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Technology Diffusion through Trade with
Heterogeneous Firms

Bulent Unel*

Abstract

I investigate the long-run implications of trade and technology diffusion through trade, when firms are
heterogeneous and trade is costly. This paper integrates firm heterogeneity and trade into a product inno-
vation growth model from endogenous growth theory. I find that although exposure to trade increases
average productivity, it has an ambiguous effect on economic growth and consumer welfare.

1. Introduction

In endogenous growth models, technological progress is driven by new designs that
result from the research and development efforts of profit-maximizing agents (Romer,
1990; Grossman and Helpman, 1991a, GH hereafter; Aghion and Howitt, 1992). An
important assumption in these models is that firms that use these designs to produce
goods face a “common” production technology. Firm-level empirical studies, however,
find the existence of large and persistent productivity differences across firms even in
the same industries (Bernard and Jensen, 1999; Bernard et al., 2003).

The same production technology assumption has an important consequence in trade
context. Since firms face the same technology, when exposed to trade all firms will sell
their products in foreign markets. Empirical studies, on the other hand, show that even
in traded sectors only some firms participate in trade and, more importantly, there is a
strong correlation between firms’ foreign market participation and the firms’ produc-
tivity levels (Clerides et al., 1998; Bernard and Jensen, 1999).

These findings restrict the implications of these models in yet another important
dimension: technology diffusion through trade. There is an influential literature in
which these endogenous growth models are used to address the effects of technology
diffusion through trade on growth (GH, 1991a; Rivera-Batiz and Romer, 1991, RR
hereafter; Aghion and Howitt, 1998). Since the above empirical findings state that not
all firms participate in trade, the technology diffusion through trade will be more
limited than what these models imply. Moreover, given the strong correlation between
firms’ productivity levels and foreign market participation, the effects of the diffusion
process may be more complicated than what these models predict.

This paper investigates the long-run effects of trade and technology diffusion
through trade when firms are heterogeneous in their productivity levels and trade is
costly.! Toward this goal, I integrate Melitz’s (2003) work on firm heterogeneity and
trade into the product innovation (i.e. variety-expansion) endogenous growth model
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developed by Romer (1990). In the R&D process, labor and available technology are
used. To capture the positive effects of trade on product innovation, I assume that
foreign contribution to local technology increases through trade.

I find that exposure and further exposure to trade increase average productivity.”
Although trade facilitates the technology diffusion and increases average productivity,
I also find that these positive effects may not be high enough to overcome its costs.
Thus, exposure and further exposure to trade has an ambiguous effect on economic
growth and consumer welfare.

In a recent paper, Baldwin and Robert-Nicoud (2008, BR hereafter) also study the
long-run implications of trade when firms are heterogeneous. They find that greater
openness produces anti- and pro-growth effects. Although their results are qualitatively
similar to mine, the two papers are still different.?

The main difference is the way I formulate the technology diffusion (the knowledge
flow).* They assume that, as in RR (1991), the amount of the knowledge flow is
proportional to the level of foreign knowledge. To that end, they consider different
specifications for technology diffusion, but in none of them do they relate the knowl-
edge flow to the trade volume as I did. There are several reasons to think that foreign
contribution to the local knowledge stock increases with (the volume of) trade. First,
the foreign knowledge is embodied in imported goods and the local producers will gain
new insights from using these goods. Second, foreign purchasing agents may suggest
new ways to develop new products (i.e. learning by exporting). Finally, exposure to
trade increases the number of personal contracts between domestic and foreign pro-
ducers, which then enhances the exchange of knowledge between countries. Indeed,
based on these insights, GH (1991b) develop a technology diffusion model for a small
open economy, in which the extent of spillovers from the rest of the world increases
with the volume of trade.

Using trade volume is also consistent with the previous empirical studies on inter-
national R&D spillovers (Coe and Helpman, 1995; Keller, 2004). In this literature,
foreign R&D spillovers are measured as the weighted average of foreign R&D stocks,
where weights are constructed by using the volume of bilateral trade between
countries.

2. Specification of the Model

Consumer Behavior
I assume that there is a representative agent who is endowed with fixed quantities of
labor, L. His intertemporal utility is given by

U=| e™InC(dt, 1)

where p is the subjective discount rate and C(¢) represents total consumption at time .
The agent maximizes the above utility subject to his budget constraint

CH+I)<Y(), (2)

where [ denotes investment, and Y is total output. To simplify the notation, I suppress
the time arguments and I shall do so in subsequent analysis as long as it causes no
confusion. I also hereafter normalize the price of final good Y to one for all «. I further
assume that a no-Ponzi game condition is satisfied. The intertemporal optimization
problem yields that the consumption, C, must grow according to
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%:r-p’ (3)

where r is the real interest rate.

Producer Behavior

Following Romer (1990), the production function for consumption goods is given by
Y=ALY"[ _q()'dj, (4)

where Y is the final output, Ly denotes labor input, ¢(j) represents the amount of
intermediate good j used in production, J denotes the mass of available intermediate
goods; and A and « are constants with 0 < a< 1.

For expositional simplicity, it is more convenient to write the above production
function as Y = ALY*Q% where Q denotes the aggregate manufacturing index for
intermediate goods and is given by

o=| jjequ“df]é.

I further assume that the product market for consumption goods is competitive. The
profit-maximizing strategy yields that

L, = (1-)Y

oY
and =—, 5
0-% )
where w is wage rate and P denotes the aggregate price index associated with Q, and
is given by

1

P[0} ©

where p(j) is the price of brand j intermediate good and o= 1/(1 — &) > 1 is the elasticity
of substitution between any two brands. With these aggregates Q and P, the optimal
quantity and expenditure levels for individual brands are

qm:Q[¥T and e(j)=E[¥TG, )

where E = PQ is the aggregate expenditure on intermediate goods.

Intermediate goods are produced by a continuum of monopolists, each choosing to
produce a different variety. Following Melitz (2003), I assume that firms have different
productivity levels indexed by ¢ > 0. More specifically, for a firm with productivity ¢ to
produce ¢ units of intermediate goods, g/¢ units of final goods must be forgone. I also
assume that goods are nondurables, i.e. they depreciate fully after use.’ Regardless of its
productivity level, each firm faces a residual demand curve described in (7). Profit-
maximizing behavior yields the following price rule:

1
p(p)= w0 (8)

Given this pricing rule, firm profit is then
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n(p)=e(@p)—q/p=e(p)/o, )

where e( @) is expenditure on the firm’s product (i.e. firm’s revenue). Using this pricing
rule in (7) and (9):

4(0)=0(Pag)’, e(p)=E(Pag)™, and n(<p>=§<Parp)"‘l. (10)

These equations further imply that

61(<P1)=(ﬂj6 ond n(«pn:e(«pl):(g)"‘{

(11)
q(@) \ @, (@) e(@p) \@,

Hence, a more productive firm has a lower price, produces more output, and earns a
higher profit than a less productive firm.

A main concern for the monopolists is the net present discounted value of profits.
These net present discounted values can be found by solving the following dynamic
programming problem:

T ((P) = ”Vz((P)— Vt ((P), (12)

where v(f) denotes the expected value of a claim to the stream of profits that accrues to
a typical firm operating at time ¢. In steady-state, where all variables have constant
growth rates, this equation further implies that

v(p) _ m(e) (ﬂ)“

vig)) n(g:) %

= 13
v(g,) (@) (13)

where the third equality follows from (11).

Aggregation

Let u(¢) denote the distribution of productivity levels over a subset of (0, «) and n be
the mass of firms. Note that u(@)deis the fraction of firms who have a productivity level
of ¢, and nu()deis the total number of firms at that productivity level. Thus, aggregate
price P is given by

1

P=[[" (@) nu(p)dp|. (14)

Using the pricing rule (8), this can be written P =n"""9p(¢), where

BN
o=[] 0 u(p)ydo], (15)

where @ is a weighted average of the firm productivity levels ¢ and is independent of
the number of firms n. By using (11) it is straightforward to show that other aggregate
variables are given by

1 1

P=nop(p), Q=n“q(p), E/c=T=nn(p), and Y =nAL;"q(9)", (16)
where IT denotes the aggregate profit of the intermediate-good sector.
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Innovator Behavior and Equilibrium Dynamics

In formulating the R&D process, I will follow Romer (1990) and, to some extent, use
insights provided by BR (2005). Labor and available technology (or stock of knowl-
edge) are used in the innovation process and I assume that the stock of knowledge
is approximated by the number of products, n. I also assume that the R&D sector is
perfectly competitive and finances the up-front product development costs by
issuing equity. This perfectly competitive sector makes and sells blueprints for new
varieties.

The variety—innovation process, however, is stochastic. To develop a new variety,
innovators first invest f./n units of labor, which is sunk. Each variety is associated
with a productivity level ¢, which is randomly drawn from a common distribution
#(+), which has positive support over (0, ) and has a continuous cumulative distri-
bution ®. After learning the associated productivity level, the innovator checks the
expected value of the firm that may produce this variety. With the associated pro-
ductivity level @, if its expected value is greater than the cost of adapting the product
into the market, denoted by wf,/n, then the innovator will spend f; additional units of
labor.

With this interpretation, there are two conditions. First, among the observed produc-
tivity levels, there is now a cutoff productivity level ¢, where

v(p)=wfi/n. (17)

Only firms with a productivity level of ¢ > ¢, stay in the market, others will not be
introduced. Hence, the ex-post distribution of firms productivity, v(-), is the conditional
distribution of ¢(+) on [y, =):
¢()
(@)= 1-@(9y)
0 otherwise.

(p>(p>l<7

The aggregate productivity index is now given by

_ 1 - o-1
P () = T((p*)'[% o7 'o(p)de | . (18)

Second, since the R&D sector is competitive, the expected cost should equal
expected profit. Note that fu/n (wfa/n) occurs if the productivity level is greater than ¢
Thus, expected cost C is given by

C=w[fo +(1-®(px)) ful/n. (19)
The ex-ante value of a firm, on the other hand, is

_ 1 -

B=(1-2(¢)) mjwv«pww)w , (20)

where 1 — ®( @) is the ex-ante probability of successfully entering into the market and
the term in square brackets is the average value of a successful firm. Thus, in competi-
tive equilibrium
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1 - _
TWJ’%V(QD)(P(@L{(P:WJC/”, 1)

where f =fi+f./[1-®(¢s)]. The left-hand side of (21) is the average value of a
successful entrant, and the right-hand side is its average development cost. Thus, to
expect to “produce” a new variety an innovator has to use f /n units of labor.

Let L. denote the total amount of labor used by entrepreneurs in R&D, then the
expected number of changes in the number of products is

n=nL,/f. (22)

The dynamic evolution of this economy is now described by (3), (12), and (22),
together with the two other conditions described in (17) and (21). Given the stochastic
nature of the problem, analysis of this system is quite complex. I therefore confine
myself to the steady-state equilibrium analysis, where the variables have constant
growth rates. The steady-state analysis yields that the equilibrium cutoff level ¢.. is (see
the Appendix for details):

H(¢*>=%, with H(¢*>=[1—¢<¢*>]{(Z—*] —1}, 23)

%

where @x = @(@). Using the definition of @ in (18) implies that H(¢.) is a decreasing
function with respect to ¢, (Melitz, 2003). Thus, there exists a unique ¢, that satisfies
this equation. Hence, the cutoff level ¢, is constant.

The growth rate of the economy, g, on the other hand, is given by (see again the
Appendix for details):

8= (ﬁ)%—ﬁ (24)

3. Open Economy

I now consider the impact of trade in intermediate goods in a world that is composed
of two countries of the kind just analyzed. Firms wishing to export face per-unit costs
(such as transport and tariffs) that do not depend on firm characteristics such as
productivity. Per-unit trade costs are modeled in the standard iceberg formulation,
whereby 7> 1 units of a good must be shipped in order for one unit to arrive at its
destination. Because countries are symmetric, they have the same prices for final goods,
which is again normalized to one, and the same mass of firms .

Each firm’s pricing rule in its domestic market is still given by p4(¢) = 1/a¢. Firms
who export will set higher prices in the foreign markets that reflect the increased
marginal cost 7 of serving these markets: p.(¢) = t/a@ = (). Thus, revenues earned
from domestic sales and export sales to any given country are eq(@) = E(Pog)®" and
ex(@) = T %4 ), respectively. Since 7 (@) = e(¢)/o, the combined profit of a firm, 7 (@),
is given by:

() if it does not export,

m(g) ={ (25)

mi(@)+ 7. ()= (1+7""°)m,(¢) if it exports.
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Innovator Behavior

The technology for product development is similar to that in the closed economy.
Note that now a firm may serve in the foreign market too; in this case, however, the
inventor should devote additional labor for modifying the product to meet the
foreign market specifications.® Specifically, developing a new variety now requires
fo/K, units of labor, where K, denotes the available stock of knowledge. After devel-
oping the new variety, the innovator checks the associated productivity level ¢. If
the firm’s expected value is greater than wf,/K, with this productivity level, then the
innovator will spend f#/K, units of labor to serve this into the domestic market. If the
productivity level is high enough to also cover the foreign market adaptation costs,
the innovator will spend f,/K, units of labor, in addition to fi, to serve this product
into the foreign market.

In section 2, I assumed that the two countries are completely isolated and, therefore,
indexed the available technology by #, i.e. K, =n. Now they engage in trade and, as
discussed in the introduction, it is plausible to think that the foreign contribution to
local technology increases with trade. I will assume that the amount of technology
transferred from the other country is a function of total trade (import plus export) with
the other country. Thus,

VT)’ (26)

K,=(1+%¥)n with ‘}’:‘P(—
149

where V7T is the value of total trade (imports plus exports) of the home country
and VQ is the value of intermediate goods produced at the home country (symmetry
assumption ensures that these will be identical across countries). ¥ is assumed to be an
increasing function.

Notice that a firm with productivity ¢ will serve in the domestic market if vi(¢@) = wf,/
K., where v, is the value generated by domestic sales. And it will export to the other
country if vi(@) 2 wf./K,, where v, is the value generated by foreign sales. Thus, there
are two cutoff levels:

vi(@)=wf; /K,, (27)

where i =d, x. Using 7.(¢)=17"m«¢p) and (11) implies the following relationship
between ¢, and ¢.:

1
790 _ (w_)L _ (f_x)ol 28
7T (Qq) f Qa Ja &Pt Ja ' 8)

where @, > @, further implies that 7(f./f;)"°" > 1 and I assume that this is the case. With
these cutoffs, the value of a firm is now given by

v if o, <p<o,,
v(rp)={ (@) ! Pa=P<Q (29)
va(@)+vi(p) if o, <.
Since the R&D sector is competitive, it easily follows that
1 - -
—_— Vv do=wf/K,, 30
1—@((pd)‘[‘/’d (@)9(@)dg=wf/ (30)
where f is
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. 1 1-®(g,)
L= e ton ™ T 10 g0

fe (31)

As in the closed-economy case, the left-hand side of (30) represents the average
value of a successful entrant, and the right-hand side represents its average develop-
ment cost. With this interpretation, the expected number of new products is

n=1+¥)nL./f, (32)

where L. again denotes the total amount of labor devoted to R&D.

Aggregation and Equilibrium Dynamics

Consider the aggregate price index P. Note that when trade is allowed in a given
country, not only domestic but also foreign producers will sell their goods. Then P is

1

o 1-o 1 ° 1-o -0
P() " ng(p)do+ I, @pion mqb«p)dﬂl ,

P:P—J——j -
l—q)(q)d) Pd 1_q)((px)

where n, is the mass of foreign firms who have sales at the home market, i.e. n,={in
with & =[1-®(¢.)]/[1 — P(¢s)]. Thus, N = (1 + {)n represents the total mass of vari-
eties available to consumers in each country.

Using the same function defined in (17), let ¢, = @(¢@,) and @, = ¢(@,) denote the
average productivity levels of all firms and exporting firms, respectively. Let ¢, be the
average productivity defined as

o-1

(Z)o = (%I:H(Dg_l +n, (T_l(ﬁx )0-71 ])

Similar to the closed-economy case, the aggregate variables are

1 1

P=N"p(p,), Q=N<q(p,), =Nmy(p,), and Y =NAL"q($,)". (33)
Furthermore, using the definitions of V7 and VQ it is straightforward to show that

VT 26.(t7¢.)"

= . 34
v = oo 34

I will again only consider the steady-state equilibrium and let g, denote the growth
rate of the number of products produced in any country. In the steady-state, the cutoffs
@s and @, will be related to each other as follows (see the Appendix):

Hlp)+ L 1o =L, (35)
fa fa

where H(-) is defined as in (23). Equations (28) and (35) constitute a system of two
equations with two unknowns, ¢; and ¢.. H(¢) is a monotone-decreasing function
(Melitz, 2003). Moreover, since, according to (28), ¢, is an increasing function of ¢y,
equation (35) together with (28) immediately yields a unique solution for (. ¢.).
Hence, the cutoff levels ¢, and ¢, are constant. To show that ¢, > ¢.., notice that the
right-hand sides of (23) and (35) are identical. For each ¢, the left-hand side of (35),

© 2010 Blackwell Publishing Ltd



TECHNOLOGY DIFFUSION AND HETEROGENEOUS FIRMS 473

however, is greater than that of (23). Thus, ¢.> @, i.e. the cutoff level for domestic
market entry is now higher than that in the closed economy. This will further imply that
the average productivity will be higher in an open economy.

If there was no technology transfer through trade (i.e. K, =n), then the intuition
behind this result would be similar to that in Melitz (2003). The open economy offers
new profit opportunities to firms. However, only more productive firms can benefit
from such profit opportunities, since selling a new variety in the foreign market
requires an additional market adaptation cost. Furthermore, the new profit opportu-
nities induce more entry into the R&D process. Increased labor demand by the
exporting firms and the R&D sector bids up the real wage and, hence, domestic market
adaptation cost. Since firm value is increasing with its productivity level, an increase in
the domestic market adaptation cost will yield a higher zero cutoff productivity level
in equilibrium.

Existence of spillovers through trade makes the intuition behind this result more
subtle. However, notice that the average value of a successful entrant is given by
wf / K, while the value of the firm with domestic cutoff productivity level is given by
wfa/K;. These imply that the average value of a successful entrant relative to the value
of the domestic cutoff firm is f / fu- In the closed economy, on the other hand, this ratio
is f/f,. Since exposure to trade offers new profit opportunities to more productive
firms, it increases the average value of a successful entrant relative to the value of the
domestic cutoff firm. Thus, f will be greater than f. Moreover, because the relative
value of firms is increasing with their relative productivity levels (see equation (16)),
the previous conclusion yields that the ratio of the average productivity to the domestic
cutoff productivity in the open economy is greater than that in the closed economy.
Given that the average productivity is increasing with the domestic cutoff level, it
follows that the domestic cutoff level in the open economy is greater than that in the
closed.

The growth rate, g,, is given by (see the Appendix):

a(1+¥) L
,=REBL_ P (36)
I+ f 1+
Subtracting (24) from this equation yields that
oL [(1+Y) }
8o—8=———=|—==-1| 37
(1+a)f[ fif 7

The sign of g, —g., then, depends on the sign of the expression in square brackets.
Since f/f >1and 1+ ¥ > 1, the ratio (1+‘P)/(f/f) may be greater than, less than, or
equal to one. Thus, the sign of the expression in square brackets is ambiguous; hence,
8o — & 1s ambiguous.

The result simply follows from the two conflicting effects of trade on the marginal
productivity of labor in R&D. To see these, notice that in the open economy, the
marginal product of labor in R&D is (1+%¥)n/ f, while in the autarky it is n/f. The
possibility of selling a new variety in the other country, which requires additional labor,
increases the demand for labor in the product development process (this is captured
by f/f).Trade, on the other hand, increases the foreign contribution to the local stock
of knowledge, which then reduces the amount of labor needed to develop a new variety
(this is captured by 1+ ¥). The net effect depends on which of these two factors is
dominant.
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RR (1991) consider a similar specification with no firm heterogeneity or trade costs.
They find that exposure to trade does not contribute to economic growth, unless there
is an economic integration through which ideas can flow across countries. Specifically,
they assume that after exposure to trade, the total available technology will be given by
K, = (1+ A)n, where A measures the degree of integration between two countries.” This
paper, however, explicitly links the degree of integration with trade and shows that
exposure to trade has an ambiguous effect on growth. In addition, this paper shows that
trade contributes to productivity gain. The differences stem from the firm heterogeneity
and the foreign market adaptation costs of the R&D sector.

BR (2008) also study the long-run implications of trade on economic growth when
firms are heterogeneous. They find that exposure to trade has an ambiguous effect on
economic growth. They assume that knowledge flow is proportional to foreign knowl-
edge stock as in RR (1991). They consider several specifications for A, but in none of
them do they link the degree of knowledge flow with trade volume. In one case, for
example, they assume that A equals the fraction of the foreign firms that engage in trade
(i.e. A={,). As argued in the introduction, relating knowledge flow to the volume of
bilateral trade is more reasonable than relating it to the fraction of the foreign firms
that engage in trade. Moreover, my approach is more consistent with the literature on
international R&D spillovers (Keller, 2004).

Another important question now is how further exposure to trade affects average
productivity and economic growth. Although I can analyze this problem in a general
setting, I examine a specific case where productivity levels are drawn from a Pareto
distribution. This will also provide more intuition about the model.

An Example: Pareto Distribution and Closed-Form Solutions

Following Helpman et al. (2004), Melitz and Ottaviano (2008), and many others in
this literature, I assume that the productivity levels are drawn from a Pareto
distribution:

b k
<1>((p)=1—(—) , forp=b>0,
@

where k is the shape parameter and b is a scale parameter that bounds the support
[b, +e0) from below. This distribution has a finite variance if and only if k > 2. I assume
that k + 1 > o, which ensures that the integrals in the aggregate variables converge. With
this distributional assumption, I can get closed-form solutions for the variables. Using
(18) with ¢(@) = kb*@™* ', T get ¢~ = k(¢,)°"' /(k+1-0), where i =, d, x. Also, note
that Pareto distribution implies that {, = (@/¢.)*, and with (11) this will imply that
Co= 1% (fi/f) @D, Using these equations together with the reduced-form equilibrium
conditions for cutoffs described by (23), (28), and (35), it is straightforward to show that
the equilibrium cutoffs are given by

1 1
e 1+Q)f, |«
0s = b[f—] . @i=(1+9)"p,, and ¢, =b [Q} ,
B-Df. Q(B-Df.
where, following BR (2005), I define f=k/(c—1) > 1,Q = 1*T"F with T =f./f,. Notice
that when 7 and/or T decrease, Q increases; hence, a higher value of Q corresponds to
a more open economy. Using these cutoff levels and (34):
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Figure 1. The Graphs of G(Q) under Different (i, 0)

~ o-1
(1+§x)(g—°J —(1+Q" F=(1+Q)f, and YL -2

5 VO 1+Q

With these equations, (37) becomes

)

The sign of g, — g. depends on the functional form of ¥ and I consider the following
simple specification:

8o —8a

T(Q)z'{(lfg)e’

where x and 6 are positive constants. Since W(Q) is the fraction of foreign technology
transferred to the home country, it must be the case that ¥ < 1. Furthermore, notice that
W is an increasing function of Q. Thus, k¥ cannot be greater than 2%; i.e. xk € (0, 2?]. With
this specification:

Q 0
K(—) -Q
¥ 140 ).
1+Q 1+Q

The sign of G(Q) depends on x[Q/(1 + Q)]? — Q:if it is positive (negative), then G(Q)
will also be positive (negative). Figure 1 represents the graph of G(Q) for different
values of (x, 6) over Q €0, 1]. This figure clearly shows that exposure and further
exposure to trade has an ambiguous effect on growth.

4. Welfare Analysis

I begin with the welfare implications of trade and then investigate whether the growth
rate of the decentralized economy is optimal.
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Consumptions in the autarky and the open economy are (see the Appendix):

YL (L+pf)na(0), autarky,

f
1+¥

C(t)= (38)

7(1+Cx)¢gl[L+p ]no(t), open economy,

where y= a°(1 — ), and the subscripts a and o represent the autarky and the open
economy, respectively. Note that except for n,(f) and n.(f), all other terms on the
right-hand side of this equation are time-invariant in equilibrium. Thus, the coefficient
in front of n, relative to that in front of n, measures the combined szatic (or level) effect
of trade on welfare.

From the analyses in sections 2 and 3, it easily follows that (1+¢,)@S™" > @Z~". This
basically reflects the productivity gain through trade, as in Melitz (2003) and BR (2008).
The term L+ pf/(1+¥) relative to L+ pf, on the other hand, represents the effect of
trade on Ly. Since the ratio f/(1+ %)= f, this second effect of trade is ambiguous. The
first effect may not be large enough to overcome this ambiguity. As a result, the overall
static effect of trade on welfare is ambiguous.

Since consumption is linear in the number of products, the dynamic (or growth)
effect of trade on consumption (welfare) is measured by the changes in the growth rate
of n. Since exposure to trade has an ambiguous effect on growth, the dynamic effect of
trade on consumption (and welfare) is also ambiguous. Using equation (38) together
with the analysis in section 3, it is easy to see that the static and dynamic effects of
further exposure to trade on welfare are also ambiguous. To sum up, exposure and
further exposure to trade has an ambiguous effect on welfare.

Inow turn to address the second question. To do so, I will compare the market growth
rate with that obtained under a social planner. The solution to the planner’s problem
yields the following optimum growth rates (see the Appendix):

L L(1+Y¥)
g==-p and g =———>-p,
f f

where g;(g5) denotes the growth rate in autarky (open economy) under the social
planner.

Comparing these growth rates to those under the market economy, it is easy to see
that g, < g, and g, < g;. Thus, like the previous endogenous growth models (Romer,
1990; Aghion and Howitt, 1992), the growth rate of the market economy is suboptimal.
Note that total labor allocated to R&D under the market economy is less than that in
the centralized economy. As originally explained by Romer (1990), there are two
reasons for this. First, a new design raises the productivity of all future researchers, but
because this benefit is nonexcludable it is not reflected in the market price for designs.
Second, research produces an input that is purchased by a sector that engages in
monopolistic competition (Romer, 1990).

5. Concluding Remarks

I investigated the long-run effects of trade and technology diffusion through trade
when firms are heterogeneous in their productivity levels. In the model, trade plays an
important role as a conduit of technology diffusion. I find that although exposure to
trade increases average productivity, it has an ambiguous effect on economic growth
and welfare.
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The present work can be extended in several ways. For example, here I only consider
one single channel through which technology is diffused. Extending the model to
include other channels, especially foreign direct investment, would broaden under-
standing of the process of technology diffusion. Another interesting avenue is to extend
the model to two sectors and two factors of production, as in GH (1991a). Such an
extension would give a better picture of the dynamic comparative advantage of trade.

Appendix

In the steady-state C and Y grow at the same rate and let g, (g,) denote this growth rate
in a closed (open) economy. By (3), r.=g.+ p (ro = go + p).

Equilibrium Analysis of Section 2

To calculate the growth rate g,, first note that perfect competition in final goods implies
that

wi-epe =1, (A1)

and recall that the price of final good is normalized to one. This equation further implies
that w = P'-%, Second, using the optimal quantity function described in (7) together with
the equations in (5), the profit equation in (9) will be 7 (@) = aLyw[p(¢)/P]'°. Inserting
w = P9 into this equation implies that 7 (@) = oLyp(9)'°= a°Ly¢°". Third, since the
total labor supply is fixed, in the steady-state Ly will be time-invariant. Moreover, since
each firm’s productivity level ¢ does not change over time, this implies that 7 () is also
time-invariant. Together with (12) implies that v(¢) is time-invariant (since v/v must be
constant in the steady-state). Hence, v =0 in (12), which further ensures that

__n(p)
v(p)= e tptd (A2)
Combining this with (17) implies that
7 (Ps) = (8a+p+8)Wfa/n. (A3)

As indicated in the text, only firms with ¢ > ¢.. stay in the market, others will not be
introduced, and the aggregate productivity index will be given by (18). Using (A2) and
(A3) together with (11) in equation (21), I obtain the cutoff equation in the main text:

H((P*)=%, with H(co*):[l—q)(cv*)][(z—*] —1}, (A4)

k

where @x = @ (¢x).

To calculate the growth rate g, first note that I1=nn(@y)=E/oc=0Y =awLy,
which implies that 7 (@,) = awLy/n. Combining this with the second equation in (A3)
further implies that aLy = (g, + p+9) fu7w (¢ )/ 7 (ps) = (g, + p+ ) f, where T used (11)
together with (A4). Second, L, =(g, +8)f from (22). These two equations together
with Ly + L. = L yield the expression in (24).

Equilibrium Analysis of Section 3

Note that (A1) still holds. Thus, the profit is still given by 7.(¢)=°Ly¢°". Since
(@) = @), I have m.(¢) = a’Ly(7")°". Productivity level ¢ is time-invariant
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and in the steady-state Ly will be a constant function of L. Thus, profits 7,(¢) and 7 .(¢@)
are also time-invariant which together with (12) imply that

7; ()

vi(e)= 8o +p+0

fori=d, x. (A5)

Combining these with equations in (27) yields that

”i((pi):(g0+p+6)wﬁ/Km i:d’x‘ (A6)
Using 7.(¢) = 7°m«(¢) and (11) yields
1
(0. _ l_a(q)_x )"'1 fe (Lj‘” (A7)
7a(Pa) ‘ Pa Ja Tt fa '

Using equations (A5) and (A6) together with (11) in (29), implies (upon simplifica-
tions) the equation (35) in the main text.

To find the growth rate g,, note that I1=Nr,(®,)=E/c=aY/o=awL,, which
further implies that z,(p,)= awLy/N. Combining this with the second equation in
(A6) ensures that

oLy =[N/K,1(g, +p+9) fura(®,)/i(¢a)
=[1+8)/A+ (g, +p+8) (@0 /0a) ",

where I use N=(1+ {)n, K, =(1 + ¥)n, and (11). Notice that the definition of @, from
the main text implies that @I~ = ((o,‘j’l +¢. (7', )‘H)/(l+ £,). Using this together
with equations (A7) and (35), I obtain that £,(¢,/@,)°" =F/(1+¢,); hence,
a(1+¥)Ly =(g, + p+90) f. Notice that (1+¥) L, =(g, +6) f from the second equation
in (31). Again these equations together with Ly + L. = L yield (36).

Welfare Analysis
It is easy to show that using (16) and (33) in PQ = oY implies

q(Pe) =0 gLy, [(1-0), q(P,)=0"" 1+ )P Ly, [(1-01),
Ia(t) = na(I)Q(¢*)/¢*> Ia(t)= n()(t)(1+gx)q(¢())/¢o-

Since C =Y — I, using these equations together with Y’s in (16) and (33) easily yields

( Y95 Lyn, (1), autarky,
)=
y(1+£)@ ' Ly,n,(t), open economy,

where y= a/(1 — @). Using the growth equations in sections 2 and 3, it is easy to show
that L, , = (L + pf)/(l +a)and Ly, = [L + pf/(l + ‘1‘)]/(1 + o). Inserting these into the
above equation yields equation (38) in the text.

I now turn to the social planner’s problem. For the sake of brevity, I will only present
analysis for the closed economy (the open-economy analysis is straightforward and it is
available upon request). Given the total investment /, the static allocation problem of
the social planner is

Max Q subject to Jmnu(q))d(p =1
o
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The first-order conditions imply that g(¢i)/q(@)=(@/@)°. As in the previous

analysis, this implies that I = nq (@, )/@x and Q = nV*q(py) = n"*'*@,1. Thus, Y can be
written as

Y = ALy°Q% = ALy *n"* (9. 1)"
The social planner’s problem is:
Max U = [ e InC(1)dt,
subject to
C+1=ALy*n"(¢.1)"%,

h:(L—LY)%—(Sn,

C@),I(t)=0,

where n(0) is given. Since capital fully depreciates, / is a control variable. Thus in this
problem, C, Ly, and [ are control variables, while # is the state variable. The corre-
sponding Hamiltonian is given by

H=ePInC(t)+ A[ALY 0" (¢sI)* —C =1+ u[(L - Ly)n/f —én], (A8)

where 1 and p are the time-dependent Lagrange multipliers. The optimality conditions
are given by

IH/IC =0, IH/II=0, IH/ILy =0, (A9)
IH/In+ =0, (A10)
lim 72 (1) (1) = 0. (A1)

The last condition represents the transversality condition.
Again, I will only consider the steady-state equilibrium. The second equation in (A9)
ensures that

I1=(c-1)¢3 " Lyn. (A12)

This together with the third equation in (A9) implies that /4 = f@g". That is, A and
U grow at the same rate (since f and @, are time-invariant in the steady-state).
Furthermore, using (A12) in the production function yields

Y =¢¢ ' Lyn/(1-0) = C=¢5 ' Lyn. (A13)

Since C, I, Y, and n have the same rate (denoted by g.), the first equation in (A9)
implies that g} + p = —A/A =—j1/u. This together with (A13) and (A11) yields
A@! -

H f
Inserting /A = f@g " into this equation implies g5 = L/f —p.
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Notes

1. There will be two types of trade costs. One is the unit-transportation cost, the other is the
market entry fixed (sunk) cost. As will be shown in section 3, it is this fixed cost together with firm
heterogeneity that will endogenously divide firms into two groups: those who only serve the
domestic market and those who serve both domestic and foreign markets.

2. This effect is similar to that in Melitz (2003) and supported by micro-level empirical studies
(Pavcnik, 2002).

3. This paper was completed before BR (2008). Indeed, in the earlier versions (BR, 2004, 2005)
of their paper, they did not consider the possibility of technology diffusion through trade.
Consequently, they find that exposure to trade reduces growth. In an earlier version of this paper,
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I also considered the lab-equipment R&D model from RR (1991). In this case, I find that
exposure to trade always has a positive effect on growth.

4. Tam indebted to an anonymous referee for bringing this difference to my attention. There are
two other differences. First, the model background is not the same. In this paper the homo-
geneous final good is produced combining labor and differentiated intermediate (or capital)
goods; whereas in their paper differentiated goods are directly consumed by consumers as in the
Melitz model. My approach gives a more straightforward way to assess GDP growth in the
economy. Second, I explore in detail the effects of further exposure to trade on growth.

5. Assuming no depreciation, as Romer (1990) does, will only complicate the analysis without
affecting any of the results.

6. Existence of such sunk market entry costs has been well documented by econometric studies;
see Roberts and Tybout (1997) and Bernard and Jensen (2004).

7. GH (1991a, ch. 9) also consider exposure to trade between two symmetric economies. They
show that trade increases economic growth by eliminating the duplications of ideas.
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