;.dt. Because there is no risk of default for a surviving
product once its quality is known, the total return to firm’s equity must be equal to the flow of money generated by an equal-
size investment earning the market interest rate r;v;.dt. Solving the above expression for the discounted value of operating
profits yields

Tit(4)
Te—Vie/Vie'

Vie(4) = €]
The discounted value of profits earned by a surviving firm equals the flow of profits ;; discounted by the market interest rate
. minus the growth rate of v;. In the absence of population growth, v; = 0 in the long-run, and (9) yields v;; = m;;(4)/1: as in
Romer (1990). Using the aforementioned notation, observe that a firm serving only the domestic market earns a profit-flow
14:(4) and corresponding discounted profits v4(A) at time t, whereas a firm serving both the domestic and foreign markets
earns a profit flow m4(1)+ 7y (4), and corresponding discounted profits v (1) + vy ().

2.3. Entry and exit decision

The presence of substantial market entry costs has been documented by several empirical studies (e.g., Roberts and
Tybout, 1997; Bernard and Jensen, 2004). In addition, Romer (1994, p. 24) offers the following example for the type of fixed
costs associated with exporting: “One can think, for example, of the information a foreign retailer must collect about quality,
reliability, and capacity of suppliers before it can begin to buy garments assembled in a new country. The retailer would have
to establish new financial relationships for clearing transactions and new shipping and communication links for moving
goods. It would have to learn about the local legal, regulatory, and tax environment and it would have to investigate the
nature of political risk. It would also need to invest in long term implicit and explicit contractual relationships for the trading
relationship to be successful.”

In our model, a firm has to decide whether or not to discover a blueprint and where to sell its product. This decision is based
on three distinct instantaneous sunk costs: R&D costs fe¢, to allow the firm to learn its quality level and create a blueprint;
R&D costs fy¢, tolearn how to produce and sell its product in the domestic market; and additional R&D costs f,¢, to learn how
to sell the good in the foreign market. These three sunk costs can be interpreted as different unit labor requirements since
labor is used as the numeraire (w=1). Individual firms treat these sunk costs as parameters, but they can change over time due
to changes in the size of the market measured by the level of population or due to international knowledge spillovers.

The first component of each type of sunk costs (f., fg, or f) is a fixed parameter as in Melitz (2003). The common component
¢, which governs the evolution of fixed costs over time and delivers fully endogenous growth, is defined as

L
= Aoy
where L, is each country’s labor force. The denominator of (10) captures the effect of the stock of knowledge on the

intertemporal component of sunk costs. The stock of knowledge enhances research productivity and reduces learning costs,
asinRomer (1990) and Rivera-Batiz and Romer (1991).In a trading world, it is reasonable to assume that the discovery of new

(10
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varieties abroad contributes also to the effective local stock of knowledge. For example, local researchers can study the
embodied knowledge in imported goods or the distribution systems that importers build to market and sell their products.
Also, exposure to international trade could increase the number of contracts between domestic and foreign producers, who
could then expand the flow of knowledge between countries (see Grossman and Helpman, 1991; Coe and Helpman, 1995).1°

In what follows, we employ two specifications of intertemporal knowledge spillovers. First, following Gustafsson and
Segerstrom (2010) we assume that the effective stock of knowledge in each economy equals M;; 4+ 60Mfg, where M;, is the
measure of home varieties produced locally and Mg, is the measure of foreign varieties produced abroad. Parameter 0 < [0,1]
measures the strength of foreign knowledge spillovers, i.e., the effective contribution of a foreign variety to the local stock of
knowledge. The absence of foreign knowledge spillovers corresponds to 6 = 0, and the case of perfect international spillovers
corresponds to 0 = 1. Structural symmetry between the two countries implies M;,=Mg= My, where My, is the measure of
varieties produced in each country. Of course, a fraction of locally produced varieties is shipped abroad in the form of exports.
Second, following Baldwin and Robert-Nicoud (2008) we assume that the effective stock of knowledge in each country equals
M +M;, where My is the measure of imported varieties. Again, structural symmetry between the two countries implies that
the measure of imported varieties equals the measure of exported varieties M, = My = {,My;, where {, is the fraction of
traded (imported or exported) varieties. This specification of international spillovers delivers an expression for the
denominator of (10) equal to (1 +{,)Mg. Consequently, the second specification yields an endogenous strength (intensity) of
international knowledge spillovers which equals the fraction of traded varieties and can be affected by trade liberalization
measures.

The function ¢, reveals two competing economic forces that shape the magnitude of instantaneous fixed costs. First, the
numerator of (10) captures the notion that firms in larger markets face higher fixed costs. These fixed costs make the learning process
more difficult and capture the presence of diseconomies of scale. The latter can arise from higher costs of setting up distribution
systems in larger markets; larger advertising expenditures; the spreading of talent and other specialized resources too thin in larger
markets; higher costs associated with coordination failures; and costs associated with the internal flow of information in larger firms.
Following the fully endogenous growth literature, we assume that the difficulty of learning is proportional to the size of each
country’s market measured by its level of population.!! The assumption that ¢, is linear in L, is based on the notion that the stock of
knowledge exhibits constant returns which is consistent with several fully endogenous growth models (see, for instance, Young,
1998; Dinopoulos and Thompson, 1998; Dinopoulos and Segerstrom, 1999; Howitt, 1999).

Each variety is associated with a quality level A, which is randomly drawn from a common distribution g(1), and an associated
cumulative distribution G(Z). Introduction of a new product in each market, however, requires the innovator to pay additional
sunk costs of adapting the variety to the market standards and regulations. Upon developing a new product, the innovator checks
the associated quality level A. If the firm’s quality level is low such that the discounted sum of profits earned from local sales is less
than the domestic market entry cost f;¢,, then the firm exits the market. If the firm’s discounted sum of profits earned from local
sales is greater than f;¢,, then it will bear these once-for-all sunk costs and the associated flow of variable costs in order to enter
successfully the domestic market. If the quality level is high enough to also cover the foreign market entry costs f;¢,, then the
innovator incurs (fy + fx)¢, fixed costs at time t in order to serve both the local and foreign markets. Consequently, unlike Melitz’s
(2003) model where firms incur fixed domestic and export costs in each period of time and face an exogenous probability of
default in each period, in the present model infinitely lived firms face once-and-for-all (instantaneous) fixed costs. These
assumptions are not crucial for our results, but deliver more tractability and follow more closely the endogenous growth theory.

Inspection of (6) and (7) reveals that 74(4) and 7y (A) increase monotonically in the product quality level 1. Consequently, v4
and vy also increase monotonically in A. Furthermore, Eqs. (6) and (7) imply that 7t4(1) = 7x(t) = 0, which in turn ensure that
v4(1) = vx(1) = 0. Thus, among the observed quality levels, there exist two cutoff quality levels 4; and Ay such that

va(da) =fab (1m
Vx(Zx) :ﬁ<¢t- (12)

These equations define the domestic and export cutoff quality levels /4 and A,. We will later impose sufficient and reasonable
conditions to guarantee that the domestic cutoff quality level is strictly less than the export cutoff quality level. Consequently,
firms in each country are partitioned in three distinct groups. Firms that discover products with quality 4 < A; cannot
profitably serve even the local market and exit. Firms that discover intermediate-quality products, such that /4 < 4 < Ay, serve
only the local (domestic) market. Consequently, only firms that discover products with a quality level A, < A serve profitably
the foreign market.

The above considerations imply that the ex-post distribution of surviving product quality levels p(2) is the conditional
distribution of g(4) on the interval [44,00)

g(Ad) .
uiy=1 1-Gag TH

0 otherwise

13)

10°A large empirical literature investigates the nature and magnitude of trade-related technology spillovers. These studies argue that trade is an
important conduit for international technology transfer. Keller (2004) offers an insightful review of this strand of literature.
1 The results of the paper are invariant to measuring the market size by the level of world population 2L, instead of each country’s population level L.
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And the ex-ante probability that one of these successful firms will export is given by

1-G(4)

=—"". 14
=10y (14)
The law of large numbers implies that {, also equals the ex-post fraction of incumbent firms that export. Thus, the measure of
firms that successfully export is My = {,My. Structural symmetry across the two countries implies that the mass of varieties
available for consumption in each market is given by M. = M, + My = (1 +{4)M,. Based on these cutoff quality levels, the value

of a surviving firm with product quality 4 is given by

) va(l) if lg</i</y
VA=Y Y vy if Ay <A (13)

The model generates ex-post quality heterogeneity which delivers heterogeneous limit prices, heterogeneous quantities
produced, heterogeneous markups, and heterogeneous discounted profits according to (15). However, firms are ex-ante
identical and the incentives to create new varieties, which in turn fuel economic growth, are based on ex-ante calculations
that involve a comparison of expected costs to expected discounted benefits. We assume that there is free-entry into the
creation of new varieties which drives the expected discounted profits down to zero. Armed with the product survival
probability density p(4), given by (13), we state the innovation free-entry condition as

[1-Glia)] [ | vy di=fap+ )| =Feo (16)
“d
where the time index has been omitted from functions and variables. If a firm draws a quality level higher than or equal to /4,
it earns a discounted stream of profits v = ff: v(2)u(2) d2 minus the expected instantaneous costs of entering the local and
foreign markets f;¢ +{,fv¢; therefore, the expected discounted benefits of drawing a “winning variety” with quality level
A= J4 and serving the local, or both the local and foreign markets, is given by the left-hand-side of (16). The value of net
expected discounted benefits of producing and marketing a product must be equal the costs of discovering the product, which
is equal to the right-hand-side of (16).
Performing the integration and collecting terms one can rewrite the above free-entry condition (16) as

oo
| vomiy di=Fo, (17)
d
where the left-hand-side of (17) captures the expected discounted benefits of creating a surviving product and the right-
hand-side equals the expected instantaneous fixed costs of discovering a new variety and successfully entering the local and
foreign markets. The term f is the instantaneous component of these fixed costs and is defined by

F=t i (18)

1-G(4q9)

The first term in (18) captures the expected costs to develop a successful variety f, times the inverse of the probability of
drawing a product with quality higher or equal to the production cutoff quality level 14, which equals the expected number of
attempts at developing a surviving product. The second term represents the instantaneous cost of entering the local market.
The third term is the expected instantaneous costs of becoming a successful exporter.

The level of expected instantaneous fixed costs defined in (18) constitutes a novel mechanism which transmits the effects
of trade openness on long-run growth and steady-state welfare. It is obvious from the free-entry condition (17) that higher
expected instantaneous fixed costs f require higher expected discounted profits and therefore reduce the incentives to
innovate. In traditional growth models, where firms do not face ex-post fixed market entry costs, instantaneous fixed costs
are exogenous (e.g., f =f.) and all discovered products are produced and sold in every market. In the presence of fixed
domestic and foreign market entry costs, the ex-ante decision to innovate depends on the expected instantaneous costs f
defined in (18). Because each firmis uncertain about the quality of its product, it has to take into account the probabilities that
it will not be able to survive and exit, serve the domestic market only, and serve both the domestic and foreign markets. These
probabilities depend on the domestic and export cutoff quality levels which are endogenous, and therefore are affected by
trade openness. The level of expected instantaneous costs increases in the expected number of attempts at developing a
successful product [1-G(14)]"' and the probability {, that a firm becomes an exporter and thus incurs additional foreign
market entry costs.

2.4. Evolution of varieties

The economy-wide flow of new varieties is determined as follows. Denote with L, the aggregate (economy-wide) amount
of labor devoted to the discovery of new varieties. The discovery of a surviving single variety requires (1/¢f)dt labor costs,
where dt denotes an infinitesimal interval of time. Therefore, the aggregate flow of varieties produced in each economy is
given by dMy = (L./¢f )dt which can be written as My = L. /¢f . Substituting the value of ¢ from (10) in this expression yields
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the growth rate of varieties

_ My (+0)L

According to Eq. (19), the growth rate of varieties increases in the strength of international knowledge spillovers 0 and in the
number of researchers devoted to innovative R&D L,; and it decreases in the effective expected fixed cost per variety f, defined
by (18), and the R&D difficulty, measured by the level of population L.

A few remarks on the interpretation of (19) and its relation to the rest of the literature are in order. First, Melitz (2003) and
Dinopoulos and Unel (2009) among many others abstract from long-run growth considerations and analyze a long-run
equilibrium where the mass of varieties is constant over time (i.e., y = 0). Second, Romer (1990) and Rivera-Batiz and Romer
(1991) assume that the R&D difficulty is constant over time, i.e., L; = L where L is a parameter. This restriction introduces the
undesirable scale-effects property which renders the long-run growth of varieties infinite in the presence of positive
population growth. Jones (1995a) convincingly shows that the scale-effects property of earlier endogenous growth models is
inconsistent with the time-series evidence from several advanced countries. To remove the scale-effects property from our
model, we assume that the development of a new variety depends on the average stock of knowledge (1 + 0)M, /L;, rather than
the aggregate stock of knowledge (1+0)M,. This specification is similar in spirit to that employed by Lucas (1988), where
economic growth is based on human capital accumulation and each producer benefits from knowledge spillovers captured by
the average human capital. In addition, this specification of R&D difficulty delivers fully endogenous growth and differs from
semi-endogenous growth models. The latter assume that R&D difficulty is proportional to [(1+60)My]'~¥ with <1, and
deliver exogenous long-run growth that depends only on parameter v and the rate of population growth n (Jones, 1995b;
Segerstrom, 1998).

Although the evidence against earlier endogenous growth models is convincing, there is an ongoing debate on the
empirical relevance of semi-endogenous versus fully endogenous growth models. On one hand, Ha and Howitt (2007) argue
that long-run trends in R&D and total factor productivity growth in the US are more supportive of fully endogenous growth
theory than semi-endogenous growth theory. On the other hand, Jones (1995a) observes that the growth rate of per-capita
GDP in the US has been remarkably stable over time during the period 1880-1987. Gustafsson and Segerstrom (2010) argue
that the evidence on the stability of per-capita GDP growth, despite several pro-growth policy changes such as post-war trade
liberalization and globalization, does not support the main predictions of fully endogenous growth theory.!?

2.5. Aggregation and labor markets

The next step of the analysis is to derive the full-employment condition in each country. The assumption of structural
symmetry between the two countries suffices to analyze only the home economy. To this end, we first represent key variables
in a more compact way. The aggregate quantity demanded at home consists of two parts: the demand for domestically
produced goods and the demand for imported goods. The latter equals the demand for exported goods as well. Thus the
aggregate quantity demanded by home consumers can be written as

o oo M,EL MyEL
Q= [ aMatiy di+ [~ quaMath) di = i =+ T, 20)
d Ax MC )Nd MC Ax
where /; (i = d,x) is given by
35N 1 * 7!
Aj :;L.(/L,)— {m(//” A g(;u) d/L:| . (21)

Thus, /4 is the weighted harmonic mean of the quality levels of all produced goods and can be interpreted as the average
domestic quality level. Similarly, / is the weighted harmonic mean of the quality levels of exported varieties and can be
interpreted as the average export quality.

As also noted by Dinopoulos and Unel (2009), since /; is the minimum quality level of all products with A4 € [4;,00), it must
be lower than the average quality level of all products within this quality range, i.e., 4; < /;. Moreover, (18) indicates that an
increase in 4; forces producers with low-quality products to exit the market. This in turn increases the corresponding average
quality level, i.e., 4;. These properties are summarized below.

/1,‘ < Z,’, 6;{,‘/5/11' > 0. fOI' i= d.X. (22)

We assume that labor markets are perfectly competitive, and therefore labor is fully employed in each instant in time. The
aggregate supply of labor is L, whereas the aggregate demand for labor comes from fixed costs associated with different R&D
activities and manufacturing of final consumption goods. Labor devoted to effective R&D, which includes instantaneous fixed
market entry costs, is given by L. = yfL/(1+0) (see Eq. (19)). The demand for labor employed in manufacturing is derived as
follows. One unit of labor produces one unit of output. Consequently, each surviving firm serving its local market hires q(1)

12 We also analyzed a semi-endogenous growth version of our paper and found that exposure to trade does not affect the long-run growth rate, but has
an ambiguous level effect on welfare. These results are qualitatively similar to those in Gustafsson and Segerstrom (2010), and are available upon request.
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workers; and each firm serving the export market hires tq(41) workers (in order to deliver q(1) units abroad), where
q(2) =EL/AM. is the quantity demanded. Therefore the aggregate quantity of labor demanded in each country is given by
MyEL _MyEL EL

L:/w M. “du/wr DMypu(l) dj = dEE VxR ER 23
=/ q(ADMgu(2) /. q(AHMgu(4) dA M.}, Mczx 5 (23)

where / is the (distance-adjusted) weighted average quality of all products competing in each market, and it is given by

-1
A= {Mi[Mdi; 1 +Mx(r”ix)*1]} =1+l + GG 07T (24)

where {,, defined by (14), is the ex-post fraction of varieties exported (and imported). In view of (23), the full-employment of
labor condition L.+L,=L can be written as

where f and / are defined by (18) and (24), respectively.

The average global quality level 4 constitutes another mechanism that carries the effects of trade on long-run growth. One
caninterpret / as the effective quality level measured in units of labor of a representative firm which serves the home country.
This firm produces M, varieties at home, employing one unit of labor per unit of output, and M, varieties in the foreign
country, employing T > 1 units of labor per unit of output. Thus, for any given level of trade costs and per-capita consumption
expenditure, an increase in the average global quality level allows this firm to charge a higher price, and therefore reduce the
quantity produced and the demand for manufacturing labor. It is obvious from (25) that a ceteris-paribus increase in 4 lowers
the fraction of labor devoted to manufacturing of final goods L, /L =E/ J. and thus raises the fraction of labor engaged in R&D
L./L. Consequently, for any level of per-capita consumption expenditure and expected instantaneous fixed costs, an increase
(decline) in the average global quality level generates a pro-growth (anti-growth) effect. In traditional quality-ladders growth
models a similar resource-reallocation effect operates through changes in per-capita consumption expenditure because the
global quality level is an exogenous parameter which equals the size of innovations. In contrast, the present model delivers an
endogenous average quality level which depends on the two cutoff quality levels and the level of trade costs.

2.6. Steady-state equilibrium

This section describes the basic properties of steady-state (balanced-growth) equilibrium, where all endogenous variables
grow at constant, but not necessary equal, rates over time. We start by requiring that the steady-state variety growth rate
y = My4/My must be constant over time. In addition, observe that the fraction ¢, = [1—G(/x)]/[1—G(Jq)], which is the share of
exported varieties, must be constant over time. Otherwise the economy ends up with all varieties exported or no trade. These
two requirements imply that the steady-state growth rates of exported and consumed varieties are constant over time, i.e.,
M¢/M. = My/Mj = 7. They also imply that the following variables are constant over time: the two cutoff quality levels Z; and
Jx; the average quality levels /4,44, and Z; and the expected instantaneous fixed cost f. Taking all these considerations into
account, observe that the full employment condition (25) implies that per-capita expenditure must be constant over time.

Since the cutoff quality levels /4 and J, are time invariant, one can derive the following steady-state expressions'> for
discounted profits earned by a surviving firm producing a product of quality A:

ma(2)  (1—A"EL

V= = M

(26)

() (1-tA )EL
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where the profit flows 74 and 7, defined by (6) and (7) were substituted as well. Substituting (26) and (27) into the zero-profit
conditions (11) and (12), respectively, and dividing the two resulting equations yields

Vx(4) = ' 27)

I — 28
T -2/ “
Eq. (28) shows the exporting cutoff quality level 1, as a function of the domestic cutoff quality level 4; and the model’s
parameters. Several remarks are in order. First, the denominator of (28) must be non-negative, and therefore we must have
that 24 € (1,k), where k=1/[1—f,/f,]. Second, according to (28), / is an increasing function of the domestic cutoff quality level
Aq the variable trade costs 7 and the ratio of overhead fixed costs f,/f;. Finally, (28) indicates that when f; > f; and 7 > 1, the
export cutoff quality level A is strictly greater than the domestic cutoff quality level ;.

13 Substituting (10) into (11) and (12), and differentiating the resulting expression with respect to time yields v;/v; = n—y. In addition, Eq. (4) implies
. = p—7, since per-capita expenditure is time invariant. Inserting these two expressions in the denominator of (9) yields (26) and (27).
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The next step is to solve for the steady-state value of the domestic cutoff quality level. The innovation free-entry condition
(17) can be written as

1

-Gy 5 Vd(A)g())d/1+

=gy . s di=To, 29)

and can further be expressed as'4
de(/ldvl)_Ff;CH(/leT) :fev (30)

where H(/;,«) (for i=d,x and o = 1,71, respectively) is defined as follows:

~—1
1—04;
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Egs. (28) and (30) constitute a system of two equations in two unknowns, the cutoff quality levels A; and A.. The function
H(2;,) is strictly decreasing in A;.!° In addition, J is an increasing function of 1,4, and therefore these two equations yield a

unique solution for (44,4x). The following proposition summarizes these results.

Proposition 1. Let k=1/(1—f4/fy), and assume that f, > f; > 0. In the steady-state equilibrium, there exist unique and time-
invariant domestic and export cutoff levels 14 and A, which satisfy Eqs. (28) and (30) such that /.4 > 1,14 > 7, and 1x > A4.

Having determined the steady-state values of domestic and export cutoff levels, one can easily determine the values of
several endogenous variables. Eq. (14) pins down the time-invariant endogenous fraction of traded varieties {,. Another
variable of interest is the market profitability. Using the profit flows (6) and (7), one can write the aggregate profits of all
surviving firms in each country as

= A Ta(OMap(i) di+ /) T(OMapt(Z) di. = (1—1 HEL, (32)
J 4d JIx
where / is given by (24). It follows from (32) that market profitability can be measured by the average markup 1 7171 , which
is time-invariant and increasing in 1.1

In Melitz (2003) and Dinopoulos and Unel (2009), the absence of economic growth and consumer savings implies that, in
the steady-state equilibrium, aggregate profits finance R&D investment, and therefore, per-capita expenditure equals the
wage of labor, i.e., E=w=1. In the present model, consumers save, the market interest rate depends on endogenous growth
(r = p—7), and therefore per-capita expenditure can be written as'’

-7 (33)
A+0)1-1")

Per-capita consumption expenditure E increases in the effective discount rate p—n and the expected innovation costs f; and
decre]ases in the intensity of international knowledge spillovers 6§ and market profitability measured by the average markup

1-1
3. Global growth and trade

Substituting (33) into the full employment condition (25) delivers the following expression for long-run growth:
f -1

This equation identifies four distinct determinants of long-run growth. First, growth increases in the intensity of international
knowledge spillovers 0. For instance, a move from autarky to restricted case implies that the intensity of knowledge spillovers
increases from zero to a positive value 0; and in the case 0 = {,, trade liberalization increases the measure of traded varieties
and the intensity of international knowledge spillovers. In both cases long-run growth accelerates due to the higher
productivity of R&D researchers. Second, growth decreases in the effective discount rate p—n > 0, because a higher discount
rate decreases the benefits of variety creation by lowering the level of expected discounted profits. Third, an increase in the
expected instantaneous fixed costs f reduces growth by increasing the costs of variety creation. Finally, for any given levels of

14 Substituting (26) and (27) (evaluated at the cutoff quality levels) into (11) and (12), respectively, yields EL/M. = (p—n)fy¢/[1 7/151] and
EL/M. = (pfn)fxqﬁ/[lfr).;l} Inserting these expressions back into (26) and (27), and the resulting expressions into (29), yields (30).

15 See Appendix for details on the properties of H(1,x).

16 To see that the average markupis 1—/4 , notice that each incumbent firm’s domestic markup (measured by the price marginal-cost margin) is given
by (p—1)/p=1— /1. Integrating over all such ﬁlms yields that the average domestic markup (denoted by pcmy) is equal to 1— )d .Since an exporter mculs a
marginal cost 1, it earns a price marginal-cost margin (p—7)/p = 1—-7A~". Hence, the average export markup (denoted by pcm, ) is equal to pcm, = 1— i,
follows that the average markup is [Mgpcmy +Mypcm,]/[Mq+M=1-1"

17 The free-entry innovation condition (17) implies that aggregate discounted profits must equal to aggregate instantaneous innovation costs:
IT/(p—n) = Myf ¢. Substituting (32) and (10) into this equation yields (33).
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f.0, and E, a rise in the average global quality level / raises long-run growth: an increase in /4 increases per-capita resources
devoted to R&D by lowering per-capita labor allocated in manufacturing E//.

We now analyze the long-run growth effects of trade. To this end, we start with addressing the general-equilibrium effects of a
move from autarky to (restricted or free) trade. As the level of trade costs approaches infinity (i.e., T — co), the domestic cutoff

quality level approaches its closed-economy value 1’3 and its value is determined by de()LQ,l) = f.. A comparison between

f4H(2A,1) = £, and Eq. (30) reveals that the autarkic cutoff quality level )4} is strictly less than the open-economy domestic cutoff
quality level 4,4. In other words, trade increases the average domestic quality level by forcing the firms producing low-quality
products to exit. This is the pro-competitive effect of trade and the economic intuition behind this result is the following.
Exposure to trade provides new profit opportunities to exporting firms that manufacture high-quality products. These firms
demand more labor in order to produce more units and serve the foreign market. The increased demand for labor induces a
reallocation of resources from production of lower-quality products towards production of high-quality products. To see this
note that any given aggregate supply of labor can sustain more higher-quality products, because for any level of expenditure, a
firm with a higher-quality product charges a higher price, produces less output, and employs less labor than a firm with a lower-
quality product (see Eq. (5)). This reallocation of labor reduces the demand for each product as the aggregate expenditure EL is

spread among more varieties available for consumption. Thus, the net discounted profits of the firm with product quality level /1’(}‘
become negative. As a result, a higher cutoff quality level (higher price) is required to restore the break-even condition (11). A
higher domestic cutoff quality level corresponds to a higher average domestic quality level 2’3.

Next, consider the effect of a move from autarky to restricted trade on the average global quality level /. Setting {, =0 in

Eq. (24) yields the average autarkic quality level 1 = 12. Inspection of Eq. (24) indicates that the ranking between the average

global quality level / and average autarkic quality level 22 isambiguous because it depends on the level of variable trade costs
7 and the fraction of traded varieties {,. A move from autarky to trade increases the component of the average global quality
level that depends on the average domestic quality level but reduces the trade-related component of global quality by
introducing trade costs. Since the average global markup is an increasing function of 1, a move from autarky to trade has an
ambiguous impact on the average markup.'®

Setting {, =0, Eqgs. (18) and (24) deliverfA =fe+fp/[1-G(%y)]. As a result, the closed-economy growth rate is given by

1 —n
Y=o fA . (35)
f /Ld—l
Subtracting this equation from (34) yields
1+60 1 1 1
y=7" = ——_A} 5= |- (36)
f o F /=1 -1

Because the expected instantaneous fixed costs of variety creation under trade exceed the corresponding costs under autarky

(thatis, f >fA), the sign of the first term on the right-hand-side of (36) is ambiguous. In addition, since exposure to trade has
an ambiguous effect on the global average quality level, the sign of the second term on the right-hand-side is also ambiguous.
Thus, a move from autarky to trade has an ambiguous impact on long-run growth.

The model is also well suited to address the growth effects of further exposure to trade (i.e., a reduction in 7 or f;). Indeed,
Eqgs. (28) and (30) have identical forms with Egs. (9) and (17) in Dinopoulos and Unel (2009) who demonstrate that a
reduction in trade costs increases the domestic cutoff quality level 14, decreases the export cutoff quality level Ay, and
consequently, increases the share of exported varieties . Thus, further exposure to trade has an ambiguous effect on the
average global quality level / (see (24)).'° Eq. (18) indicates that a reduction in variable trade costs 7 increases the expected
instantaneous costs f. However, a reduction in foreign market entry costs f, has an ambiguous effect on the expected
instantaneous costs f, because while f,/[1—G(/4)] and {, increase, f, decreases.

Eq. (34) reveals that long-run growth increases in the intensity of trade-related knowledge spillovers 0 and decreases in
the effective discount rate p—n.20 Combined with Proposition 1 and the above discussion, we can now state the effects of
trade openness on long-run growth.

Proposition 2. A move from autarky to (restricted) trade or further exposure to trade, captured by a reduction in variable trade
costs (t |) or a reduction in foreign market entry costs (f; | ), has an ambiguous effect on the average global quality /. and long-run
growth rate y. Furthermore, long-run growth y increases in the intensity of trade-related knowledge spillovers 0, and decreases in
the effective discount rate p—n.

18 Results in Harrison (1994) support this finding. Using plant-level data from Cote d’Ivoire, she finds that markups, measured as profits over sales,
increased in five out of nine sectors and fell in the rest following the 1985 trade liberalization reform (see Table 5 in Harrison, 1994).

19 Using (22) together with dZ4/dt <0,d%¢/df, <0,d/x/dT >0, and diy/dt>0 implies that di;l /dt > O,digl/dfx > O,d[CXZ;l]/dr <0 and
d[cjxi; 1/df, <0. Thus, it follows from Eq. (24) that the signs of d/dt and dJ /df, are ambiguous.

20 The equilibrium values of /4,4y, and f are independent of § and p—n.
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3.1. The anatomy of growth ambiguities

Proposition 2 reveals the complex relationship between trade openness and long-run growth. The complexity arises from
the presence of trade costs and the endogenous distribution of quality levels. This subsection takes a closer look at the sources
of the ambiguity between trade and growth by analyzing several special cases. Each of these cases is based on sensible
parameter restrictions in an effort to resolve the ambiguous relationship between trade and growth and unveil the relevant
economic intuition.

Following the literature on trade with heterogeneous firms, all special cases assume that the quality levels are drawn from
a Pareto distribution with shape parameter x:

G)=1-27", (37)

where the lower bound of this distribution is normalized to one without loss of generality. The Pareto distribution has a finite
variance when k > 2, and we assume this condition is satisfied. This distribution function has a nice property that
Zi/}v,- =(k+1)/k, for i=dx. In other words, the average quality level for domestically produced (exported) products is
proportional and greater than the domestic (export) cutoff quality level.

Case 1: fe+fq = fx = f3; 0 = (. We begin by analyzing the growth effects of a move from autarky to (restricted) trade under
two additional assumptions: the domestic market entry cost is less than the foreign market entry cost, which in turn cannot
exceed the sum of fixed R&D and domestic market entry costs; and the intensity of trade-related knowledge spillovers equals
the share of traded varieties. The latter assumption has been adopted by Coe and Helpman (1995) and Baldwin and Robert-
Nicoud (2008) among others. Using (37), the average global quality / is given by

. 1 51 s (1+804q
={—( Cel = Txfd
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where the last inequality follows from (28) under the assumption f; > f,;. Since A4 > /13 and 1 > 1, it follows that the sign of the
bracket in front of term (p—n) in Eq. (36) is negative. In words, a move from autarky to trade results in a higher average quality
level and a re/aqllocation of per-capita labor from manufacturing of final-consumption goods to R&D investment. Thus, if
(1+0)/f >1/f , then a move from autarky to trade is pro-growth. This last condition further implies that

f feiz:+fd+cxﬁ<>1+€[ fx }

> Zd, (38)
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where the second inequality follows from 44 > 2’3. Assumptions 0 =, and f, +f; > fx (recall that /12 >1and K > 1) guarantee
that the above inequality holds and therefore the first term on the right-hand-side of Eq. (36) is positive.?!

Thus, under these restrictions, a move from autarky to restricted (or free trade) accelerates long-run growth. We offer the
following economic intuition behind this novel result. First, consider the effects of trade openness on the average global
quality level. On the one hand, trade expands the size of the market and intensifies the resource competition among firms. As
a result, inefficient firms producing low-quality products exit the market. This pro-competitive trade effect increases the
average global quality level and raises long-run growth. On the other hand, the presence of variable trade costs dampens
the pro-growth impact of trade. When f, > f;, the pro-competitive effect dominates the trade-cost effect and increases the
average global quality. Notice that if f,=f; in Eq. (28), then 714/ = 1 and Eq. (38) yields 1 = /4. This means that the two
aforementioned effects balance each other and a move from autarky to trade does not affect the average global quality level.

Second, consider the effect of trade on instantaneous fixed costs and on trade-related knowledge spillovers. Again, a move
from autarky to trade generates pro-growth and anti-growth tensions. The former is related to the presence of knowledge
spillovers whose higher intensity increases the productivity of R&D workers and accelerates growth. The latter is associated
with the introduction of foreign market entry fixed costs that absorb resources from R&D and dampen the pro-growth effect
of trade. Assumptions 0 = {, and f. +f; > f; guarantee that the beneficial effects of knowledge spillovers exceed the resource
cost generated by higher instantaneous fixed costs. Thus a move from autarky to trade increases long-run growth.

We now investigate the nature of the ambiguity associated with further exposure to trade on growth captured by a
reduction in trade costs 7 or a reduction in fixed export costs f,. We maintain the assumption that quality levels are drawn
from the Pareto distribution and analyze the following two special cases.

Case 2: fy =f;=f:0={,.This case highlights the pro-growth effects of a marginal reduction in variable trade costs 7, under
the assumption that each firm faces identical domestic and foreign market entry costs and the assumption that the intensity
of trade-related knowledge spillovers equals the endogenous share of traded varieties. Eq. (28) implies that 1, = t14. Inserting
this expression in ;1,-/)“,» =(1+x)/x yields Jx = T/4. Furthermore, Eqs. (14) and (37) generate {, = t—*. This means that a
reduction in variable trade costs increases the intensity of trade-related knowledge spillovers. In addition, the average global
quality / is given by

/:sz.d=(1+K);Ld/K.

21 This result still holds even if we assume that 0 is proportional to the trade volume (normalized by the total output)as in Unel (2010). To see this, notice
that 6 = (Import+Export)/Output = 2Ry /R = 2{, /(1+{) > {, Where Ry is the revenue obtained from the sales in foreign market.
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Eq. (30) implies that

(A+tf
(I+r)fe

Inspection of Eq. (39) implies that a reduction in trade cost 7 increases the domestic cutoff quality level A,.

The analysis so far indicates that a marginal reduction in variable trade costs increases the intensity of knowledge
spillovers and the average global quality level. Both effects are beneficial to long-run growth: the former increases directly the
productivity of R&D researchers engaged in discovering new varieties; and the latter shifts resources from manufacturing to
R&D activities. The expected instantaneous fixed cost is given by

(1 +T Y HCa, 1) = fo [f=> 75 (a—1) = (39)

i VK —Ky __ —K 1
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where the second equality follows from (39). Substituting 6 = {, together with 1 = (1+x)24/x and f from (40) into (34) yields
1+&_ p—n _ 1 p—n
f i1 f[l +m} l+h)“d 1

’)}:

where /; is determined by (39). Thus, trade liberalization, measured by a reduction in variable trade costs 7, accelerates long-run
growth. Observe also that, in this case, an R&D subsidy that lowers the fixed costs of variety creation f, increases the domestic
cutoff quality level and accelerates long-run economic growth. Consequently when firms face identical (or very similar) domestic
market and foreign market entry costs, lower variable trade costs and R&D subsidies stimulate long-run growth.

Case 3: f; = 0. The assumption that firms do not face any domestic market entry costs allows us to explore the growth effects of
areduction in foreign market entry costs f,. We maintain the assumption that the intensity of trade-related knowledge spillovers is
exogenous and modeled by parameter 0. The zero-profit condition (11) implies that the domestic quality cutoff level is equal to
unity (Aq = 1), and therefore the average domestic quality level is given by /4 = (1 +x)/x. Thus both 24 and 1 are independent of
foreign market entry costs f,. The export cutoff quality level is still given by Eq. (27). The expected instantaneous costs equal
f =fe+{fy and the share of traded varieties is {, = A, *. Using (27) in the free-entry condition (17) yields

1+1, " A+rf.

= 41
1-1/;" fx 41)

which determines the unique equilibrium value of the export quality cutoff level /. Differentiating this equation with respect to f,
and t yields that further exposure to trade decreases the export cutoff level /, i.e., d/x/df, >0 and d/./dz > 0.

The assumption that the quality levels are drawn from a Pareto distribution implies that {, = 4, . Thus a reduction in f, increases
the share of traded varieties.?> What about the effect of f, on f? Differentiating f = f, 4 {,fx = fo + 4, “fx with respect to f, yields

ﬂ e= fr diy i fx(f_l;tx“‘;»;x) (42)

dfy T xdfy T A+0Fe+fii )
where ¢ is the elasticity of the export quality cutoff level with respect to the fixed cost f, and d /. /df , > 0 is obtained from (41). Note
that ¢ > 0 because d/,/df, > 0.

In addition to the change in expected instantaneous fixed costs, a decline in f, changes the average global quality level /.
The latter is given by

14+2.°
1+r/fl K

=7 (1-xke),

R

Differentiating this equation with respect to f, yields the following expression:

1dl ot A+0)th " +1h T —xc| dig
J.dfy A+ +t2 7% | dfy

A decline in foreign market entry costs affects long-run growth through its impact on the expected instantaneous fixed costs,
which is captured by (42), and its effect on the average global quality level, which is captured by (43). Sufficiently high values of
trade costs and low values of the right-hand-side of (41) imply a high value of the export cutoff quality level and x¢ > 1. Thus, a
reduction in fixed export costs increases the expected instantaneous costs, i.e., df /df, < 0.In addition, using (41) ensures that the
numerator of the expression in the bracket of (43) is positive when f, > f. Since d//df, > 0, it follows that a reduction in f,
decreases the average quality /, and hence shifts resources from R&D activities to manufacturing of final goods. Consequently,
trade liberalization that takes the form of a marginal reduction in foreign market entry costs decreases global long-run growth.

Starting at an initial high-level of protection, a reduction in fixed export costs causes a large decline in the export cutoff
quality level. This in turn increases the level of expected instantaneous fixed costs of variety creation and reduces the average

(43)

22 The qualitative results in this section remain mostly the same, if instead one considers a reduction in trade costs . For the sake of brevity, we do not
report this straightforward exercise here, but the results are available upon request.
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global quality level. Both effects reduce long-run growth: the former reduces the productivity of R&D workers and the latter
shifts resources from R&D investment to manufacturing of varieties. Of course, as in the previous case, the assumption that
the intensity of trade-related spillovers is endogenous and increases with trade liberalization measures introduces a pro-
growth effect that, in principle, can reverse this result.

Finally, consider the very special case where in addition to f;=0, each firm faces identical R&D and foreign market entry
costs, i.e., fo=fy= f. In this case, a simultaneous reduction in both components of instantaneous fixed costs accelerates long-run
growth. To see this, observe that Eq. (41) implies that A, (and therefore {, and /) are independent of f. Therefore, a reduction in
freduces the level of expected instantaneous fixed costs f = f +{fy = f(1+ 4, ") without affecting the average global quality
level. Lower instantaneous fixed costs deliver higher long-run growth.

3.2. Related studies

The result that exposure to trade has an ambiguous effect on long-run growth is similar to that in Baldwin and Robert-
Nicoud (2008) and Unel (2010). However, there are two important differences between our result and theirs. First, long-run
growth in their model is subject to the scale-effects critique of Jones (1995a). Second, in their model the ambiguous
relationship between trade liberalization and growth stems solely from the effect of trade on the intensity of trade-related
spillovers. In the absence of the latter (i.e., if § = 0), these models predict that trade openness unambiguously reduces long-
run growth. In contrast, our model highlights that, even in the absence of technology diffusion through trade, exposure to
trade has an ambiguous effect on long-run growth. This indeterminacy is generated by the presence of limit-price strategies,
Cobb-Douglas preferences, and an endogenous distribution of quality levels and markups.

The ambiguous long-run growth effect of trade liberalization is absent from the semi-endogenous growth model with
heterogeneous firms proposed by Gustafsson and Segerstrom (2010), where long-run growth depends positively only on the
rate of population growth and a parameter measuring the intensity of intertemporal knowledge spillovers. Trade
liberalization does not affect long-run productivity growth in their model. In the short run, the growth effects of trade
liberalization depend on the size of intertemporal knowledge spillovers. When the size of these spillovers is weak (strong)
trade liberalization promotes (retards) productivity growth and steady-state welfare. Our model predicts that a higher rate of
population growth promotes long-run growth as in Gustafsson and Segerstrom (2010): an increase in the rate of population
growth lowers the effective discount rate p—n, reduces per-capita consumption expenditure and shifts resources from
manufacturing towards R&D investment. However, unlike Gustafsson and Segerstrom (2010), our model allows us to analyze
the long-run effects of trade openness on economic growth. Trade liberalization has an ambiguous effect on long-run growth
which depends on a variety of channels (as opposed to only the size of intertemporal knowledge spillovers) that are not
present in their model. Ceteris paribus, our model predicts a positive relationship between long-run growth and the size of
intertemporal knowledge spillovers.

Finally, our results complement those in Haruyama and Zhao (2008) who develop first generation and semi-endogenous
quality ladders growth models with heterogeneous firms. In their model endogenous growth is based on continual quality
improvements (as opposed to variety expansion) and productivity heterogeneity. Firms employ limit-price strategies that
generate endogenous markups as in our model. They find that trade liberalization increases average markups and the share of
labor used in R&D. According to their R&D specification that delivers endogenous growth, trade liberalization unambiguously
raises long-run growth. However, when the model is modified to remove the scale-effect property, they find that the rate of
technical progress is independent of trade liberalization—the long-run growth rate in their semi endogenous growth model is
driven by the rate of population growth as in Gustafsson and Segerstrom (2010). In contrast, the present paper present a fully
endogenous growth model in which the trade openness can raise or reduce the global quality level and the instantaneous
fixed R&D cost. This in turn delivers an ambiguous effect on the long-run growth rate.

4. Welfare analysis

We now analyze the welfare properties of the model. We would like to address two important questions. First, what is the
dynamic effect of trade liberalization on consumer welfare? Second, is the market resource allocation socially optimal?
Following the relevant literature, we measure welfare by the instantaneous utility function of the representative consumer.
Since p(4) = 4, Eq. (3) implies that the corresponding per-capita demand is given by 1q(1)/L = E/M_.. Inserting this expression
into the utility function defined by Eq. (2) and performing the integration yields

In u = M¢In(E). (44)

Observe that utility of a typical consumer depends positively on the mass of varieties consumed M, and on the per-capita
expenditure E.2 Since in the steady-state equilibrium E; is time-invariant, Eq. (44) implies that the instantaneous utility In u
grows at the endogenous growth rate y. This, combined with Propositions 2, yields the following results.

23 We can now derive a sufficient condition which guarantees that the consumer consumes all available varieties. In principle, each consumer chooses
g(w) and M to maximize (2) subject to the budget constraint. The first order condition with respect to M yields In[M.A(M)q(M)/L] > 0, which holds with
equality if M <M,.. Using p(M)=A(M) and (3) in this condition yields InE>0. Thus to ensure that M=M, we must have that E> 1. Using
Va(ia)/V = (2q)/7 = fy/f implies that (1+50fs/(1—7")=F/(1—J ). Substituting this into (33) yields E = [(p—n)(1+o)fsl/I(1+0)(1—ig ). Since Jq €
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Proposition 3. A reduction in variable trade costs (t | ) or foreign market entry costs (f, | ) has an ambiguous effect on long-run
welfare growth, whereas an increase in the intensity of trade-related knowledge spillovers raises long-run welfare growth.

Given that long-run welfare growth rate is given by y, the conditions that we derived in Section 3.1 also resolve the
ambiguous effect of trade liberalization on long-run welfare growth. Substituting M = (1+{,)My = (1 +{,)Mpe’t into (44), and
then using the final expression in the intertemporal utility function (1) yields the life-time welfare of the representative
household:

W = {(1 +Cx)M0} InE = {(1 +Cx)M0:| In
p—n—y p—n—y

(p—n)f }
A+01-1""

where the second equality follow from (33). Note that there is a tension between the term in the first bracket and the per-
capita expenditure E: pro-growth trade liberalization measures have a negative impact on the per-capita expenditure E. The
overall welfare effect is ambiguous.

However, our quantitative analysis, which is based on the special cases discussed in Section 3.1, suggests that further
exposure to trade through a reduction in trade costs 7 is welfare improving. Fig. 1a shows the effects of a reduction in trade
costs T on welfare W under the restriction f;=f,=f, which corresponds to Case 2.24

Fig. 1b shows the effects of a reduction in trade costs T on welfare Wunder the condition f;=0, which corresponds to Case 3.
This figure illustrates the results under three different specifications: f,=0.1f,, fy=0.9f,, and f,=1.1f..2°> There are three novel
remarks associated with Fig. 1b. First, under each specification, a reduction in trade costs 7 is welfare improving. Second, the
relationship between welfare W and foreign market entry costs f is not monotonic. Finally, for any given 7, a reduction in f, is
welfare improving if f, is close to f,. Therefore, although in principle trade liberalization has an ambiguous effect of steady-
state global welfare, the conditions under which the trade-growth ambiguity is resolved imply that trade liberalization is
welfare improving.

We finish the welfare analysis by establishing that the market cutoff quality level, per-capita expenditure, and growth rate
are socially suboptimal. For the sake of brevity, we only consider the closed economy case. In this case, number of products
consumed will be the same as the number of products produced, i.e., M.=My=M. The planner maximizes the following
intertemporal utility function

U= / ” e~ P~MEM(H)IN[E(D)] dt, (45)
0

subject to the resource constraint which reflects the full-employment of labor condition. Before going further, it is important
to emphasize that we must have In[E(t)] > 0 (or E > 1); otherwise, consuming all available products will not be an optimal
decision. L

The full employment condition (25) implies that total labor used in the R&D process is given by L, =L—4, EL, where
J. = J4. Inserting this into (19) delivers

M =(1-J; EM/f, (46)

where f = fe /[1-G(.a)] +fa-
In the steady-state equilibrium, E and 4, are time-invariant and the socially optimum values E° and )ufi satisfy the following
system of equations (see Appendix for details):

faH(A4,E) =fe, (47)

1-75 E(1—InE) = (p—n)f, (48)

where H(A4,E) is defined by (31) and the requirement that the denominator 1 —iglE in H(14,E) must be positive implies that
J.q > E. Furthermore, H(A4,E) decreases in /4 and increases in E.?°

Egs.(47) and (48) define two curves in (/4,E) space (not shown for brevity of exposition). The slope of the curve defined by
(47) is positive, while the slope of (48) is indeterminate.?’” Consequently, these curves may intersect each other more than
once, and hence, might give rise to multiple socially optimum cutoff quality levels.

(footnote continued)
(1,k) with k=1/(1—fy/fy), it follows that E > [(p—n)(1+{)fa1/[(1+ 01—k~ ] = (p—n)(1 +)fy /(1 +0). Finally, using 0 € [0,1] and {, € [0,1] implies that
E> (p—n)(1+ofx/(A+0) > (p—n)fx/2. Thus, f; > 2/(p—n) ensures that E > 1.
To derive the sufficiency condition when f,=0, we directly use E =[(p—n)(1+{)f31/[(1 +9)(17/1;1)]. Since 0 € [0,1],{, € [0,1], and /4 > 1, it follows that

E > (p—n)fy/2.In this case, f; > 2 /(p—n) guarantees that E > 1. Thus, the principle of non-satiation holds under the sufficient condition Max(fy.fx) > 2/(p—n).

24 In plotting this graph, following Dinopoulos and Segerstrom (2007), we assume that p =0.07 and n=0.014 so that p—n=0.056; and 0 ={, as in
Baldwin and Robert-Nicoud (2008). We further set My=1, k=3, fo=10, and f;=1 (results are robust to alternative parameter values).

25 In this exercise, we set 0 = {.f. =20, and k=4.

26 GH /OE = [1-GUa)(g =iy )/ (1—3 ' E)? > 0.

27 Totally differentiating (47) yields1 dE/d)\g = (1+[1=GO)fs/f-H(E/2q)?> >0. On the other hand, totally differentiating (48) yields
dE/d2q = u(Ag)hal(p—mfe /[1-G(g)— (A7 =74 )E(1—InE)}/InE. Notice that for InE > 1, the slope is positive.



610 E. Dinopoulos, B. Unel / European Economic Review 55 (2011) 595-612

15 ¢

Welfare (W)

1 1.2 14 1.6 1.8 2
Variable Trade Costs (1)

105 ¢
10

95 t

Welfare (W)

85 t

75 1 1 1 1 ]
1 1.2 1.4 1.6 1.8 2
Variable Trade Costs (1)

Fig. 1. Effects of trade liberalization on welfare. (a) fy=f,=f. (b) f4=0.

How does the socially optimum solution compare to the market equilibrium? To facilitate the comparisons of the efficient
and market equilibria, rewrite the conditions that determine the market values of EA and /l’d‘:

faHG.g, 1) =fe, (49)

(-7 E=(p-nyf, (50)

where (50) is obtained from the closed-equilibrium versions of (32).28 Observe that (50) and (48) will be identical, if E in (50)
is equal to one. In this case, the efficient and market cutoff levels will be the same, i.e., the market cutoff level is socially
optimal. However, as discussed above, in the optimal solution E° must be greater than 1. Furthermore, since H(14,E) increases
in E, it follows that /5 > 43, i.e., the efficient cutoff level is greater than the market cutoff level. Because / differs from 15, E5
generally differs from E%.

Once the efficient per-capita expenditure and production cutoff level are determined, one can obtain the socially optimum
growth rate by substituting the efficient solution in (46):

~S
s 1 U 'E

TR (51)

28 From the free-entry innovation condition (17), we have IT/(p—n) = Myf ¢. Substituting (32) and setting M.=M, and 6 = 0 yields (50).
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where fs =fe/ [1—G(2§)] +f4. A comparison of (51) with (35) reveals that generally the socially optimal growth rate differs
from the market growth rate.

Proposition 4. The laissez-faire cutoff quality level /1’3, per-capita expenditure E, and growth rate y* are socially sub-optimal.

5. Conclusions

This paper developed a fully endogenous growth model with firm-specific quality heterogeneity and an endogenous
distribution of markups. The model was used to analyze the determinants of long-run global growth and welfare. In doing so,
it complements recent studies of growth with firm-specific productivity heterogeneity. The effects of trade liberalization on
long-run growth work through a variety of mechanisms that shape the incentives to innovate. An increase in the size of
international knowledge spillovers unambiguously raises the rate of long-run growth by increasing the productivity of R&D
workers. However, a reduction in trade costs, or a reduction in foreign market entry costs generates pro-growth and anti-
growth forces. The former force stems from an increase in the average global quality level which reduces the fraction of labor
devoted to manufacturing and increases the fraction of labor engaged in R&D. The latter force arises from the possibility that
R&D can become more risky and therefore generate higher expected instantaneous fixed costs that retard the productivity of
R&D researchers.

Despite the ambiguity between trade and long-run growth, an increase in the exogenous intensity of international
knowledge spillovers or an increase in the rate of population growth accelerate long-run growth. In an effort to explore the
nature of the indeterminacy between trade and growth we identified three special cases. Each case is based on sufficient
conditions on the model parameters that resolve the growth-trade ambiguity and deliver a definite pro-growth or anti-
growth effect of trade liberalization. In addition, simulation analysis indicates that the conditions that resolve the trade-
growth ambiguity imply that trade liberalization policies improve the steady-state welfare. Furthermore, the conditions
under which lower trade costs promote growth, imply that an R&D subsidy promotes long-run growth as well.

Acknowledgments

We would like to thank participants at DEGIT, Midwest Macro conferences, and three anonymous referees for helpful
comments and suggestions.

Appendix A. Properties of H(/;,«) function
According to Eq. (28), when the production cutoff quality level attains its minimum level (i.e., 4 = 1), the export cutoff

quality level equals the per-unit trade costs (i.e., 2y = 7), whereas as 44 approaches its supremum (i.e., 14 — k), 4x approaches
infinity (i.e., Ax — oco). The following conditions characterize the limiting behavior of H(14,1) and H(A,7):

limH(Jg,1) =00, limH(x,T)= oo, (52)

Ag—1 Ix—>T

}iq H(4g,1)>0, lim H(4y,7)=0. (53)
d—K Ax > 00

To prove the claims in (52), first note that H(4;,o) can be written as
[r—oig(2) di
1—o);!

H(2,00) = —[1-G(4)].
The numerator of the first term on the right-hand-side is always positive as long as g(-) is continuous at 4;. Taking the limits of
both sides as /4—1 and Ay—t immediately yields the claims in (52). In addition, the above equation implies that

lim;, ., . ,H(/x,7) = 0 as Ay — oc. The first claim in (53) immediately follows from H(k,1) = [1—-G(k)](k~! —1271)/(1 —k=1) > 0since
k-1>k ', where k = /=Gy [* A g2y da .

K
Thus, the left-hand-side of (30) is always positive and defines a negatively sloped curve starting at infinity as 14— 1 and
reaching the value H(k,1) as 14— k. Given that the right-hand-side of (30) is equal to f./fs the existence of a unique cutoff
quality level 24 > 1 is guaranteed for a sufficiently high value of f./f;. The sufficiency condition H(k,1) < f. /f4 ensures the

existence of the unique equilibrium.
Appendix B. Analysis of the planner’s problem
The corresponding Hamiltonian is given by

H(E,Lg,M) = e~ P~ MInE 4/

1—%15} y
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where / is a time-varying Lagrange multiplier. In this problem, E and 44 are control variables, while M is a state variable. The
necessary conditions are given by

G S . Wig E, (54)
OE
-1

oM o [1-7,E f;
—— =0=[1-G — 4= 1| ==, 55
o7y — 11—l [1—,1d15 } fa &>

~—1 .
oH e =MnE  1-A, E v
) =0= +—d—=—= 56
vV v 7 v (56)
[lim WY(OM(t) = 0. (57)

The last condition represents the transversality condition.
. . s . 31 . .
Again, we shall only consider the steady-state equilibrium. Notice that 1-4, E represent the fraction of labor used in the

R&D process and in the steady-state equilibrium, this must be constant. Moreover, since M /M is constant in the steady-state,
the constraint implies that f also must be constant. This further implies that 4, must be constant. Finally, combining this with

»—1 .
the constancy of 1/, E ensures that E is constant.

Notice that (55) is the same as (47). Since 44 and E are time-invariant, (54) implies that { grows at rate n—p. Moreover,
solving (54) for yy and substituting it into (56) implies (48) in the main text.
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