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Abstract

This paper develops a monopolistic competition model with heterogeneous firms to
study the interaction between technology adoption and trade in a world of two countries
facing different technology adoption costs. It shows that a reduction in the technology
adoption cost in one country increases the productivity, induces more firms to adopt
advanced technology, and improves welfare in this country, while decreasing the pro-
ductivity, inducing more firms to switch back to old technology, and reducing welfare in
the other country. Furthermore, although a reduction in transport costs always makes

the country with lower adoption cost better off, it can hurt the other country.
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1 Introduction

This paper studies the interaction between technology adoption and trade in a monopolistic
competition model with heterogeneous firms. Firms have different productivity levels and
those wishing to export face both variable and fixed costs of trade. Upon learning their pro-
ductivity, firms can adopt a new, lower unit-cost technology; but adopting this technology
requires an additional fixed investment. Upon characterizing the equilibrium of this open
economy model with two countries facing different technology adoption costs, this paper
addresses the effects of changes in technology adoption cost and transport costs on each
economy.

The model predicts that a decline in the cost of technology adoption in one country
makes this country better off: the overall productivity increases due to the exit of the least
productive firms, technology improves as some firms adopt new technology, and welfare
increases. In the other country, however, the productivity decreases due to the entry of the
least productive firms, technology regresses as some firms switch back to old technology,
and welfare declines. Furthermore, although a reduction in transport costs always makes
the country with lower adoption cost better off, it can hurt the other country.

These results follow from the fact that a fall in technology adoption cost or transport
costs asymmetrically affects the intensity of competition in two countries. A decline in
technology adoption cost in one country (called country 1) intensifies the competition in
this country, because increased demand for labor by the firms adopting advanced technology
and the entry of more firms in response to higher returns from using advanced technology
raises the real wage. Consequently, the least productive (domestic and foreign) firms exit
this market. Increased competition in country 1 also induces the least productive foreign
firms using advanced technology to switch back to old technology. This occurs because they
can not cover their adoption costs with a reduction in their export revenues. As a result,
demand for labor in country 2 decreases which in turn lowers the real wage and induces the

least productive firms to enter.



Falling trade costs intensify competition in country 1 (assuming that technology adop-
tion is cheaper there). This happens because new profit opportunities from the foreign mar-
ket increase the incentives for more productive firms to export and/or adopt new technology.
In country 2, however, firms face two competing forces: lowering trade costs increases each
foreign firm’s export revenue, while an increased competition in country 1 reduces it. For
example, if the second effect is dominant, then the competition in country 2 becomes less
intense. Consequently, as in the previous case, the decreased real wage in this country
induces least productive firms to enter (see Section 3 for more details).

This paper contributes to an emerging literature on firm heterogeneity, technology adop-
tion, and trade. Yeaple (2005) investigates how the interaction between technology adoption
and trade gives rise to firm heterogeneity. In his model, firms are ex-ante homogeneous.
In equilibrium, firms that choose to export also choose to employ new technology and
hire high-skilled workers, while non-exporters employ old technology and hire low-skilled
workers. His model predicts that a reduction in transport costs (between two symmetric
countries) induces firms to adopt the new cost-saving technology, reallocates workers from
the old technology to the new, and raises the skill-premium. In this paper, unlike Yeaple’s
model, workers are identical and firms are ex-ante heterogeneous in their productivity. Upon
learning their productivity, each successful entrant decides which technology to use. Fur-
thermore, technology adoption costs differ across countries. The results in this paper show
that falling trade costs may actually cause a technical regress in the country where adoption
cost is more expensive by forcing some firms to switch back to the old technology.

Using the insights from Yeaple (2005), Bustos (2010) incorporates technology choice in
Melitz’s (2003) influential model of trade with heterogeneous firms. Her model predicts
that the additional revenues obtained from falling trade costs induce exporters to upgrade
technology. Using data on Argentinean firms, an empirical analysis of the model indeed
shows that firms in industries facing higher reductions in Brazil’s tariffs increase their in-

vestment in technology faster. Given that she studies the impact of a trade liberalization



agreement between Brazil and Argentina, her model reasonably assumes that the costs of
technology adoption in both countries are the same. How do these results change when
technology adoption costs differ across countries? Addressing this question is particularly
important in the context of trade between developed and developing countries. This pa-
per shows that such an extension has two important consequences. First, having different
costs for technology adoption across countries enables one to investigate firms behavior in
response to a change in the cost of technology adoption in one country. As discussed above,
in such a situation, reduction in the cost of technology adoption in one country makes the
other country worse off. Second, unlike the Bustos model, the analysis in this paper reveals
that globalization has a different impact on each economy: a reduction in tariffs increase
productivity and welfare, and induce exporters to upgrade their technology in the country
with lower technology adoption cost, while they can have adverse effects on these variables
in the other country.

In a recent paper, Atkeson and Burstein (2010) develop a model to analyze the welfare
gains stemming from firms’ decisions on exit, export, and process and product innovation,
in response to a reduction in transport costs. They find that the effect of changes in
these decisions on welfare is largely offset by the effect of changes in product innovation.
Their study differs from mine in several aspects. Most notably, in their model, each firm’s
productivity changes over time due to idiosyncratic productivity shocks. In my model, each
firm can improve its initial productivity only once, and this happens after paying technology
adoption costs.

In two other related papers, Falvey et al. (2005) and Demidova (2008) study the effects
of globalization on productivity and welfare in a monopolistic competition model with het-
erogenous firms and technological asymmetries. Assuming that productivity distribution in
one country is stochastically better than that in the other country, they show that falling
trade costs improve the average productivity and welfare in the technologically advanced

country while having ambiguous effects on these variables in the less-advanced one. Their



models do not include technology choice for firms, and consequently, they can not address
the interaction between technology adoption and trade as this paper does. Furthermore,
technological asymmetries in their models arise from the differences in underlying pro-
ductivity distributions across countries, whereas in this paper the underlying productivity
distributions across countries are the same and the technological asymmetries stem from
the differences in the costs of technology adoption across countries.

This paper is also related to a large number of studies about technology adoption in
industrial organization (I0) and economic growth literatures. The studies in the IO liter-
ature investigate the effects of firm size and the intensity of competition on the pace and
pattern of technology adoption when adoption cost falls exogenously over time (see, e.g.,
Reinganum, 1981; Fudenberg and Tirole, 1985; and Go6tz, 1999, among many others). Ed-
erington and McCalman (2008) extend the Gotz model to trade between two symmetric
countries, and they find that trade liberalization has a generally positive impact on the rate
of technology adoption and firm-level productivity. Since adoption costs fall exogenously
over time, firms in their model eventually adopt a new technology, and trade only affects the
rate of technology diffusion. In my model, however, adoption costs do not change over time,
and thus some firms stick to old technology forever. Furthermore, their model assumes that
firms using the same technology are identical and the adoption costs are the same across
countries. Consequently, unlike the model in this paper, their model predicts that trade
liberalization has identical positive effects on both countries.

The studies on technology adoption in the growth literature, on the other hand, mainly
focus on why adopting advanced technologies is difficult in the less developed countries
(LDCs), and they offer several competing explanations. Atkinson and Stiglitz (1969) and
Basu and Weil (1998), for example, emphasize the level of development (measured by
capital-labor ratio) in technology adoption process, while Acemoglu and Zilibotti (2001)
draw attention to the importance of the technology-skill mismatch arising from relative

supplies of skills in LDCs. In a recent paper, Romer (2010) gives several illuminating ex-



amples about how rules/institutions play key roles in adopting new technologies (see also
Parente and Prescott, 1994). This paper introduces some of these insights into the recent
literature on trade with firm heterogeneity.'

The rest of this paper is organized as follows. The next section introduces the model and
characterizes its equilibrium in a global setting. Section 3 investigates how each economy

responds to changes in technology adoption and trade costs, and section 4 concludes the

paper.
2 The Model

I consider a world of two countries with equal sizes. Each country produces a homogenous
good and a set of differentiated goods using only labor, which is inelastically supplied at its

fixed aggregate level L. Preferences are identical across countries.
2.1 Consumers

Preferences of consumers are modeled by the following utility function
U=¢ Q% 0<ac<l, (1)

where ¢q is the consumption of the homogeneous good and @) denotes the aggregate con-

sumption index defined over a continuum of products indexed by w

Q= [ /w . q(w)ﬁdw} " (2)

The variable © denotes the set of varieties available for consumption and ¢(w) denotes
consumption of brand w. The elasticity of substitution between any two brands is o =

1/(1 — p), and I assume that 0 < p < 1 so that o > 1.

'Based on the models from endogenous growth theory, a large literature investigates whether trade is a
conduit for technology diffusion across countries (see Grossman and Helpman, 1991; Keller, 2004). However,
these studies do not consider firm heterogeneity and firm-level dynamics in response to trade liberalization.
They are aimed at analyzing the effects of trade on long-run growth. In this paper, product development is
completely internalized by firms themselves and thus firms can not benefit from technologies developed by
other (domestic and foreign) producers (i.e., there is no sustained growth). Extending the current set-up to
a long-run growth model is left for future research.



Consumers spending an amount F maximize their instantaneous utility by spending
(1 — o) E amounts on the homogeneous good, and aE amounts on differentiated goods. It
is well-known that the optimal quantity, ¢(w), and expenditure, r(w), levels for individual

brands are given given by

¢(w) = Qlp(w)/PI™7,  r(w) = aBlp(w)/P]'™", (3)

where p(w) is the price of brand w, and P is the aggregate price index associated with the
aggregate consumption index @ (i.e., PQ = aF):

1

2.2 Producers

The homogeneous good is produced in a competitive market with a constant returns to
scale technology with one unit of labor producing one unit of output. The wage rate is
normalized to one so that the price of the homogenous good is also one. The homogeneous
good is further assumed to be freely traded so that the wage rates in both countries are the
same and equal to one.

Differentiated goods are produced by a continuum of monopolists, each choosing to
produce a different variety. However, each variety can be produced using either of two
types of technology, and production using low technology (denoted by ) is available to all
successful entrants. In order to produce ¢ units of output using low technology, ¢ = f+q/¢
units of labor are required, where f denotes the fixed overhead cost of production measured
in units of labor and ¢ is firm the specific productivity level.

However, firms can upgrade their technology by reducing the marginal cost of pro-
duction; but, technology upgrading (or adoption) requires an additional fixed cost. More
specifically, production of ¢ units of output using advanced technology (denoted by h) re-
quires ¢; = a;f + q/bp units of labor in country ¢, where a; > 1 and b > 1. Without loss

of generality, it is assumed that adopting advanced technology is cheaper in country 1,



i.e., a1 < as. As mentioned in the introduction, the difference in technology adoption costs
across countries can arise from the differences in the quality of institutions (which covers
rule of law, effectiveness of governance, level of corruption, etc.), the level of infrastructure,
and even human capital necessary to implement better technology.

Firms wishing to export face both variable and fixed costs. Variable costs are modeled
in the standard iceberg transport costs: for one unit of a good to arrive, 7 > 1 units of
a good must be shipped. Consistent with several empirical evidences (e.g., Tybout and
Roberts, 1997), exporting firms must pay a fixed foreign market entry cost Fj > 0, which is
measured in units of labor. This fixed cost covers the costs of setting a distribution network
in the foreign market, modifying the product to meet the foreign market specifications as
well as the costs of regulations imposed by the foreign government. The decision about
exporting happens after the firm’s productivity is revealed.

Each incumbent firm faces a constant probability of death ¢ in each period as in the
Melitz model. Having no uncertainty in the export market makes each firm indifferent
between paying a one time investment cost F;, and paying f, = 0 F; in each period. Hereafter
it is assumed that in each period exporters pay f, in addition to their overhead production
cost f or a;f.

A firm operating in country ¢ with productivity ¢ faces a demand curve described in (4).

Profit maximizing behavior yields the following price rules in domestic and foreign markets:
pian(e) = 1/(bpe),  pien(e) = 7/(bpp);
pia(p) = 1/(pp), i) = 7/ (pp)- (5)

With these pricing rules, the per-period profits earned from domestic sales, m;q, (), and

profits earned from export sales, ;. (), are given by

Tian() = rian(p)/o —aif,  Tien(@) = Tian(e)/o — fa, (6)

ma(e) = rialp)/o—f, Tizl(0) = Tiat(©)/0 — fe, (7)

where 7;4,(p) and 7., () represent the corresponding revenues obtained from sales in do-



mestic and foreign markets, respectively, and are calculated according to (3).
Furthermore, using these pricing rules in the demand and expenditure functions given

by (3) yields

aiw(e1)  (e1\7  rigle) (e ra(@) a1 Time(®) 4,
qz’jv(%)_(sﬁz) ' Tijv(802)_<902> T oriji(e) = Tido () ®)

where ¢ = 1,2; j = d,x; and v = h,l. Thus, using the same technology, a more productive
firm will have a lower price, will produce more output, and will earn a higher profit than a
less productive firm.

There is an unbounded pool of prospective and ex-ante identical entrants. Firms face
an initial investment of f. > 0 units of labor, which is thereafter sunk. Firms then draw
their initial productivity parameter ¢ from a common distribution g(-), which has positive
support over (0,00) and has a continuous cumulative distribution G. Productivity draws

are assumed to follow a Pareto distribution:

Glp)=1—¢F, (9)

where k is the shape parameter. I further assume that k& > o+ 1 so that the distribution has
a finite variance and the aggregate variables converge. The Pareto distribution has been
widely used in recent trade literature and it makes the analysis more tractable. Furthermore,
several studies have found that the distribution of firm sizes in the US closely follows a Pareto
distribution (e.g., Cabral and Mata, 2003; Helpman et al., 2004).

After entry with a low productivity draw, a firm may decide to immediately exit and
not produce. If a firm chooses to produce, it then decides which production technology to
use. Since each firm’s productivity level does not change over time, its optimal per period
profit will remain constant. Using v-type technology (v = h,l), a firm in country 7 with
productivity ¢ earns a per-period profit mi,(¢) = () + Max{0, Tizw()}. Since each
firm faces a constant probability of death ¢ in each period, the market value of a typical

incumbent is given by ViU(SO) = Wiv(%")/fs-



A firm upgrades its technology if and only if 7;, () = m;(¢). The marginal firm that is

indifferent between these two technologies is given by

T (pin) = mTin(Pin)- (10)

Thus, any firm with ¢ > ¢;; uses advanced technology. This further implies that if there
are some firms using advanced technology and serve only their domestic market, there will
be no exporting firm using low technology.?

However, using firm-level data from Argentina, Bustos (2010) shows the existence of
exporting firms using low (or old) technology. In particular, she documents that firms are
sorted into three groups: the least productive firms that use old technology and serve only
the domestic market, a middle group of firms that uses old technology and exports, and the
most productive firms that use the advanced technology and export. This classification is
assumed to hold in this paper as well.

The production cutoff level for firms using low technology is given by m;g(;) = 0 and
the export cutoff level for the firms using low technology is determined by 7. (@iz) = O.

Using these zero profit conditions together with (7) yields®

izl = Apji, (11)

where A = 7(f,/f)"/(*~1) and i,j = 1,2. Since many empirical studies have shown that
only a fraction of firms export (e.g., Bustos, 2010, among many others), it is assumed that
the trade costs are sufficiently high so that both exporters and non-exporters co-exists, i.e.,

izl > i for i = 1,2. This assumption, combined with (11), ensures that 4 > 1.

2If there are firms using advanced technology and serve only their local markets, then the firm with ¢;,
is clearly one of them. By definition, no firm with ¢ > ;5 will be using the low technology. Suppose that
there is a firm with ¢ < ¢;, such that it uses low technology and exports. Since the fixed foreign-market
entry cost is the same under both technologies, in this case, the firm with ;;, must also export. But then,
this contradicts the initial supposition that the marginal firm serves only its domestic market.

3The zero-profit cutoff conditions ensure that Tizt(Qinl) = Tlf"rjdl(goml) = ofe and rju(pj) = of.
Using (7) implies that 7jq(iz) = (@izl/gojl)”*lrjdl(goﬂ) = (@im[/@jl)oilaf. Substituting ;a1 (i) into
T a(@int) = ofs yields (11). Furthermore, (11) implies that (@1z1/911)(@2z1/02) = A% Since it is
assumed that @iz > @4, it follows that A > 1.



The productivity cutoff level for technology adoption is found as follows. Since firms

using advanced technology also export, using the profit functions (6) and (7) in (10) yields

Tidh (Pin) + Tizh(Pin) — Tia(@in) — Tizt(Pin) = (a; — 1)o f.

Using the zero-profit cutoff conditions together with ¢;,; = Apj; in the above equation

yields?
a; — 1

o—1 1
ba—l_l] o5 7+ (ro) 7] (12)

Pih = [
The technology switching cutoff level ¢;; in each country increases in the cost of imple-
menting advanced technology (captured by a;) and the production cutoff levels ¢1; and
p91. To ensure that all firms using advanced technology export, it is further assumed that
technology adoption cost (captured by the parameter a;) is sufficiently high so that the
productivity cutoff level for technology upgrading is always greater than the export cutoff
level, i.e., pi > @i for i =1,2.5
The ex-post distribution of productivity levels for successful entrants, u;, is the condi-

tional distribution of g(¢) on [y, 00) :

@
hile) = { et o> (13)
0 otherwise.

The ex-ante probability that one of these successful firms will export is given by (i, =
[1 — G(piz)]/[1 — G(pa)]. By the law of large numbers, (;; also represents the ex-post
fraction of incumbent firms that export.

Using the distribution function given by (9), the average profit of a successful entrant

in country i is (see Appendix):

- 5f_1 [1 + <J;> Cio+ (@i — V)Can| (14)

1To see this, first note that rign(@in) — mia(win) = 077" — Dria(@in) and rign(0in) — rie(@in) =
(6771 — )14 (@in). Furthermore, ria1(@in) = (0in/wi)° riai(wa) and rig(win) = (0in/@iet)” izt (Qizt)-
Using the zero-profit conditions gives (12).

5Substituting ©jl = @izt/A into (12) and using p;p > @iz > @a implies that a; > o 4+ (b"*1 —1)fz/f

10



where 3 = k/(0—1) > 1 and (;;, denotes the ex-ante probability that one of the incumbents
will adopt h-technology, i.e., G, = [1 — G(pin)]/[1 — G(pa)]-
Since the probability of successful entry is 1 — G(p;), the expected value of a firm is
[1 — G(pu)]vi, where »; = 7;/0 is the average value of a successful entrant in country i.
Setting this expected value equal to the initial fixed investment cost f. gives the free-entry
condition
7

1= Glpu)) 3 = f. (15)

Finally, it is assumed that the trade between two countries is balanced. Let 6; denote the
fraction of labor working in the differentiated good sector in country 7. Since the homoge-
neous good is produced under constant returns to scale at unit cost, the amount produced
in country 1 is (1 — 6;)L. Then (1 — 6;)L — (1 — «)Ey represents the net export of the

homogeneous good to country 2. In the balanced trade:
Riy— Ry +(1—-01)L — (1 —a)E; =0, (16)

where R;; is the aggregate revenue earned by firms in country ¢ from exports. Since the
world expenditure on the homogeneous good equals the world income generated in this

sector, it follows that

(1 — a)El + (1 — a)EQ = (1 — 91)[1 + (1 — 92)[1 (17)

2.3 Equilibrium Analysis

Substituting (14) into the free-entry condition (15) and using (12) yields

o—1 _ 1\p _
eu' + (o D) (Apa) ™ + H [0} + (roa)' ) = (mfl)f (18)
o—1 _ 1\0 -
ea" + (o) F)(Apu) ™ + W (047 + (o))" = mfl)f (19)

where again 3 = k/(c—1) > 1. Equations (18) and (19) represent a system of two equations

with two unknowns ¢1; and ¢9;. Note that the country size L does not appear in any of
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Figure 1: Characterization of the solution.

these equations. Moreover, each of the above equations represents an inverse relationship
between ¢q; and pq.

There is a simple and intuitive way to characterize the solution to the above system. To
this end, consider a completely symmetric case by setting a; = ag = a. Equations (18) and
(19) represent two curves in (1, p2) space, and these two curves intersect each other at the
45-degree line so that @1 = o = ;.5 At the intersection, the (negative of the) slope of
the first curve is greater than the second curve’s as depicted in Figure 1.7 When technology
adoption is cheaper in country 1, the first curve will be on the right of the original curve
as shown by the dashed-curve in Figure 1. Hence, in the new equilibrium, the production

cutoff level in country 1 is greater than that in country 2, i.e., p1; > 9.

%Recall that the Pareto distribution given by (9) is defined over [1, 00). Thus, the production level in each
country can not be smaller than 1.

"Totally differentiating (18) and then using p1; = o = ¢ yields |dpar/dpu| = 77711 +7)/(A*7F + ),
where A =771 f,/fand v = (b ' = 1)[(b" " = 1)(1+7"77)/(a—1)]""'. Since 7 > 1 and A > 1, it follows
that |dgai/dp1;| > 1. Similarly, totally differentiating (19) yields |dypa; /dp1| = (AY™F 4++) /777 (1 +v) < 1.

12



The complete characterization of the solution requires that the above two curves must
intersect with each other. For a given as, let ¢1;(a2) denote the solution to equation (19)
when 9 = 1. Similarly, let p9;(a2) denote the solution to equation (19) when ¢1; = 1. With
these boundary values, let a;(az) denote the solution to equation (18) when (¢1;, 21) =
(p1(az),1). Note that if a1 < ai(ag), the first curve will not intersect the second one,
and hence, there will be no solution to the above system. Similarly, let a;(a2) denote the
solution to equation (18) when (17, v21) = (1, p2(a2)). If a1 > a;(az), the first curve will
not intersect the second one, and hence, there will again be no solution to the above system.

Thus, the two curves intersect each other only if
ay(az) < a1 < araz). (20)

The above condition states that the difference in technology adoption costs between
two countries should not be too large. This condition is assumed to hold so that there
is no complete specialization in production of differentiated goods in any country. Note
that when a; < a;(a2), the differentiated goods will be produced only in country 1. When

ay > ai(az), country 2 will specialize in production of differentiated goods.

Proposition 1. Suppose that the condition in (20) is satisfied and a1 < az. The system of

equations represented by (18) and (19) has a unique solution (11, 21) such that 1 > .

The intuition behind this result is as follows. Firms using advanced technology have
higher operating profits due to a lower marginal cost of production. Consequently, cheaper
technology adoption in country 1 increases the incentive for firms to adopt advanced tech-
nology. Furthermore, higher potential returns from using better technology also induce
entry of more firms in country 1. Increased demand for labor by firms adopting advanced
technology and the new entrants bids up the real wage in country 1 more than that in
country 2, and hence, more firms with low productivity exit in country 1.

Once the production cutoff levels are determined, one can solve for the remaining en-

dogenous variables. Since p1; > @9, equation (11) implies that p1,; < @a41, which in turn

13



implies that the ex-post fraction of incumbents that export in country 1 is greater than
that in country 2, i.e., (15 > (2,. Since the real wage is higher in country 1 (as discussed
above), the aggregate price index in country 1 will be smaller than that in country 2 (recall
that nominal wage is normalized to one). It follows that competition in country 1 is more
intense than that in country 2. As a result, the export cutoff level for firms in country 1
will be lower than that in country 2.

Since adopting advanced technology is cheaper in country 1 than country 2, one can
reasonably expect that the cutoff level for technology switching in country 1 is smaller than
that in country 2. As shown in the appendix, this is indeed the case. This, combined
with ¢1; > 97, implies that the ex-post fraction of successful entrants that use advanced
technology in country 1 is greater than that in country 2, i.e., (15 > (op. The following

corollary summarizes these results.

Corollary 1. Suppose that condition (20) is satisfied and a; < ay. In equilibrium, the export
and technology switching cutoff levels in country 1 are smaller than the corresponding cutoff
levels in country 2 (i.e., Q14 < w2z and o1, < wap). Furthermore, the ex-post fraction of
firms that export and the ex-post fraction of firms that adopt advanced technology in country

1 are greater than those in country 2 (i.e., (1z > Caz and (1, > Cop ).

To find the aggregate expenditure F;, I consider the steady-state case in which the per-
period flow of successful entrants must be equal to the flow of incumbents who exit the
market: [1 — G(¢)|Mie = 6M;, where M, is the mass of entrants in country i. Then the
aggregate amount of labor employed by prospective entrants is L;e = Mie fie = M, fie/[1 —
G(pa)] = M;7;, where the last equality follows from the free-entry condition (15). Thus the
aggregate amount of labor devoted to R&D in each country equals the level of aggregate
profits earned by all producers in that country. By the labor market clearing-condition,
Lo+ L,+ L, = Lo+ L, + 11 = L, where Ly and L, denote the total amount of labor
employed in the production of homogeneous and differentiated goods, respectively; and II

is the level of aggregate profits earned by all differentiated-product producers. Furthermore,

14



the total spending on all goods must be equal to the total income E; = wLo+wLy+wL, = L,
since the wage rate is normalized to one.

Using EF = L, the welfare per worker in each country is found as follows. Since the
price of the homogeneous good is one, it follows that g0 = (1 — a)E; = (1 — «)L. The
total expenditure on differentiated goods is P;(); = aF; = alL, and thus Q; = aLPi_l.
Substituting these into the utility function given by (1) implies that the welfare per worker
in country i is W; = (1 — a)lfo‘ocaPi_O‘. The aggregate price index P; can be pinned down
from the zero profit condition: r;q(s) = aL(ppyP;)° ! = o f. Substituting P; into welfare

per worker function yields
Wi=(1-a)'"*(ap)*(aL/o )T 4. (21)

Thus per capita welfare increases in country size L and the production cutoff level ;;,
and decreases in the fixed overhead cost f. Furthermore, W7 > Wj, since ¢q; > @9 from

Proposition 1.

Proposition 2. Suppose that condition (20) is satisfied and ay < az. In the steady-state

equilibrium, the welfare per worker in country 1 is greater than that in country 2, i.e.,

Wy > Wa.

What is the pattern of the trade between these two countries? The crucial point here
is that the existence of a freely traded homogeneous good can make the aggregate revenue
earned by the differentiated-good sector differ from the aggregate expenditure on the dif-
ferentiated goods, i.e., R; # aL. The following proposition characterizes the pattern of the

trade between these two countries, when trade is balanced (see Appendix for proof).

Proposition 3. Suppose that condition (20) is satisfied and a1 < ag. In the steady-state
equilibrium, country 1 exports only differentiated goods, whereas country 2 exports both

homogeneous and differentiated goods.

Since the fraction of firms that adopt advanced technology is higher in country 1, and

using the advanced technology generates higher profit, the average profit and revenue of a
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successful entrant is higher in country 1.8 This makes the differentiated good sector more
attractive in country 1, as prospective firms respond to higher average profit opportunities.
In equilibrium, the aggregate revenue earned by differentiated-good producers in country
1 will be higher than that in country 2, i.e., Ry > Rs. Given that the total spending in
each country is L, the finding R; > Ro further implies that the revenue earned by the
firms that produce the homogeneous good in country 1 is smaller than that in country 2.
Since consumers in both countries love varieties and the trade is balanced between these
countries, country 1 must export differentiated goods and import the homogeneous good;

while country 2 must export both the homogeneous and differentiated goods.

3 Comparative Statics

The previous section has shown the country which has a lower cost of technology adoption
is better off: it has a higher average productivity (by having higher production productivity
cutoff level), uses (on average) better technology (by having a higher fraction of firms that
use advanced technology), and has a higher welfare per worker. In this section, I will
investigate how these endogenous variables respond to changes in the costs of technology

adoption and trade.
3.1 Change in the Cost of Technology Adoption

Suppose that both countries are in their steady-state equilibrium as described in the previous
section. To make analysis more interesting, consider a reduction in the cost of technology
adoption in country 2. As shown in Figure 2, the curve associated with country 2 will
shift upward and intersect country 1’s curve at point B. Thus, the production cutoff level
decreases in country 1, while increasing in country 2. Using equation (11), it follows that the
export cutoff level increases in country 1 and decreases in country 2. These, combined with

the corresponding changes in the production cutoff levels, imply that the ex-post fraction

8More precisely, using ¢1; > @o; in the free-entry condition (15) implies that the average profit (and
hence, the average revenue) of a successful entrant in country 1 is higher than that in country 2.
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Figure 2: Effects of a decline in as on the productivity cutoffs.

of firms that export decreases in country 1, while increasing in country 2.

How about the effects of this reduction on the cutoff levels for technology adoption
in both countries? As shown in the appendix, such a reduction increases the technology
switching cutoff level in country 1, while decreasing it in country 2. Thus, the fraction of
firms that adopt advanced technology decreases in country 1, while increasing in country 2.

Since the welfare per worker increases in productivity cutoff level y;;, the welfare per
worker decreases in country 1, while increasing in country 2. Completely opposite results
will hold, if there is a reduction in the cost of technology adoption in country 1. The

following proposition summarizes these results.

Proposition 4. Suppose that condition (20) is satisfied and a1 < az. A reduction in the
cost of technology adoption in one country increases the production cutoff level, the ex-post
fraction of firms that export, the ex-post fraction of firms that adopt advanced technology,

and the welfare per worker in this country; while decreasing the production cutoff level,
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the ex-post fraction of firms that export, the ex-post fraction of firms that adopt advanced

technology, and the welfare per worker in other country.

A reduction in technology adoption cost in country 2 enables more firms in this country
to upgrade their technology. This, combined with entry of more firms in response to higher
potential returns from using advanced technology, increases the demand for labor, and thus
bids up the real wage in this country. A higher real wage intensifies competition and forces
the least productive domestic and foreign firms to exit. Tougher competition in country 2
also induce some foreign firms to switch back to old technology due to the fact that they
can not cover their adoption costs with a reduction in their export revenues. The demand
for labor falls in country 1 as firms stop exporting or switch back to old technology. The
decline in demand for labor in country 1 lowers the real wage and induces some of the least
productive firms to enter the market, and hence, the production cutoff level decreases in
country 1.

As stated above, tougher competition in country 2 forces some foreign firms to exit this
country. Hence, the export cutoff level for firms in country 1 increases. On the other hand,
since the competition in country 1 is not as tough as before, firms in country 2 now find the
access to country 1 easier, and thus the export cutoff level for firms in country 2 decreases.

When the cost of technology adoption decreases in country 2, it becomes easier for firms
to adopt advanced technology. It intuitively follows that the technology switching cutoff
level will be lower in country 2. Recall that a firm upgrades its technology if the additional
profits obtained from using advanced technology are not less than its investment cost (see
equation (10)). There are two competing effects in country 1. On one hand, since the
competition in country 1 is not as tough as before, each firm’s revenue increases (see the
revenue function in (3)). On the other hand, since all firms using advanced technology
are exporters and the competition in country 2 is now tougher, their export revenues from
country 2 decline. Increased revenues in the domestic market will not be high enough to

overcome the decline in their export revenues due to the existence of the new inefficient
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domestic firms and the new exporters from country 2. Such firms find that the total profit
obtained from domestic and export sales is not enough to cover the technology investment

cost; and consequently, switch back to using low technology.
3.2 Trade Liberalization

This section studies the effects of trade liberalization through a reduction in transportation
costs on productivity, welfare, and technology choice in each country. According to the
equilibrium conditions given by (18) and (19), a reduction in the transportation cost
shifts both curves to the right. Since technology adoption costs differ across countries, such
a reduction is expected to have a different effect on production cutoff level in each country.
As formally shown in the appendix, reduction in 7 always increases the production cutoff
level in country 1 (where technology adoption is cheaper), while it can increase or decrease
the production cutoff level in country 2 as depicted in Figures 3.a and 3.b.

According to equation (11), a reduction in the transportation cost 7 affects the export
cutoff level through A = 7(f,/f)(~1) and @ji- Reduction in A always dominates the
ambiguity in @9; so that the export cutoff level declines in country 1. However, the decline
in A may not be high enough to overcome the rise in ¢7;. Consequently, the export cutoff
level in country 2 may increase (see Appendix). These, combined with the changes in
production cutoff levels, imply that the ex-post fraction of firms that export increases in
country 1, while it can increase or decrease in country 2.

The effects of this policy on technology choice in each country are similar to its effects on
the export cutoff levels: the technology switching cutoff level in country 1 (p15) decreases,
whereas it can increase or decrease in country 2. Thus, the ex-post fraction of firms that
adopt advanced technology in country 1 increases, while that in country 2 can increase or

decrease.

Proposition 5. Suppose that condition (20) is satisfied and a1 < ag. Trade liberalization

through a reduction in transportation cost T increases the production cutoff level, the ex-post
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a.Productivity cutoff increases in country 2.
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Figure 3: Effects of a reduction in 7 on the productivity cutoffs.
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fraction of firms that export, the ex-post fraction of firms that adopt advanced technology,
and the welfare per worker in country 1; while it has an ambiguous effect on these variables

m country 2.

Bustos (2010), based on a symmetric model, finds that a reduction in the transportation
cost increases the production cutoff level, the ex-post fraction of firms that export, the
ex-post fraction of firms that adopt advanced technology, and the welfare per worker in
both countries. The above proposition states that when countries have different technology
adoption costs, the country where technology adoption is more expensive can be hurt as a
result of trade liberalization. As briefly discussed in the introduction, the different effects
of falling variable trade costs on these countries stem from the asymmetry in the degree of
competition in two countries created by this policy.

Intuition for these results is simple. Further exposure to trade provides new profit
opportunities to the more productive firms. The profit opportunities from export markets
induce entry of more firms and create incentives for the more productive firms to export
and/or adopt new technology. Since technology adoption is cheaper in country 1, the
demand for labor by the more productive firms and the new entrants is higher in this
country. Increased demand for labor bids up the real wage, intensifies competition, and
forces the least productive firms to exit.

Exporters from country 2 face two competing forces. On one hand, a reduction in 7
directly increases the revenue from export sales (see the revenue equation (3)). On the other
hand, tougher competition in country 1 reduces each firm’s revenue obtained from sales in
this country (see again the revenue equation (3)). If the direct effect of a reduction in 7
dominates the second effect, then trade liberalization provides new profit opportunities to
firms in country 2, which in turn increase the demand for the labor in this country. As in
country 1, a higher wage rate forces the least productive firms to exit country 2, and hence,
the production cutoff level in country 2 increases. However, if the second effect is dominant,

then some foreign firms exit country 1, since their operating profits now can not meet the
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foreign market fixed entry costs. A fall in the demand for labor by the exporters in country
2 lowers the real wage, makes competition less intense, and induces the least productive
firms to enter the market. As a result, the production cutoff level decreases in country 2.

Since the new profit opportunities induce more firms in country 1 to export, the export
cutoff level decreases in country 1. Tougher competition in country 1 reduces revenues of
all firms in this country. However, in equilibrium, additional profits obtained from the sales
in country 2 are high enough to cover the losses from the sales in the domestic market. The
net positive increase in the overall profit enables some more productive firms to upgrade
their technology and thus the technology cutoff level in country 1 also decreases. Since
further exposure to trade may not provide new profit opportunities for firms in country 2,
it has an ambiguous effect on the export and technology cutoff levels.

Before closing this section, note that trade liberalization can also happen through a
reduction in the foreign market entry fixed cost f,. An inspection of (18) and (19) reveals
that lowering the fixed entry cost f, shifts both curves to the right as in the previous case
depicted in Figures 3.a and 3.b: the production cutoff level increases in country 1, while
that in country 2 can increase or decrease. However, the effects of this policy change on
the technology cutoff levels are different from the previous case. In particular, a reduction
in the fixed entry cost f, increases the technology switching cutoff levels in both countries
(i.e., dpin/dfz < 0).2 These results do not hinge on the asymmetry in technology adoption
costs across countries. Even when countries face the same costs, lowering f, increases the
technology cutoff levels in both countries (as is evident from equation (8) in Bustos, 2010).

As in the previous case, a reduction in f, still intensifies the competition in country 1,
and thus each firm’s revenue from sales in this country declines. However, for some firms the
profit obtained from the export market is not high enough to overcome the loss in domestic
sales. Consequently, some firms switch back to old technology in country 1. Similarly, for

some firms using advanced technology in country 2, declines in their profits from the sales

9The formal proofs of the above claims are available upon request.
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in country 1 dominate the changes in their profits in domestic market; and thus, they also

switch back to old technology.

4 Conclusion

This paper has incorporated technology adoption choice in a model of trade with hetero-
geneous firms. There are two countries and the costs of adopting advanced technology are
different across countries. Firms, upon observing their productivity levels, decide which
technology to use and whether or not to export. The paper has then analyzed the interplay
between technology adoption and trade liberalization. In particular, it has investigated how
firms respond to the following two changes: (i) a decline in the cost of technology adoption
in one country, and (ii) trade liberalization through a reduction in transport costs.

The analysis has shown that a decline in the cost of technology adoption in one country
makes this country better off in the sense that it increases the production cutoff level, the
ex-post fraction of firms that export, the ex-post fraction of firms that adopt advanced tech-
nology, and the welfare per worker; while making the other country worse off. Furthermore,
because the costs of technology adoption differ across countries, trade liberalization has a
different effect on each economy. In particular, a fall in the variable trade cost makes the
country with lower technology adoption cost better off, while having an ambiguous effect
on productivity, technology choice, and welfare in the other country.

In this paper, firms are heterogenous with respect to their productivity levels. Several
empirical studies have also documented firm heterogeneity in the form of product-quality.'°
Some recent papers have developed trade models based on firm-specific quality heterogene-
ity to study the effects of trade liberalization on the pattern of export prices and quality
distributions (see, e.g., Baldwin and Harrigan, 2007; Kugler and Verhoogen, 2008; and
Dinopoulos and Unel, 2009). One interesting direction is to incorporate quality heterogene-

ity along the lines of Baldwin and Harrigan (2007) into the present model. My preliminary

0For example, Schott (2004), Hummels and Klenow (2005), Hallak (2006), and Manova and Zhang (2009)
among many others.

23



analysis in this direction suggests that a decline in the cost of technology adoption in one
country increases the average quality, improves the welfare, and induces firms to adopt
advanced technology in this country; while having opposite effects on these variables in the

other country.
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Appendix

A. Calculations of the average revenue and the average profit

The average revenue of a successful entrant is given by

= [ ra@nede+ [ rale) + rueNutoide+ [ lrante) + r@lute)ds,

which can be rearranged as
Pih &) Pih [e’e)
i = / ria (@) p(p)de + / rian()dp + / rizt(P)p(p)dp + / rizh(P)p(p)de. (22)
@il Pin Pial Pin
The sum of the first two terms on the right hand side (RHS) represents the average revenue
earned from domestic sales (7;4), while the sum of the last two terms on the RHS represents
the average revenues earned from sales in the export market (7;;). Using (8) together with
the Pareto distribution given by (9), 74 is given by

ih o—1 o0 o—1
Tig = of i <(p> u(@)dswrfff/ b7 <(p> p(p)de
)

Pil il in Pil

<§‘if1> L4 (L= 1) (wihy_l_k] : (23)

Wil
where § = k/(c — 1) > 1. Using similar steps, it follows that

©Pih SO o—1 o0 ()0 o—1
Fie = fo/ ( : > M(so)dsoJrafx/ b7t <> pu(p)de
P Pixl Pih Pil

ixl o
() ot ()]

Substituting (23) and (24) into (22) yields

w e () e |(2) e () ()]

= (Bﬁafl) [1+ (fo/ [)Giz + (@i — 1)l (25)

where the second equality follows from ¢;,; = Agj and (12). Using the profit functions
in (5) and (6), one can easily show that the average profit is given by 7, = 7;/(03) =

(14 (fz/f)Ciz + (a;i — 1)Gn]f/(B — 1) as in equation (14). O
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B. Proof of Corollary 1

The first part of Corollary 1 is shown in the text. To prove the second part, first note that

substituting the average profit function (14) into the free-entry condition (15) yields

0"+ (Fo/ AR + (ai = Vgt = (8 - V) fe/ f. (26)

Setting ¢ = 1, 2 (and hence, j = 2, 1), the above equation yields a system of two equations.

Subtracting these two equations side by side and rearranging terms yields

(1= A fo ) )05 — 07 + (a2 — Dyt — (a1 — Dyt = 0.

Since k > o — 1 and 7 > 1, it follows that A* > A°~! = 79=1f /f > f./f and thus
1—A7%f./f > 0. In addition, using ¢1; > 9 ensures that (1 — A_kfx/f)(gog_lk — cpl_lk) > 0.

Thus, the above equation implies

Pon
P1h

k

a2—1

> > = QYan > Pih,
a1—1

(@1 - Vit > (a2 = Vet = (
where the last inequality follows from as > a;. Finally, combining the last inequality with

(11 > wor implies that (i > (op. O

C. Proof of Proposition 3

R;; = Tix M; where 7, is given by (24) and M; is the mass of varieties produced in country
i. Since 6; is the fraction of labor used in the differentiated-good sector in country ¢, it
follows that 7 M; = R; = 6;L and thus M; = 6;L/7;. Then the balanced trade condition

(16) becomes
Fizf1  Toxb

— — +a—60,=0, (27)
1 T2

where we use E; = L. Furthermore, substituting F; = L in equation (17) implies that

01 + 0 = 2av, i.e., O3 = 2a — 0;. Inserting this into (27) and rearranging the terms yields

glza[HM]

— 21— 22
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where z; = 7, /7;. Thus, to show that 1 > « (which ensures that 6; > 65), it is enough to
prove that z; —z0 >0 and 1 — z; — 29 > 0.

Note that the average revenue function (25) implies that 7 /7o = (¢1;/92)¥. Using this
in z; — z9 > 0 implies that Lpl_lkflw > <P2_lkf2z- Substituting (24) into this last inequality

yields

oc—1-k o—1—k
—k o— —k P1h —k o— —k P2h
Pl + (b t- 1)¢1$l < > > Yozl + (b t- 1)s02:cl < > :
P1al P21

Since 15 < @aq1, it follows that gol_xkl > gogxkl Thus, to prove that z; > zo, it suffices to

show that

Since op, > p1p and Y14 < Yaq1, the last inequality always holds (recall that k+1 > o > 1).

Note that 1—2z71—29 = Fld/fl—fgz/Fg. Thus, 1—2z1 —29 > 0 if and only iffld/ng > 771/72.
Using 71 /72 = (¢1;/¢21)F together with 714 and 79, given by (23) and (24) implies that

1 — 21 — 29 > 0 if and only if

L+ (71— 1) (S"m)a_l_k S <fx> ( P >k F 7 ) <fa:> ( Q1 )k <802h )U_l_k
P [ \¥2a [ \¥2a P2l '

Substituting 9, = Ay into the above inequality yields

o—1—k o—1—k
L+ (7t =1 <%> > (‘f"”) AR @t -1t (9"%> .
L f o1

Since A* > A°~1 > f,/f, it follows that (f,/f)A™* < 1. Furthermore, @y, > ¢1; and

7179 < 1 imply that cp‘lrh_l_k > Tlfgwg}jl_k. O

D. Proof of Proposition 4
Without loss of generality, assume that there is a reduction in as as in the main text. The
results related to production and export cutoff levels easily follow from Figure 2 and the

discussion in the text. To show that dyij/das < 0, consider equation (12) with (4,75) =
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(1,2). Taking logarithms of both sides of this equation and differentiating with respect to

dey [ a1 —1 ou\ dewn 1 o (eu\’ doy
_ hat) _pleo (P A (28)
das bl —1) \ew/) day po ) dag

Setting ¢ = 1 and differentiating the equilibrium condition (26) with respect to ag yields

as yields

1k deu —1-k e —1-kdp1n
P b () AT (- DR o, (29)

Substituting (28) into (29) and rearranging terms yields

1 1-37 dorp 0T, dpay
- Clz

bo-1 1 + G das (a3 — 1)@‘27[ day’

where (7j is the ex-post fraction of firms that adopt advanced technology, (i, is the ex-
post fraction of firms that export, and f = k/(c — 1) > 1. Given that 0 < (1, < 1 and
0 < (1p < 1, the sign of the bracket on the RHS is always positive. Since dpg;/das < 0, it
follows that dpyp,/dag < 0.

I will follow similar steps to prove dyap/das > 0. Consider now equation (12) with

(i,7) = (2,1). Differentiating this equation with respect to ag yields

dey [ az—1 0\ doan 1 o [\’ dey 050917
— 2 —r = — : (30)
das bt —1) \pan) day ou/) daz (o —1)(°"1t—1)

Setting ¢ = 2 and differentiating the equilibrium condition (26) with respect to ay yields

—1- kd%p?l —k, —1-kdpu _1 k dpan <P2_;f
P + (fa/F)A "0y Tm+( az — 1), iy - =0. (31)

Substituting (30) into (31) and rearranging terms yields

1 dpan,  TVO08, [ Clﬂ dpry ©2h B 1-5
- S2¢

bo—l — C% das  (az — 1)¢9, day ~ (az—1)k b1 —1 T Can

Given that 0 < (o, < 1, the sign of the first bracket on the RHS is always positive. This,

combined with dpy;/das > 0, ensures that dpsp,/dag > 0. O

E. Proof of Proposition 5

Differentiating (12) with respect to 7 yields

d@zh (bgil - 1)902‘7}" —0 dsoll 1— —0 d@]l — 1—0
= o _T= - T . 32
dr a; — 1 Pil dr T dr T (32)
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Differentiating the equilibrium conditions (26) with respect to 7 and using (32) together

with @, = Ay yields

deil wi |7 deji o 17
—— + 7B —= + Bipji =0, (33)
dr TY;jI dr TY;jI

where B; is defined as
—f— — —k—
PO T Uit (34)
;= L.
N (D DI

Since ;1 > @y and k > o — 1 > 0, it immediately follows that B; < 1. Setting ¢ = 1, 2

(and hence, j = 2,1), (33) yields a system of two equations, which yields

dp By — (to11/ o) ! 1-20

dr = 1_ BlBQT2(170) Bl@llT ’ (35)
dpyy Bi — (o /eu)° ! 1-2
R e ke 30)

Since B; < 1 and r2(-0) 1, it follows that 1 — By By12(1=9) > (. The numerator of the
first expression in the bracket on the RHS of (35) is negative, since ¢1; > @9 and By < 1.
Thus, dpy;/dr < 0. However, since By < 1 and @9 < ¢q;, the sign of (36) is ambiguous,
i.e., dpy/dT 2 0.

Differentiating ¢1,; = Apg; with respect to 7 and using (36) yields

de1s @1 [1— Ba(pa/Tou)7 !
= >0,
dr T 1 — By By7r2(1-0)
where the inequality follows from Bs < 1 and @9 < ¢q;. Similarly, differentiating @9, =

Ay with respect to 7 and using (35) yields

)071

dpag _ P2 [1 — Bi(pu/Tou

2 0.
dr T 1 — By By72(1-0) } <

Finally, substituting (35) and (36) into (32) and rearranging the terms yields

R L R T 7711 = By(m/Tou) " 1 B]>0
o1p dT a; — 1 TP 1 — By Byr2(1-0) ! ’
T odoan _ [07N 17 [ o 7711 = Bi(pu/Ten)" 1By 20
oo, dT as — 1 TP 1 — By Byr2(1=0) A=

where the inequalities follow from B; < 1 and @9 < ¢1;.
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