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Abstract

This paper studies the impact of a regional freddragreement, MERCOSUR, on technology
upgrading by Argentinean firms. To guide empirigadrk, | introduce technology choice in
Melitz's (2003) model of trade with heterogeneous$. The joint treatment of the technology
adoption and exporting choices shows that the asaén revenues produced by trade integration
can induce exporters to upgrade technology. An eaapitest of the model reveals that firms in
industries facing higher reductions in Brazil’siffar increase their investment in technology
faster. The effect of tariffs on entry in the exporarket and technology adoption is highest in

the upper-middle range of the firm size distribatias predicted by the model.
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1. Introduction

Trade liberalization can increase productivity lglucing a better allocation of production
factors or the adoption of more advanced technedihe recent trade literature [Melitz (2003),
Bernard, Eaton, Jensen, and Kortum (2003), Pav¢gd02) and Tybout (2003)] has
emphasized the first channel: trade integratiofiaeses market shares towards exporters, the
most productive firms, increasing aggregate praditgt In this paper | show that, in addition,

the resulting increase in revenues can induce &qsaio invest in new technologies.

| study the impact of a regional free trade agrednun technology upgrading by
Argentinean firms. To guide empirical work, | intiece technology choice in a model of trade
with heterogeneous firms. In the model, more petiga firms make higher revenues, thus are
the only ones that find paying the fixed costs mee the export market profitable, like in
Melitz's (2003). In addition, only the most prodivet firms adopt the most advanced technology.
This is because the benefit of adoption is propodi to revenues, while its cost is fixed. In this
setup, a bilateral reduction in tariffs increasepogt revenues more than it decreases domestic

revenues, inducing more firms to adopt the newrteldgy.

| test the model in the context of a regional traderalization episode: MERCOSUR. |
directly estimate the impact of the reduction irmBl's tariffs on entry in the export market and
technology upgrading by Argentinean firms. Braziiariffs provide a good source of arguably
exogenous variation, as they fell from an averag2986 in 1991 to zero in 1995, and varied
extensibly across industries. Indeed, a look attigregate data suggests that MERCOSUR had
a strong impact on Argentina’s exports: between2188d 1996 exports to Brazil quadrupled

while exports to the rest of the world increasely @9%.

The firm-level panel data set | analyze is uncomnmothat it contains direct measures
of spendingin several dimensions of technology, namely coms,tsoftware, technology
transfers, patents and innovation activities penfedt within the firm like R&D' This permits
to build a direct and comprehensive measure ofsimvent in technology instead of relying on

the estimation of residuals from the productionction as proxies for the level of technology.

! In addition, the survey contains a series of domstasking whether the firm performed a certaitegary of
innovation or improvement in products or productfmocess during the period 1992-1996 that | uspetdorm
robustness checks.



In a first analysis of the data | check whether gbging pattern predicted by the model
is consistent with the observed differences betveegorters and non exporters operating in the
same industry. In the model, underlying producyidtfferences produce a sorting of firms in
three groups: the most productive firms both exmortl use the advanced technology, the
intermediate group exports but still uses the etthhology and the least productive firms use the
old technology and serve only the domestic matkeeed, in 1992 exporters had, on average, a
higher level of spending in technology per workeart non exporters in the same industry. The
model also predicts that during the liberalizatimeriod both old and new exporters upgrade
technology faster than non exporters, which is icovefd by the data. In particular, new
exporters were not more technology intensive than axporters before liberalization, but
upgrade technology faster as they enter the expariket during the liberalization period.

The patterns in the data described above showtlibat is a coincidence between entry
in the export market and technology upgrading luhdt provide an answer to the question of
whether trade liberalization induced firms to adoptv technologies. Indeed, both entry in the
export market and technology upgrading could beedly other economic reforms undertaken
in the same period if these had heterogeneoust®féet firms with different characteristits.
Then, a second step in the empirical analysis ati®ho establish causality by linking exporting
and technology adoption directly to the reductiorBrazil’s tariffs for imports from Argentina.
Note that this is a direct test of the model whaoth the decision to enter the export market and
to adopt a new technology are endogenous, andathwsction of tariffs.

The model predicts that in industries where taffdié more, both the productivity cutoff
to enter the export market and to adopt the nehnigogy fall more. Then, to asses the impact
of falling tariffs on the export decision | estiraahe change in the probability that a firm enters
the export market as a function of the change ewBs tariffs at the industry level. | find that
firms in sectors with a higher reduction in tariffiee more likely to enter the export market. The
average reduction in tariffs (24 percentage poimsjeases the probability to enter the export

market by 10 to 12 percentage points.

2 For example, capital account liberalization coudtye made credit available for middle sized firfsveng them
to enter the export market and upgrade technology.



Next, to asses the impact of falling tariffs on teehnology adoption decision | estimate
the change in spending in technoldgy a function of the change in tariffs. | find tHians
increase their spending in technology faster irustdes where tariffs fall more. The average
reduction in Brazil’s tariffs increases spendingi@chnology by 0.20 to 0.28 log points. | find
that the reduction in tariffs has a positive effeicthe same magnitude on old and new exporters,
as suggested by the within industry patterns irdtita reported above.

Finally, | test the model’s prediction that tha¢ tteduction in tariffs induces firms in the
middle range of the productivity distribution totenthe export market and upgrade technology,
but should not affect firms in the lower and uppanges of the distribution. | find that the
reduction in Brazil's tariffs had a stronger effemt both entry in the export market and
technology upgrading in thé“3juartile of the firm size distributichThe estimated effects on
the 3% quartile are about double the size than the aeeeéfgcts for all firms reported above.

The empirical identification of the effect of fald export costs on entry in the export
market and technology upgrading is based on a gkredl differences and differences
estimation, where the sources of variation arectienges in Brazil's tariffs for imports from
Argentina across time (1996 - 1992) and acrossg#-8iC industries. Note that, as
MERCOSUR mandates that tariffs fall to zero iniatlustries, | relatehangesin technology
spending to the initidlevel of Brazil's tariffs. The focus on changes in teclogy differences
out time-invariant industry characteristics thaghtibe correlated with Brazil's tariffs. The use
of the initial level of Brazil’s tariffs minimizeseverse causality concerns. Still, a main potential
problem is that other reforms carried out in thensgperiod could have had heterogeneous
effects on industries with different characterisfi¢ address this concern by showing that results
are robust to controls for industry trends at theigt-SIC dissagregation level and the likely
determinants of Brazilian trade policy: skill, cebiintensity and the elasticity of demand of the
industry at the 4-digit SIC dissagregation level.

¥ As measures technology | use spending in techgplsgending in technology per worker and spendmg i
technology over sales, all produce similar results.

*| use initial firm size measured as employmenatie¢ to the 4-digit-industry mean in 1992 as axgréor
productivity, as the survey does not provide foamges of value added nor a long enough serigs/e§iment that
would permit to calculate productivity as a residefaan estimated production function.

® For example, capital account liberalization colwtve benefited capital-intensive industries dispropnately. If
Brazil's trade policy was also targeting these Btdy characteristics, the estimates of the effe€tariffs might
pick up the impact of this other policy.



The model developed in this paper builds on annsxte theoretical literature analyzing
the effects of trade on technological chahde particular, it was inspired by the insight tkat
reduction in trade costs increases the share wisfithat export and use the most advanced
technology in Yeaple (2005). The model | presefi¢id from Yeaple’s in that heterogeneity in
exporting and technology choice is the result ofarte heterogeneity in productivityfo my
knowledge, the model presented in this paper is fite# to show that when firms are
heterogeneous the presence of fixed technologyt@toposts implies that the trade-induced
reallocations of market shares towards exportensimduce them to upgrade technology. This
differential feature of the model is important taerpret the empirical findings reported above:
the reduction in tariffs induced technology adoptimostly the % quartile of the firm size
distribution, and not only new exporters but algm$ that were already exporting upgrade
technology when variable trade costs fall.

The empirical work presented in this paper is eglab the literature that analyzes the
guestion of whether export market participation agsositive impact on productivity. The first
studies by Clerides, Lach and Tybout (1998) folo@ia, Mexico and Morocco; and Bernard
and Jensen (1999) for the U.S. find that expoerge higher productivity than non exporters,
but this is because ex-ante more productive firetine exporters, while there are no effects of
exporting on productivity. Instead, recent papershis literature like Van Biesebroeck (2005)
and De Loecker (2007) find increases in produgtigiter firms enter the export market in lvory
Coast and Slovenia, respectively. This paper iffeom this literature in that the outcome of
interest is technology instead of productivity; ahdt it analyzes the effect of bilateral trade
liberalization on technology adoption, not the effef exporting.

The focus on investment in technology as the oué&ominterest has the advantage of
isolating a particular mechanism through which fipreductivity can improv&. Earlier studies

® Grossman and Helpman (1991) provide a compreherminadysis of the effects of economic integration on
innovation and growth; Eaton and Kortum (2001)cdss the effect of lower barriers to trade on iratimn, in
particular, in their baseline model the effect dbigger market size is counteracted by the inck@senpetition
with technologies embedded in imports, so thatlieeno effect of lower barriers to trade on inrnaa

"In Yeaple (2005) all firms are ex-ante homogengbus in equilibrium all firms are indifferent bede@n entering
the export market and adopting the new technolageoving only the domestic market and remainiriggithe old
technology.

A similar approach was followed by Verhoogen (2008 develops a model where increased trade witte mo
developed countries increases production of higaligjugoods and tests it in the context of Mexicd'894
devaluation. The mechanism generating quality uwfiggain his model is the higher valuation for higimality goods



have often estimated productivity as a residuaha production function. These residuals not
only capture differences in technical efficiencyass firms but also differences in market power,
factor market distortions, or changes in the produx, as suggested by the recent work by
Foster, Haltiwanger, and Syverson (2008), Hsiehkdedow (2008) and Bernard, Redding and
Schott (2008), respectively. More importantly, ches in technology not only affect
productivity but can have implications for factoarkets if new technologies use skilled labor
more intensively. Indeed, several studies haveitiented increases in the relative demand for
skill in developing countries during the trade fdlezation period, leaving the open question of
whether skill-biased technological change mightehbheen an endogenous response to trade
liberalization. This paper provides evidence fgpaaticular channel through which increased
trade can induce firms to upgrade technology, nameleased export revenues.

The estimation of the impact of a reduction inaaling partner’s tariffs on investment in
technology instead of the effect of export markattipipation parallels the comparative static
exercise that naturally emerges from a model wherh the decision to export and adopt
technology are endogenous, thus each variablediseat function of tariffs. This exercise is
aimed to address the policy question of what iseffect of a reduction in a trading partner’'s
tariffs on technology investment, for which compan of exporters and non exporters across
time can only offer indirect evidence. Indeed, tineing that entry in the export market is not
associated with increases in productivity in theeslze of trade reforms can be explained by
entry responding to temporary opportunities to sek foreign market. The opposite finding,
even in the context of a trade reform, can’t béyfattributed to it, specially in the context of
simultaneous implementation of other market-ogdmeforms that might have made it possible
for some firms to invest in productivity improvenmignand thus enter the export market.

The empirical methodology implemented in this pajadiows the literature measuring

the effects of trade liberalization in economicammes through changes in tariffsThe focus of

of consumers in developed countries, the U.S. is ¢tlse. Instead, in this paper the analysis facasetrade
liberalization between two countries of a similavdl of development, Argentina and Brazil, thus itiechanism
generating technology upgrading is of a differeatune: increased revenues for exporters to a cpwith identical
homothetic preferences. Still, in the model tedbgp upgrading can be interpreted alternativelyregucing
marginal production costs or increasing quality.

° Goldberg and Pavcnik (2007) review and discussetiseudies.

10 This literature includes studies on the impactrafle liberalization in inequality like Attanasi@oldberg and
Pavcnik (2004) for Colombia, Topalova (2005) fodim and the study in the impact of trade libesion in
productivity in Colombia by Fernandes (2007).



most studies has been unilateral trade liberatimatiwhile the analysis of regional or bilateral
trade liberalizations are rare. The first studytlod impact of a trading partner’s reduction in
tariffs using plant-level data was Trefler's (200dnalysis of the Canada-U.S. Free Trade
Agreement. To my knowledge, this paper’'s analy$isMBRCOSUR is the first study of the
impact of a trading partner’s reduction in tarifts a developing country. Not surprisingly, the
effects of trade on technology adoption seem tdifferent in this context. This can be seen by
comparing the results presented here with thosedontemporaneous study of the Canada-U.S.
Free Trade Agreement by Lileeva and Trefler (20@M)hough the results are not directly
comparable because the methodologies used areediff¢heir finding that the reduction in U.S.
tariffs only induced productivity increases in tleast productive new entrants in the export
market for the case of Canada contrasts with thgirfgs for Argentina where the reduction in
Brazil's tariffs induced technology upgrading mgsih the 3° quartile of the firm-size
distribution and not only in new but also in oldoexters. As | discuss in the theoretical section
of the paper, the result that old exporters upgtadbnology when trade costs fall only obtains
when the costs of technology adoption are higlatired to fixed exporting costs) which is more
likely to be the case in developing countries.

The remaining of the paper is organized as folloWse next section presents the
theoretical model and derives the empirical préalist on the effects of trade liberalization on
entry in the export market and technology upgradi8gction 3 describes the trade liberalization
episode and the data set. Section 4 presents thieieahstrategy and tests the predictions of the

model. Section 5 concludes.

2 Theory

This section develops a simple model of the degismenter the export market and upgrade
technology by heterogeneous firms. | consider #ee of two symmetric countries engaging in
bilateral trade liberalization. Each economy caissi a single monopolistically competitive
industry where firms produce differentiated produahder increasing returns to scale, and using
a single factor of production, labor, as in Krugnm@a79, 1980). Firms are heterogeneous in
productivity, face fixed exporting costs as in Mel{2003), and can choose to increase their

productivity by paying a fixed technology adopticwst, as in Yeaple (2005).



2.1 Set up of the Model

| consider the simple case of two symmetric coestendowed with L units of labor used to
produce differentiated products in a single indusirhe symmetry assumption ensures that
wages, which are the numeraire, and all aggregaiables are the same for both countries. |
present the discussion from the point of view ef lome country.

Entry

The supply side is characterized by monopolistimgetition. Each variety is produced by a
single firm, and there is free entry into the indysFirms are heterogeneous in their productivity
in the sense that marginal labor costs vary acfioss using the same technolodyThis
idiosyncratic component of labor productivity isdexed by , that also indexes firms and
varieties. To enter the industry in a given countiryns pay a fixed entry cost consisting df
units of labor. Entrants then and draw their praghitg from a known cumulative distribution
function G(¢) =1-¢ .

Technology

After observing their productivity firms decide viher to exit the market or stay and produce.
Firms produce varieties using a technology thatufes a constant marginal cost and a fixed
cost, both in terms of labor. Firms can choosepigrade their technology in the following sense:
by paying an additional fixed cost they can redile® marginal cost of production. This can be
represented as a choice between two different tdabies| andh, whereh features a higher
fixed cost and a lower marginal cost. The resultioigl cost functions under each technology

are:
TC(q.¢)=| f+3
G (a.9) ( +¢j

TG, (q.6) = | fp+-—1
Ch(q¢)(f7+y¢J

Then, in this setup, there is a part of firm prdduty that is the result of luck but firms can
also take actions to increase their productivi#.simple interpretation would be that before
entering an industry firms engage in product dgwelent, but the value of that product/its

marginal production cost is revealed only aftdras been developed and thus the cost of product

1 Alternatively, heterogeneity in productivity cae mterpreted as quality: more productive firmsduee a good of
higher quality, in the sense that consumers atingifo pay more for the same amount of the good.



development is sunk. At the production stage, ficaus take actions to increase the quality of the
product or further reduce its marginal cost, byipgy higher fixed production cost every period.

Finally, in every period there is an exogenous ahility of exit (9).

Serving the Foreign Market

After entry, a firm can choose to export, in whaase it must incur an additional fixed csin
addition, exported goods are subject to per-umibécg costs, so thatnits need to be shipped
for 1 unit to make it to the foreign country.

Demand

Preferences across varieties have the standard f@EE with an elasticity of substitution

@)

for ever
P ] Y

E
o =1/(1- p) >1. These preferences generate a demand funqﬁm)FE(

varietyw, whereP :{ J' p(a))l‘”da)} is the price index of the industry akds the aggregate
aQ

level of spending in the country.

2.2 Firm Behavior
Profit Maximization

Under CES preferences the profit maximizing prgeaiconstant markup over marginal costs.

Then, a firm with productivityp using technology charges the pricepld(¢):£% in the
P

domestic market and a higher price in the exporketap(¢) :%%r. If instead the firm uses

technologyh, it charges lower prices in both markefs:(¢) =l%1 and p. (@) =£1£r.
POy P

oy
To make the joint decision of whether to enter ékport market and whether to adopt
technologyh, firms compare the total profit of each of the rfquossible choices, which are

described below.



Profits if only serving the domestic market anchgsiechnology:
1 o 4om

n'(¢)=—E(Pp) ¢ - f
o

Profits if only serving the domestic market anthggechnologyh:
1 o st o

(@)=~ E(Pp) 977y =

Profits if also exporting and using technoldgy

@) =) EPRY - - f

X

Profits if also exporting and using technoldgy
o\1 o 1o oo
(@) =+ ) EPo) g7y - - 1,

Note that the assumption that both countries agatidal and trade costs are symmetric
implies that the price indeXP) and the expenditure levelE) in foreign are the same as at

home. Exporting and technology choices are reptedein Figure 1, where the four possible
profits are depicted as a function of firm's pratility.*? The equilibrium depicted is obtained

when ¢* < ¢", whereg* is defined as the level of productivity above whia firm using
technologyl finds exporting profitable #&°(¢,) =77(¢,)] and ¢"is defined as the level of
productivity above which an exporter finds adoptioof technology h profitable

[77(@,) =7 (#,)]. In Appendix A | show that in this equilibriunirins sort into four different
groups: the least productive firnﬁ¢<¢ﬂ) exit, the low productivity firms(¢D<¢<¢x) only
serve the domestic market and use technologhe medium productivity firm@r)X <¢ <¢h)
still use technology but also export, and the most productive fir(¢§< ¢) both export and

use technology.

Note that in Figure 1 using technoldggnd only serving the domestic market is always
dominated by some other choice. Note also thattieea range of productivity levels where

exporting is profitable but adopting technologyis not, so that the marginal exporter uses

technologyl. | focus in this casé;ibx < ¢“) in what follows and provide the necessary paramete

12 More precisely a transformation of firm's produityi: ¢”_l.
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restrictions for this ordering of cutoffs to applythe opposite cas(aﬁx >¢“) is one where the

equilibrium features no exporters using the lowhtedogy, which is inconsistent with the

empirical findings | report in the next section.

Figurel

Exporting and Technology Choices

f+fr i e

fn+fr

., 7 Technology L 0-1 Technology L o-1  Technology H
Exit ¢ Don't Export ¢X Export ¢h Export

To solve for the industry equilibrium it is usetol state the conditions for exit, entry in
the export market and technology adoption as atimmof the exit cutoff, which | do next.
Exit
For the least productive firms profits are higheken using technologlyand only serving the

domestic market, then the exit cutgff is defined by:
0 1 o1 ,o\1
79 =0 - ~E(Po)(pf " -1 =0 ®

Exporting
¢, can be expressed as a functiongst by using7®(¢,) = 77°(¢, )and the zero profit condition

for the marginal firm (eq. 1):

p = ¢Dr(%}ﬁ @

11



note that as long ass(%} >1, ¢*>¢" thus only the most productive firms export.

Technology Choice

The marginal firm adopting technolody is an exporter, then the adoption cut¢ff, is)

defined by:
BB -7 (8)=0 - (F*-1)f+ rl‘”)% E(Po) g ™ = £(7-1)

The benefit of using technolody (the L.H.S. of the equation above) is that thenfmakes
higher revenues, as demand is elastie (). The cost of using technology(the R.H.S. of the
equation above) is its higher fixed cost. Note th#s cost is the same for all firms while the
benefit is increasing in productivity. This is wkgchnology choice is characterized by a cutoff

productivity levelg, above which all firms use technology Next, ¢, can be expressed as a

function of " by substituting the zero profit condition for thearginal firm (eq. 1) in the

equation above:

h — 40 1 n-1 - 3
7=e (1+r1“’)‘%1(1’0_1_1] ©

Note that the share of active firms adopting tetbgph (that is(z—hu)_k) Is higher the lower are

variable trade costs. This is so because a reduitierade costs increases the total revenues of

exporters relative to those of the marginal firmichhonly serves the domestic market. By
comparing equations (2) and (3) we can see thgidremeter restriction required fa" > ¢* is

that technology adoption costs are high enoughivel&o fixed exporting costs:

Y

1
— n-1 \o1
h Tl o L/
X = 1-o f >1
o [er ) T

2.3 Industry Equilibrium
The equilibrium price B), number of firms M) and the distribution of active firms'
productivities in the economy are determined byftae entry condition. Free entry requires that

the sunk entry cost equals the present value adatggd profits:

12



g:h—e@ﬂ%ﬁ (4)

where 1—G(¢D) is the probability of survival andr are per-period expected profits of

surviving firms. 7= ru+ p, 71, where 77y are expected profits from domestic salgs, = iiﬁﬁ%

is the probability of exporting andx are expected exporting profits. Then, to solvettie free

entry condition (eq. 4) we need to solve for expiqimofits 77. The derivations are detailed in

Appendix A:

> “{’(%mk%{((urlzf(;l—lﬂ;1(”‘1)]

By substituting the solution for average profitg.(8) in the free entry condition (eq. 4)

we can solve for the exit cutoff:

rLaleehp]

By substituting the solution for the exit cutofig(eb) in eqs. 2 and 3 a solution for the

exporting and technology adoption cutoffs can bmiokd:

1

RN TEAG
/ ‘_z(—k—(a—l)l “(T] "

Lt o-1 T g n-1 )"
= | 7= || A -/ 8
# o) e P ?

Finally, welfare is determined by the inverse & frice index, which can be obtained by
substituting the exit cutoff (eq. 6) in the exindition (eq. 1):

(ot o-1 ]
P=2(T) {E(—k—(a—l)ﬂ . ©
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Discussion

To interpret the solution for expected profits q B note that fA can be written as:

fA: f +prx+ph(fh_f)

O O

#*(p°))" 9"(p°))"
where p, :( p j and p, =( p ] are the fraction of surviving firms that export and

adopt the high technology, respectively. Then, etqk profits are proportional to expected
fixed costs (fA). It is straightforward to show that in the simphse of a closed economy with
only one technology the solution for expected psofs the same as in eq. 5 but with=1.
Then, expected profits are proportional to the alde profits of the marginal surviving firm,
which must be equal to In the open economy, with probabilpythe firm becomes an exporter,

and in that case expected profits are augmentpbportion tof, , the variable exporting profits

of the marginal exporter. Finally, with probabilipy the firm adopts the high technology, in
which case expected profits are augmented in ptigpoto the variable adoption profits of the

marginal adopters which aréf, — f). Note that as a reduction in variable trade civsteases

the fraction of firms that expop and the fraction of firms adopting the high tedoay p,*®

expected profits increase.

2.4 Bilateral Trade Liberalization
In this section | analyze the impact of bilateralde liberalization on entry in the export market
and technology upgrading. | show that a reductiortrade costs increases export revenues,
inducing more firms to enter the export market apdrade technology. This increases expected
profits, inducing more entry into the industry. leased entry reduces the price index and thus
firms only serving the domestic market loose reesnlAs a result, the least productive firms
make negative profits and exit.

More formally, | show in Appendix Bhat when variable trade cost} fall:

o) \-k
1. The fraction of surviving firms that exp({ﬁéﬁ—)) and the fraction of surviving of firms

] k
that use technology &%ﬁ—)) increase This can be directly seen in egs. (3) and (4).

13 This can be directly seen in egs. 2 and 3.
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2. Expected profits increase, that is(;—ﬂ <0
T

3. The price index falls, that i% >0

4. The exit productivity cutoff increases, that%”% <0.

5. The productivity cutoff for exporting decreasesj tis % >0.
6. The productivity cutoff for adopting technologydft:daases5};"7h >0), as long as not all

firms export (r°7'f > f).

Discussion

The new result in the model is that the reductiovariable trade costs induces more firms to
upgrade technology (Result 6). What makes adopifotme new technology profitable for the
most productive exporters is the increase in t@eaknues? Still, it is important to note that this
is not a market size effect: an increase in maskat as represented by an increase does not
affect the technology adoption cutoff. Instead, ribgult is due to the asymmetric effect of trade
liberalization in models of heterogeneous firmshwiiked exporting costs: while firms serving
only the domestic market loose revenues, expostzgheir revenues increase.

Indeed, this result requires that domestic revefalekess than export revenues increase.
| show in Appendix C that this can never be theecaben the marginal firm is an exporter. In
that case, as falls free entry induces the price index to falbagh to make the profits of the
marginal firm equal to zero. If this firm is an exger, the price index falls enough to make the
reduction in domestic profits completely offset therease in export profits.

An alternative intuition for this result is that @suntries engage in bilateral trade
liberalization, firms loose domestic revenues beeahere are more foreign firms and increased
foreign sales, but gain exporting revenues. Thersgeffect dominates as long as exporters can

serve the foreign market but face the entry of @fgaction of foreign firms.

4 The benefit of technology adoption is proportioitatevenues while its cost is fixed.
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3 Context and Data

3.1 Trade Liberalization

In this section | describe the regional and unikdtérade liberalization policies undertaken in
Argentina at the beginning of the 1990’s. Althoughkse policies had started to be discussed in
the late 1980’s, the depth and pace of the refanmpéemented in 1991 were largely unexpected.
The newly elected president had promised populidicies during the campaign, namely a
widespread increase in wages, but his governmgoliemented a set of market oriented reforms.
Many observers believed that the newly built cosserfor the reforms was largely due to the
1989 and 1990 hyperinflations, and the crisis ia Hocialist bloc. In particular, political
arguments favoring MERCOSUR in Argentina and Bramke based in the view that after the
fall in the Berlin Wall the world would be organ&é regional blocks, as the recent emergence
of NAFTA and creation of the EU suggested.

Argentina started reducing import tariffs with respto the rest of the world before
MERCOSUR was launched, in the context of debt-eelategotiations with the World Bank and
the IMF. Between October 1988 and October 199%thare 11 major revisions of trade policy,
often related to changes in macroeconomic polieyedi at controlling hyperinflation. By
October 1991, the average nominal tariff was 128ging from 0% to 35%, where rates were
increasing in the value-added of production of egobd. Manufactures were concentrated in
the range of 5% to 22%. Almost all import licensesre eliminated, with the exception of the
automobile industry. Finally, in October 1993 imigoof new capital goods were exempted of
tariffs.

MERCOSUR was established by Argentina, Brazil, aag and Uruguay in March
1991. The agreement establishgeneralized, linear and automatieductions in tariffs, and the
adoption of a common tariff with third countrieshel tariff reductions were generalized in the
sense that the same reduction relative to the mafes was to be applied to all goods. They
were to be implemented gradually according to aisemual timetable starting by a 54%

reduction in December 1991, and finishing at 108%ecember 199%° This new agreement

'3 For a discussion of the policy debates in Argentind Brazil during the period of launching of MERSUR see
Campbell, Rozemberg and Svarzman (1999).

' The timetable of reductions relative to m.f.neswas: 54% by December 1991, 61% by June 1992, t88%
December 1992, 75% by December 1993, 82% by Deaed®@3, 89% by June 2004 and finally 100% by
December 1994.
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was in sharp contrast with the regional integratiaty signed in 1988, where reductions in
tariffs were gradually negotiated sector by seatut free trade was to be achieved in 10 years.

The Customs Union was established in 1995 withatth@ption of a Common External
Tariff (CET), with an average level of 12%. Tariffaried between 0 and 20% across industries.
Inputs and materials had the lowest tariffs, fokboMby semi-finished industrial goods, capital
and IT goods,’ and final goods. There were exceptions to intefreg trade for a limited
number of products, special regimes for sugar aridnaobiles and some products faced tariff
rates different from the CET.

MERCOSUR seems to have had a big impact on Argeatirexports. Between 1992 and
1996, exports to Brazil quadrupled, while expodshe rest of the world only increased 60%.
As a result, growth in exports to Brazil explair@® of the growth in total exports during this
period. This might be related to deep reductioBriazil’s tariffs in this period. Table 1 reports
summary statistics for m.f.n tariffs at the 4-dig§iC industry level of aggregation in the period
under study?® The first row reports the level of Brazil's m.f.fariffs in 1991 that are the
baseline for the MERCOSUR tariff reductions thairt®td in December 1991. The average
reduction in Brazil's tariffs faced by Argentineirms between December 1991 and December
1994 was 29 p.p. Also, tariff reductions variedeesibly across industries, as initial m.f.n
tariffs varied between of 84 p.p. and 0 p.p.. BAs panel of firms | analyze covers the period
1992-1996, | use the level of Brazil's m.f.n tegith 1992 as the baseline for the calculation of
tariff reductions in the period 1992-1996. These @n average 24 p.p, slightly lower than 1991
tariffs but reflect a similar variation across isthies, as their correlation is 0.97.

As m.f.n. tariffs in Argentina were already lowfore MERCOSUR was launched, the

baseline for the reduction in Argentina’s tarifts imports from Brazil was only 13 percentage
points on average (Table 1). Still, there was $iggmt variation in tariffs across 4-digit-SIC

" According to Berlinski et al. (2006) the commonteeral tariffs for capital goods (14%) and infotina
technology and telecommunication (16%) were thetrifcult to agree upon. Argentina favored lowitis while
Brazil wanted higher protection. Thus, nationaiffsuwere to converge to the AEC by 2001 for cdpg@ods and
2006 for IT goods, from above in the case of Braail from below in the case of Argentina.

8 The source of the tariff data is UNCTAD-TRAINS. rifis for each 4-digit-SIC-industry are obtained as
weighted average of the 9-digit-HS-products witkiach 4-digit-SIC-industry, where the weights areegi by

imports of each product. Thus, when computing Brami.f.n tariffs in 1992 weights for each prodweathin a 4-

digit industry are based on Argentina’s export8tazil of that product in each year. An alternativéo obtain 4-
digit-SIC-industry as simple averages of m.f.nftarfor 9-digit-HS-products within each industrytithese give
similar results as their correlation is 0.975.
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industries, from 0 to 22 p.p. Surprisingly, imggofrom Brazil grew exactly at the same rate as
imports from the rest of the world during this per(60%).

As Argentina’s unilateral trade liberalization oo®md before the period under study,
between 1992 and 1996 Argentina’s average impwiffs with respect to the rest of the world
increased slightly (1 p.p.). Still, there were opes in tariffs in both directions, from -10 p.p. to
15 pp. across 4-digit-SIC industries. The modifaas on import tariffs during this period are
partly related to the convergence to the CET, gaatly reflected the structure of protection in
Brazil *°

In addition, Table 1 reports average m.f.n. injawiffs for Argentina as these are used
for robustness checks in the empirical analysithefimpact of Brazil's tariffs on entry in the
export market and technology upgrading. The inpuifftfor each industry is computed as
weighted average of the tariffs of all inputs usetiere the weights are based on the cost share
of each input obtained from the input-output mabixArgentina, as described in Appendix D.
The baseline m.f.n rates for Argentina’s inputffagductions w.r.t Brazil were smaller than the
output tariffs reported above, with an averagelletd 1l p.p. in 1992. Similarly, the changes in
Argentina’s input tariffs w.r.t. the world were slea than the output tariffs, ranging from -3 to 6
p.p.

Finally, an important point to note is that therstaf MERCOSUR tariff reductions
respect to m.f.n. rates, December 1991, just gdescé¢he period under study 1992-1996. Still,
exports seem to have reacted to tariff declinet witag. The data on aggregate Argentinean
industrial exports to Brazil shows that these stagrowing in 1993, as depicted in Figure 2.
Thus, it is likely that the relevant overall tari#ductions in the period 1992-1996 are the full
100% reduction over m.f.n. rates between Decem®8t And 1994 and not the 32% remaining
reduction that occurred between December 1992 8A8d.IThus, in the empirical analysis | set
the change in Brazil’s tariffs w.r.t Argentina beswn 1992 and 1996 to minus the level of
Brazil's m.f.n tariffs in 1992. Similarly, | set ¢hchange in Argentina’s tariffs w.r.t Brazil
between 1992 and 1996 to minus the level of Argerdi m.f.n tariffs in 1992. Note that the
application of a 100% or 32% tariff reduction w.mt.f.n tariffs in 1992 does not affect the

estimation of the average impact of tariffs on gimirthe export market or technology upgrading

9 Berlinsky et al. (2006) and Chang and Winters @Qffovide a more detailed discussion of Argenéne
Brazil's trade policy measures in the 1990's.
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as in the first case the estimated coefficient32 @imes smaller but the average change in tariffs
is (1/0.32) times bigge? It does affect the interpretation of the result®ugh, as the implied
responses of entry in the export market and spenditechnology to a given tariff change are
0.32 times smaller when considering the full 10@4uction. Then, the reported estimates can

be considered as a lower bound.

Figure 2
Exports from Brazil to Argentina 1989-1998
Sample of 104 industries with positive trade in 1992
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Brazil's Trade Policy
As the source of identification of the effect ofiffareductions on entry in the export market and
technology upgrading are the differences acrosssimigs in the level of m.f.n tariffs in Brazil in
1992, it is important to discuss Brazil’s tradeippin more detail.

Like Argentina, Brazil implemented a program oflateral trade liberalization between
1988 and 1994. Berlinski, Kume and Vaillant (2006}e that the tariff structure in 1988 was
based on the tariffs implemented in 1957 underitiport substitution policy. They argue that
the first reforms implemented in 1988-89 did nowéasignificant effects on the degree of
protection of the domestic industry as NTBs, whigre the main instrument of protection, were

not modified. Instead, after a new government tpower in march 1990 NTBs were eliminated

2 For example, if the change in Brazil's tariffssist to minus the level of m.f.n tariffs in 1992 tiplled by 0.32,
estimated coefficients are 1/0.32 times biggerthen the average reduction in Brazil's tariffstie period is 0.32
times smaller, thus the estimated effect of theayereduction of tariffs is the same.
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and tariffs were reduced gradually according tangetable ending in January 1994. The new
tariffs would vary between 0 and 20%, except féeva goods facing 30-35% tariff ratés.

Brazil's m.f.n tariff rates in 1992 reflect a tation between the old and new tariff
structure. As a result, they display tariff ratb®we 30 p.p. for some unskilled, labor-intensive
industries protected under the import substitupoticy like toys, textiles and rubber and also
for skill-intensive industries that were protectatter the new policy like domestic appliances,
office accounting and computing and the car ingqusBossibly as a result, the correlation
between Brazil's tariffs in 1992 and an exogenoessare of skill intensity of the industfys
very low (-0.002). Instead, tariffs are negativetyrelated with a measure of capital intensity (-
0.21), suggesting that Brazil protected labor-isie@ industries. As the omission of industry
characteristics that are correlated with Brazil&le policy might induce biases in the estimation
of the impact of the reduction in Brazil's tarifg entry in the export market and technology
upgrading, | include in the regressions 2-digit-81Gustry dummies that absorb part of the
correlation between changes in tariffs and industrgracteristics. After including 2-digit-SIC-
industry dummies the correlation between capitnsity and tariffs falls to -0.06, although the
correlation between tariffs and skill intensityieases to 0.06. Thus, in addition to including 2-
digit-SIC-industry dummies | control for measurd<apital, skill intensity and the elasticity of

demand?

3.2 Firm-Level Data

The data | analyze comes from the Survey on Tecdgial Behavior of Industrial Argentinean

Firms [Encuesta sobre la Conducta Tecnologicasl&mapresas Industriales Argentinas (ETIA)]

conducted by the National Institute of Census atadisics in Argentina (INDEC). The survey

covers the period 1992-1996 and was conducted9i d9er a sample of 1,639 industrial firms.
The sample is representative of firms owning eshbients with more than 10

employees, and is based on 1993 census data. gtihaccording to the census only 15% of

2L According to Berlinski et al. (2006) the 0% tasifforresponded to commodities and “exportables¥ 16
agricultural products and their derivates, 10,48 20% for products using basic inputs with 0%ffsiand 20%
for the rest of the products. The main exceptionthé general rule were IT goods with a 35% tagiffimestic
appliances (30%) and the car industry (35% tariff).

% | use measures of average capital and skill iitieirsthe industry in the U.S. in the 1980’s obidl from the
NBER productivity database (see Appendix D for tligta

2| use the elasticity of substitution in the indysis estimated by Broda and Weinstein (2006).cheelation of
the elasticity of demand with tariffs is low: 0.86d 0.06 with controls for 2-digit-SIC-industry dmies.
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establishments had more than 10 employees, thegsemed 90,7% of the value of output,
90,9% of industrial value added, 87,9% of employtraad 94,1% of the wage bffl.

As the survey was conducted in 1997, it does notato information on firms that were
active in 1992 and exited afterwards. | focus mglgsis on a balanced panel of 1,380 firms
present both in 1992 and 1996 for which there fiermation on sales, employment and belong
to 4-digit-SIC industries with information on Brégitariffs.

The survey contains information on several dimemsiof spending on technology
upgrading. Firms upgrade technology by performiagous innovation activities like internal
R&D, paying for technology transfers and buyingitapgoods that embody new technologies;
and with different purposes like changing produttmyocesses, products, organizational forms
or commercialization. | constructed a measurgpeinding on technology (ST) that includes the
following: spending on computers and software; payts for technology transfers and patents;
and spending on equipment, materials and labotectk® innovation activities performed within
the firm?

The survey contains information on ST for all yearsthe period 1992-1996, while
information on all the rest of the variables (sakesports, imports, employment by education,
investment) is only available for the years 1998 4896.

The survey also contains some binary measurescbhadogy adoption: a list of 9 yes/
no questions asking whether the firm performedrtasecategory of innovation or improvement
in products or production process during the pefi®82-1996. As an example, one of these
categories is: “product differentiation” and argthmachinery and equipment associated to new
production process”. | use this information to domst an innovation index equal to the fraction
of categories for which the firm gave positive aaswv A detailed description of the questions is
contained in Appendix D.

The main measure of technology | use in the englianalysis is technology spending
while the binary measures of technology are usedgddorm robustness checks. | think

technology spending is a better measure of tecgydiar two reasons. First, the information has

% The sample is the same as the one used for theeBiacIndustrial Annual, the standard yearly ingustirvey
used to compute Industrial GDP. A description ainpling methodology for Encuesta Industrial Annbglthe
National Statistics Office (INDEC) is availablevatvw.indec.mecon.ar.

% Like R&D, adaptation of new products or productjmocesses, technical assistance for productiagineering
and industrial design, organization and commemadibn.
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a panel structure that can be used to control fambsgerved firm and industry characteristics.
Second, it is a more objective measure in theestret it does not depend on the interpretation
of what an improvement or innovation is.

Finally, another unusual feature of the survey hattit contains information on
employment by education. | use this informationctinstruct measures of employment in
primary school equivalents, skill intensity andesaper worker as described in Appendix D.

Table D.1 in Appendix D contains summary statistigs export status for the main

variables of interest for the initial year in theta, 1992.

3.3 Industry-Level Data

In the empirical section | use controls for 4-ti§IC industry characteristics that might be
correlated with changes in tariffs. First, averageital and skill intensity in the industry in the

U.S. in the 1980’s obtained from the NBER produttidatabase (see Appendix D for details).
| also use the elasticity of substitution in thelustry as estimated by Broda and Weinstein
(2006). Finally, data on exports from Brazil to Amgina in the years 1992 and 1996 were
obtained from the U.N. COMTRADE database. Thisiinfation is aggregated at the 4-digit-SIC

industry.

4 Empirics

In this section | test the predictions of the tletioal model developed in section 2. First, | ¢hec

whether the sorting pattern of firms into exportangd technology use predicted by the model is
consistent with the observed characteristics obaeps and non-exporters in the same 4-digit-
SIC industry. Second, | test the main predictiohthe model: that a reduction in variable trade
costs causes entry in the export market and teogpalpgrading. To establish causality, | use
the differential changes in Brazilian tariffs ago$-digit-SIC industries to show that firms are
more likely to enter the export market and upgreetdinology in industries where tariffs fell

more.
4.1 Within-Industry Patterns in the Data

In the model, underlying productivity differencesoguce a sorting of firms into three groups:
the low productivity firms only serve the domestiarket and use the low technology, the

22



medium productivity firms still use the low techagy but also export, and the most productive
firms both export and use the high technology.his setting a reduction in variable trade costs
increases exporting revenues inducing firms inrtinédle-range of the productivity distribution
to enter the export market and upgrade technology.

Figure 3 illustrates the effects of trade liberafian for firms in each part of the

productivity distribution. The upper line repretermproductivity cutoffs to adopt the high

technology and to enter the export market befdrerdilization ¢, ¢°), while the lower line
represents the cutoffs after liberalizatiog; ( ¢;). Within the group of firms that were already
exporting before liberalizationp{ < ¢) those in the upper range of productivig’& ¢) were
already using technologly, while firms in the rang@? < ¢ < ¢ adopt it only afterwards.
Within the group of firms that enter the export kedrafter liberalization ¢ < ¢ < ¢?), those in
the upper range ¢¢ <@ <¢?) enter the export market and adopt the new tedgyolwhile

those in the lower rangep{ < ¢ < ¢ ) enter the export market but keep the old techmpolo

Figure3
Effect of Falling Variable Trade Costs
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To check whether the sorting pattern depicted garg 3 and the parameter restrictions
required to obtain it are consistent with the datiivide firms into three groups: continuing
exporters® new exporterd’ and never exportéfsand compute differences in characteristics for
firms operating within the same 4-digit-SIC indystr

Table 2 reports that, on average, continuing expstiave a 0.37 log points higher level
of spending in technology per worker a than newgogers in 1992. This is consistent with at
least a fraction of them already using the highmetogy before liberalization. Interestingly,
they increase spending in technology 0.27 log gofaster than never exporters during the
liberalization period (1992-1996), which is consigtwith a fraction of them adopting the high
technology after liberalization.

Firms that would enter the export market after rilieation are not significantly more
technology intensive than never exporters in 19@Able 2). In contrast, after liberalization
these new exporters become more technology-interian firms that do not export, increasing
their spending in technology per worker 0.34 loghfofaster between 1992 and 1996.

The patterns in the data described above showttlibat is a coincidence between entry
in the export market and technology upgrading,dautt establish whether it is expanded export
opportunities that cause technology adoption, vieesa, or whether both are caused by a third
factor. Some alternative explanations for the tesiml Table 2 can be ruled out: as these are
based on comparisons of exporters and non exponghsn industries, they are robust to
macroeconomic shocks that affect all firms equdly example could be exchange rate
appreciation) or to shocks that affect all firmghin an industry (an example could be fast
technological change in a particular industry)ll Stie fact that within each sector exporters and
new exporters are upgrading technology faster titaar firms could reflect other shocks that
affect middle and high productivity firms differéaty. This is particularly plausible in a context
where several reforms were implemented at the same. For example, capital account
liberalization, that could facilitate access todit¢o finance technology upgrading and entry in
foreign markets to medium and big firms but notstoall firms in the presence of credit
constraints. Then, the next step in the empirinalysis attempts to establish causality by linking

% Firms that were already exporting in 1992.
" Firms that export in 1996 but were not exporting.992.
2 Firms that do not export in 1992 nor 1996.
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exporting and technology adoption directly to tkduction in Brazil's tariffs for imports from

Argentina.

4.2 The Impact of the Reduction in Brazil's Tariffs

4.2.1 Identification Strategy

Empirical identification of the effect of the fal variable export costs on entry in the export
market and technology upgrading by Argentineandimmbased on the differential reductions in
Brazilian tariffs for imports from Argentina acro4sligit-SIC industries.

This source of identification has two features timatke it likely to be exogenous with
respect to the outcomes analyzaedhangesin export status andhangesin spending in
technology between 1992 and 1996. First, the teeifuctions were programmed in 1991, and
reach a level of zero for all industféin 1995, thushangesn tariffs are predetermined by the
1991 m.f.n tarifflevelsin Brazil. Second, the 1991 m.f.n import tariffsBrazil are the same for
Argentina and the rest of the world thus they ardikaly to be targeted to industry
characteristics particular to Argentina, whose shaf Brazil's trade was only 7.79. As
changes in tariffs are predetermined, they arekelylito be driven by political pressures arising
from the effects of liberalization in Brazil or Aggtina, or by contemporaneous shocks to
industrial performance. As they respond to Braziorldwide trade policy, it is also unlikely
that results are driven by Brazilian tariffs beingially high in industries where Argentina has a
comparative advantage.

Although the points above address the reverse ligupaoblem, Brazil's initial tariff
structure is certainly not random: as discussed/@bBrazil’s trade policy is correlated with
some industry characteristics, and omitting themlatde an important source of bias. Thus, |
estimate all the equations in first differences, that constant industry characteristics are
differenced-out. Still, if industries with differemnitial characteristics are on different trends,
Brazil's tariffs could be capturing some omitteduistry-level -time-varying variable. | address
this problem in two ways. First, | include in théferenced equations 2-digit-SIC-industry
dummies that account for unobserved industry trendsoad sector levels like “Manufacture of

29 Except for the automobile and sugar industriegshénresults presented in this section, 1996 saaf still set to
zero for these two industries, to avoid endoger@itplems in using the actual 1996 tariffs. Albustness check,
all the results presented in this section have beglicated for the sample of firms excluding thesetors.

30 Argentina’s share on Brazil’s imports rose to 24.id 1995 when all tariffs were eliminated.
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food products and beverages” (SIC 15) or “Manufiectaf chemicals” (SIC 24). As tariffs vary
at the 4-digit-level this means that | am compamnmanufacturers of dairy products (SIC 1520)
to macaroni producers (SIC 1544), but not to mastufars of pharmaceuticals (SIC 2423) that
are instead compared to producers of fertilized (3412). Second, as there can still be
important differences between producers of pharotazzds and of fertilizers, | include 4-digit-
SIC-level controls for the industry characteristicat are likely to determine tariffs: the elagtici

of demand, capital and skill intensity. These irndusharacteristics are measured with U.S. data
to avoid endogeneity problems.

An additional issue concerning the use of Brazibsiffs to measure the effect of
expanded export opportunities on entry in the expmarket and technology upgrading is that
they might be correlated with changes in Argensn@riffs during this period, as long as the
structure of protection was similar between the twantries in 1992. To address this concern |
control for the change in Argentina’s tariffs witbspect to the world in the period 1992-1996,
and alternatively for the change in Argentina’sftaiwith respect to Brazit® | control both for

final goods tariffs and intermediate inputs tariffs

Heterogeneous Effects
The sorting pattern of firms described in Figur@rplies that the reduction in Brazil's tariffs
should induce entry in the export market and tetdgyupgrading for firms in the middle range
of the productivity distribution. In particular, ghmodel predicts that the reduction in tariffs
would induce firms in the middle range of the pratility distribution to enter the export market,
but should not affect firms in the lower and uppanges of the distribution. Similarly, the
reduction in tariffs should only induce firms iretimiddle range of the productivity distribution
to upgrade technology. To study these heterogeneffacts, | use firm size relative to the 4-
digit-SIC industry mean in 1993as a proxy for initial productivity and divide fisninto quartiles.
Then, | analyze the effects of the reduction inZBia tariffs on each quartile of the firm size
distribution.

Next | present the estimation of the effect taslinges on entry in the export market and

later the estimation for technology upgrading.

31 An important point to note is that as Argentina’d.mtariffs with the rest of the world in 1992 weethe basis for
MERCOSUR tariff reductions, it is hard to distinghithe effect of the reduction of tariffs with respto Brazil
from changes of tariffs with respect to the resthef world.
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4.2.2 Entry in the Export Market
| estimate a linearized version of the entry inélkport market choice described by equation (7).
This linearization does not respect functional fahms estimation only attempts to recover the
signs of the partial derivative of interest anassess the economic significance of the estimated
coefficients. To simplify the exposition, | firstedcribe estimation of the average effect of a
reduction in Brazil’s tariffs on entry in the exponarket for all firms, and later analyze how this
effect varies for firms in different quartiles dfet size distribution.

| empirically analyze the entry in the export mar#tecision using an index model:
EXR,, = {1 ATy A > O} (10)

0 otherwise

wherej indexes 4-digit-SIC industries;indexes 2-digit-SIC industriesjndexes time, that is the
years 1992 and 1996jndexes firmsEXPs;tis a dummy variable that takes the value of 1ef th
firm exported in yeat; 7; are Brazil's tariffs that vary across 4-digit-Si@@lustries and timey
are plant fixed effects that capture unobservedtaom plant heterogeneity), constant sector
characteristics that affect the sector exportingpftsi in the model &, k, , f, 7,y) and also

some other sector characteristics that althoughimduded in the model might affect the
exporting cutoffs (like factor intensityj? a5 are 2-digit-SIC industry dummies that capture
variation across time in sector characteristics.

Equation (29) with plant fixed effects can’t be stently estimated by probit (incidental

parameters problem), then | estimate it usingitiesat probability model:

—_ X
EXFi?st - :BTXTjt + ast + ai + gijst

In this case, first differencing eliminates timermiant plant and sector heterogeneity:

AEXP,

>, =B, AT +Aa, + Mg, (11)
Estimation of equation (11) by OLS is reportedha first column of Panel A of Table 3, where
the reported standard errors are clustered at-tigidSIC industry level. The coefficient in the

change in Brazil's tariffs £,) is negative (-0.421) and significant (t = -5.0The estimated

% Bernard, Redding and Schott (2007) develop a tmaiof, two sector and two country model of tradéhwi
heterogeneous firms and show that the cutoff fnyan the export market is closer to the exit ¢libo comparative
advantage industries.
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coefficient implies that the average reduction nadl’s tariffs (24 percentage points) increases
the probability of entry in the export market by @€rcentage points. Columns 2 to 8 assess the

robustness of the baseline results to inclusioroatrols, as described by the following equation:

AEXR, =B, At + B.A T} + B.Zjios + B + Aa, + A (12)

ijs
where A7{" denotes changes in Argentina’s import tariffsdatputs and inputev.r.t. the world

and Brazil; zj40, are firm characteristics in the initial year (199Ke size measured by the
number of workers, sales per worker and skill istsn and ¢, are 4-digit-SIC industry
characteristics like the elasticity of demand,Iskild capital intensity in the U.S. Estimation of
equation (12) is reported in columns (2) to (8)Table 3, and although some of the firm and
industry characteristics are highly significant,e tltoefficient on Brazil’'s tariffs is not
significantly affected by their inclusion. The cfieients in the regressions including all controls
(columns 5 and 8) are -0.472 (t=-4.87) and -0.3333(78) and imply that the average drop in
Brazil's tariffs (24 percentage points) increadss probability of entry in the export market by
11 to 12 percentage points.

A potential problem of the specification in equati¢l2) is that if there are sunk
exporting costs, current export status might depemdagged export statddwhich in turn is
likely to be negatively correlated with the initigvel of Brazil’s tariffs. This problem can't be
solved by including lagged export status in thecBpation in first differences, as in that case
export status in 1992 would be both part of theedeent variable and a regressor, thus
necessary correlated with the error téfrstill, it is possible to estimate the equatiorieels,

including lagged export status as a regressopedfged in the following equation:
EXFiJ?SZLQQG = ﬂZ—XATjX +0 EXFiJ?lQQZ Ta, & (13)
Unlike the first-difference specification, eq. (18pes not control for unobserved constant

heterogeneity. Still, estimation of equation (18)uiseful because first-difference and lagged-

dependent-variable estimates have a bracketingepsopf the first-difference specification in

% Roberts and Tybout (1997) and Bernard and Jer&@] find evidence of the existence of sunk expgreosts
in Colombia and the U.S., respectively.

3 An alternative solution to this problem that pestid control both for unobserved individual hetenogjty and
lagged dependent variables is to run a specifinatidirst differences and use further lags of dependent variable
as instruments, as proposed by Arellano and BoA81)l | can't implement this solution because plamel |
analyze only contains data for 1992 and 1996.
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(12) is correct, then (13) will tend to underestienghe absolute value ¢f,, while if the

lagged-dependent-variable specification in (13)agect, then (12) will tend to overestimate the

absolute valugB, . This is because the initial level of Brazil'sitlr is negatively correlated

with export status in 1992.Panel B of Table 3 reports estimation of equatib8) where the
estimated coefficient goes from -0.291 (t=4.09)the baseline specification in Column 1 to
0.533 (t=3.78) in Column 9 where all controls ameluded. These estimates are 30% to 8%
lower than the estimates in the first-differencpec#fication, as expected. They are also less
stable, possibly due to the omission of unobsetiraed-invariant industry characteristics.

As a final check that the presence of sunk expastscare not creating a problem in the
identification on the coefficient on Brazil’s tdgfl estimate equation (13) restricted to firmd tha
were not exporters in 1992. Panel C of Table ®msphe estimation of equation (13) by OLS.
The coefficient on the change in Brazil's tarifssviery similar to the one estimated in the firs-
difference specification and significant [-0.446-3.20) and -0.605 (t=-2.99) in columns 5 and 8
where all controls are included], implying that theerage reduction in tariffs increases the
probability of entering the export market by 111#h5 percentage points.

A potential problem in the estimation of equati@B)(restricted to non-exporters in 1992
is sample selection. The model predicts that inaseovhere tariffs are higher the exporting
cutoff is higher, thus it is likely that in sectongth high initial tariffs non exporters are more
productive than in sectors with low initial tariffsreating a positive correlation between Brazil’s
tariffs in 1992 and unobserved productivity, thuasing downwards the coefficient on the
change in tariffs. A simple way to asses whether itha problem is to look at the correlation of
tariffs with firm characteristics that are correldtwith unobserved productivity like size and
sales per worker in the sub sample of non expomei®92, and both are very low (-0.033 and
0.013). In addition, when these firm charactersstice included in the regressions the coefficient
does not change (see Panel C, columns 1 andh@s)sample selection does not seem to play an

important role.

% For a discussion and a derivation of the biasésdrfirst-difference and lagged-dependent-variastimators see
pages 243-247 in Angrist and Pischke (2008).

% Equation (13) can also be estimated by Probit @®es not contain firm fixed-effects. Probit esttion for both
the full sample and the sample of non- exporterk992 produces very similar results as OLS, Tataperting this
estimations are available upon request.
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Entry in the Export Market by Quartile of the Fil®ze Distribution

The model predicts that reduction in Brazil's triihnduces entry in the export market for firms
in the middle range of the productivity distributjdout not for the least productive firms or the
most productive firms who would export even in plnesence of high tariffs. More precisely, the
prediction is that the reduction in tariffs indecentry for firms who were below the exporting

threshold before liberalization, but above aftexdgafThat is, those firms with productivity in the
rangeg. <@ < ¢’ in Figure 3. To test this prediction, | estimdbe effect of the change in

Brazil's tariffs on each quartile of the initialrfin size distributiod’ through the following

equation:
4 4
AEXR, =Y BL(ATIx Q)+ Y a'Q) +Aa, + A¢, -
r=1 r=2

wherer indexes each of the four quartiles of the sizéribigtion andQ; are dummy variables

taking the value of 1 when firm belongs to quartile. Estimation results are presented in
columns 1 to 3 of Table 4. The effect of the returctn Brazil’s tariffs on the probability to
enter the export market is around 2 times biggehénd® quartile of the firm size distribution,

where the point estimate is -0.735 (t= 4.45). @uig 4 to 6 present estimation of the equation

in levels including lagged export status as arntThe point estimates o8, are smaller, but
the same patter is observed: the estimatg8ofis biggest in the "8 quartile and precisely
estimated (3’; =-0.535, t= -3.56). Columns 7 to 9 report estioraf 5', in the sample of non-

exporters, with similar results as in the full séer@ﬁ’fx =-0.785, t=-3.31).

The effect of the reduction in tariffs on the rekthe quatrtiles is less precisely estimated.
The coefficients are negative but not always gte#ily significant. Taken altogether the results

suggest that some firms in th& 2" and 4' quartiles were induced to enter the export market

37 As a proxy for initial productivity, | use initiafirm size in terms of (log) employment in primasghool
equivalents relative to the 4-digit-industry averafthink that this is the best productivity proayailable in the
data, as the survey does not provide informatiorvalne added, nor has a long enough series of timezd to
construct a good measure of the capital stock.radtively | used (log) domestic sales relative lte #-digit-
industry mean as a proxy for initial productivityith similar but less precise results than the aeesrted below. |
prefer the employment measure because it refledteevadded better than sales, as long as themifeeences in
the level of vertical integration across firms.
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by the reduction in Brazil’s tariffs. This is niiconsistent with the model, as size is not a

perfect measure of productivity and the exportintpffs might differ across industries.

The point estimate oﬁfx in the baseline specifications (columns 1, 4 anonplies that

the 24 p.p. reduction in Brazil’s tariffs increaghe probability to enter the export market by
0.18 to 0.13 p.p. for firms in the™3 quartile of the size distribution. The findingaththe

reduction in Brazil's tariffs had a smaller impact entry for firms in the top quartile of the size
distribution suggests that most of them were abitee threshold before (or regardless of)
liberalization. Similarly, the lower induced entfgr firms in the first and second quartile
suggests that most of them were still below theeghold after liberalization. Thus, trade
liberalization induced more entry in the export kedrfor firms in the upper-middle range of the

size distribution.

To assess the robustness of the baseline estiofafgs discussed above (Columns 1, 4

and 7 of Table 4) | perform a similar series ofaktseas in the estimation of average industry-
level effects of the reduction in Brazil’s tarifis Table 3. The remaining columns in Table 4
show that results are robust to the inclusion @hgfes in Argentina’s import tariffs (for both
output and inputs and w.r.t. the world and Braait)d industry characteristics (capital, skill

intensity and elasticity of demand).

4.2.3 Technology Adoption Decision
Spending in Technology
The technology adoption decision described in tloeleh (equation 8) is binary. In the data, |
observe a continuous measure of spending in teagpohnd also some binary measures of
product and process innovation. The technologydipgmmeasure has the advantage of having a
panel structure that can be used to control fobsanved firm and industry characteristics but
the disadvantage that only a sub-sample of firnssgusitive ST in 1992 and 1996. This sample
is not representative for the smallest firms, whfile binary measures of technology contained in
the survey are available for a representative samplffirst analyze the ST measure and later |
also discuss the binary innovation measures.

| first describe estimation of the average effdch eeduction in Brazil's tariffs on entry
in the export market for all firms, and later gizal how this effect varies for firms in different

quartiles of the size distribution. In the modeffiren is more likely to adopt technolodythe
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lower is the threshold@, in its sector [equation (8)], and the higher ssatvn productivity §),
then the level of spending in technology can berilesd by:

l0gSTy =ay +a +B. T + B Tji + &g (15)
where 1" denotes Argentina’s import tariffs, as adoptionnefv technologies depends on both
export market and domestic revenues. The surveyrtiarmation on ST for all the years in the
period 1992-1996. Still, as the variation acros®etin Brazil's tariffs is fully determined by their
level in 1992, using the variation data for all §esars after 1992 in the estimation of eq. (15)
would induce serial correlation in the error teris.a result, the standard error of the estimated
coefficients would understate their standard demmatas noted by Bertrand, Duflo, and
Mullainathan (2004). Thus, instead of estimatingapn (15) for all the available years, | use
one their proposed solutions, namely to run theaggu in first differences and set the level of
ST after liberalization to the average level aft®92® | thus estimate equation (15) in first

differences:
AlogST, =Aa, + B.AT] + B.AT] +Ag, (16)

where the change in ST in the liberalization pergod

1 1996

AlogST, == > 10gST, ~109 ST e0,

4t=1993

Estimation of equation (16) by OLS is reported @able 5. The coefficient on the change
in Brazil's tariffs is negative and significantall specifications. The estimated coefficient ie th
baseline specification in column 1, where only dmange in Brazil’s tariffs is included as a
regressor is -1.079 (t=3.08) and implies that &#verage reduction in Brazil's tariffs (24
percentage points) induces an increase in techpapending of 0.24 log points. The estimated
coefficient is not affected by the inclusion ofnfilevel controls (Column 2 ) nor by the change
in Argentina’s output and input tariffs with respég the world (Columns 3 to 5). Instead, the
inclusion of the change in Argentina’s outputftarwith respect to Brazil (Column 6) increases
the coefficient to -1.436 (t=-3.21), possibly besathese are correlated with Brazil’s tariffs but

had an effect of the opposite sign in technologypéidn, although not statistically significant.

3 An alternative would be to only use the informatin 1992 and 1996. | chose the first option toleikgll the
available information, and also to minimize the t@mof observations with zero ST. The first alégive gives
very similar results, although the standard eravesslightly bigger.
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Finally, the inclusion of the change in Argentinaiput tariffs with respect to Brazil (Column 7)
does not affect the estimated coefficient.

A further question is whether the reduction in Hiaztariffs also increases the
technology intensity of production, in the sensénofeasing the ratio of spending in technology
to labor. This is stronger evidence that firms aceually changing their production technology,
instead of just expanding production by increasihguse of all factors proportionally. Table E.1
in Appendix E reports estimates of equation (1€placing the growth in spending in technology
by the growth in spending in technology per worksrthe dependent variable. The estimates of
o are very similar to the ones reported in Tabf@ 5.

An important caveat in the interpretation of theules presented in this section is that
equation (16) can only be estimated on a sub-saafdiems that have positive ST in 1992 and
1993-1996, 894 out of the total of 1380 firms ie fanel. Firms reporting a positive level of
spending in technology tend to be bigger: only 1dPthem belong to the first size quartile,
while 33% belong to the fourth, as reported in €abI2 in Appendix D. Thus, results might not
be representative for the smallest firms. Instélael binary measures of technology that | use to
construct the innovation indexes are availableafbigger sub-sample of firms (1310 firms) that
is representative in terms of size, as around 26%mos in the sub-sample belong to each size

quartile.

Binary Measures of Technology

In this section | analyze alternative measures ezhriology. | use a set of questions on
improvements in products and production processdostruct indexes for the fraction of
guestions in each category and overall that wesevared positively by the firm.

Table 6 reports OLS estimates of equation (16)lacépg the change in spending in
technology by indexes of innovation as a dependangble. The coefficient on the change in
Brazil's tariffs is negative and significant fol ahd each type of innovation. Consistent with the
results presented in the previous section, thenastid coefficient is sensitive to the inclusion of
the change in Argentina’s tariffs with respect @8l as a control, changing from -0.30 (t=3.35)
to -0.40 (t=3.42) (columns 2 and 3). It is possilat this is due to the reduction in Argentina’s

output tariffs having an effect of innovation oktbpposite sign, although the estimate is only

39 Similar results are also obtained when the outceaniable is the ratio of spending in technologpates.
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marginally significant (Column 3). The estimatedeffizient in column 2 implies that the
average reduction in Brazil's tariffs induces aar@ase of 0,07 in the innovations index, which
is 19%of the average innovation index (0,38). As thaekis constructed as the fraction of
yes/no questions about product and process inmmwvadi which the firm gave a positive answer,
the result can be interpreted as 19% increase enfréiction of questions about innovation
answered positively by the firm. The effect of eduction in Brazil's tariffs is of similar

magnitude when the innovation index is disaggrejatgroduct and process innovations.

Technology Adoption by Quatrtile of the Firm SizstBlbution

The model predicts that reduction in Brazil's t&riinduces technology adoption for firms in the
middle range of the productivity distribution, buat for the least productive firms who do not
export nor the most productive firms who alreadgmdd the high technology. More precisely,
the prediction is that the reduction in tariffglirces technology upgrading for firms who were

below the technology adoption threshold beforeréibeation, but above afterwards. That is,
those firms with productivity in the rang# < ¢ < ¢, in Figure 3. To test this prediction, |

estimate the effect of the change in Brazil's faribn each quartile of the initial firm size

distributiorf through the following equation:
4 4
AlogST, =Y B.(ar xQ )+ a'Q +B8,AT" +Ba, + e, (17)
r=1 r=2

wherer indexes each of the four quartiles of the siz¢ritlistion andQj are dummy variables

taking the value of 1 when firmbelongs to quartile. Estimation results are presented in Table
7 for both spending in technology and the innovaiindex. The reduction in tariffs induces a
statistically significant increase in spending @chnology only in the third quartile of the size
distribution, where the estimated coefficient 2s184 (t=3.57) (column 1). The point estimate is
double the size than the estimated average efbedllf firms in Table 5, and more than double
the estimated coefficient for the other three dlesrtof the size distribution. The results on the

0 As a proxy for initial productivity, | use initidlrm size in terms of (log) employment in efficignunits relative
to the 4-digit-industry average. | think that tlighe best productivity proxy available in theajads the survey does
not provide information on value added, nor hasray lenough series of investment to construct a goeasure of
the capital stock. Alternatively | used (log) domiesales relative to the 4-digit-industry mearagsroxy for initial
productivity, with similar but less precise resultgn the ones reported below. | prefer the empémtnmeasure
because it reflects value-added better than satekng as there are differences in the level diczd integration
across firms.
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innovation index parallel the findings with the &Teasure: the reduction in tariffs induces a

statistically significant increase in innovationlypim the third quartile of the size distribution,

where the point estimate ¢, is -0.385 (t=2.92), as reported in column 4.

The effect of the reduction in tariffs on the resthe quartiles is less precisely estimated. The
coefficients are negative but not statisticallyngigant, thus it is possible that some firms ie th
15t 2" and 4" quartiles were induced to upgrade technology kyréduction in Brazil's tariffs.
This is not inconsistent with the model, as sgeaot a perfect measure of productivity and the
technology adoption cutoffs might differ acrossustties.

The point estimate o,fo implies that the 24 p.p. reduction in Brazil'siffa induces firms in

the third quartile of the size distribution to iaase their spending in technology an average of
0.52 log points. The finding that firms in the tgpartile of the size distribution did not increase
ST in response to the reduction in tariffs suggdss they were above the threshold before, or
regardless of, liberalization. Similarly, the lawand not statistically significant increase in
spending in technology for firms in the second tjleasuggests that they were still below the
threshold after liberalization. Thus, trade liberaion induced technology upgrading for firms

in the upper-middle range of the size distribution.

To assess the robustness of the baseline estimlaf@s discussed above (Columns 1 and 4

of Table 7) | perform a similar series of checksirashe estimation of average industry-level
effects of the reduction in Brazil's tariffs in Tlak 5 and 6. Columns 1-6 in Table 7 show that
results are robust to the inclusion of changesrigeAtina’s import tariffs (for both output and
inputs and w.r.t. the world and Brazil) and indystharacteristics (capital, skill intensity and
elasticity of demand}*

To assess whether firms increased the technoldgwysity of production, | estimate eq. 17
replacing the outcome of interest by spending antelogy per worker. The results parallel the

findings with the ST measure: the reduction inftauinduces a statistically significant increase

1 As a further robustness check interactions betvebamges in Argentina’s import tariffs with firm siguartiles
were included as controls in the estimation of éiqual7. Alternatively, a set of interactions beémeindustry
characteristics and firm size quartiles are alstuited as controls. The estimated coefficient efdffect of Brazil's
tariffs on ST and innovation in thé*3juartile of the firm size distribution is not eéted by the inclusion of these
controls, and is always significant at 1% confiderevel. Tables reporting this estimation are amdd upon
request.

35



in spending in technology only in the third quartdf the size distribution, where the estimated
coefficient is -2.124 (t=3.76) (column 1, Tabl& i Appendix E).

Finally, to assess whether the reduction in Braz#riffs affected both product and process
innovation, | estimate equation 17 separately &mhetype of innovation index. | obtain similar
results as the ones reported above with the aggreyiex, as reported in Columns 4-9 of Table
E.3 in Appendix E.

4.2.4Mechanism

In this section | discuss how the evidence providedar relates to the mechanism emphasized
in the theoretical model, namely that trade libeedion generates an increase in revenues for
exporters making it profitable for them to adop# thigh technology. Finally, | provide evidence
that the reduction in Brazil's tariffs increasedper sales to Brazil, and the reduction in

Argentina’s tariffs w.r.t. Brazil reduced domesiales.

Technology Upgrading by Export Status
The finding that the reduction in tariffs inducesiacrease in Spending in Technology on tie 3
guartile of the firm size distribution is consistevith the theoretical prediction that only firms
who are induced to cross a size threshold by tbease in export sales upgrade technology. To
explore this issue further, | split the sampleioh§ in two on the basis of initial export status
and show that the reduction in Brazil's tariffs ucegd technology upgrading in both sub-samples.
This implies that firms that were already exportind.992 are induced to upgrade technology by
the reduction in Brazil’s tariffs, which is congst with technology upgrading being driven by
the increase in revenues. If technology upgradig driven by the mere act of exporting,
Brazil's tariffs would impact technology spendinglythrough their induced entry in the export
market.

| estimate the effect of the reduction in Brazibsiffs on ST and the innovation indices
for two sub-samples of firms, the ones that did exqtort in 1992 and the ones that did. The
model predicts that both groups upgrade technoldigythe ordering of cutoffs is

g, <@y, <@? <@, , as depicted in Figure 3. Estimation results wthenoutcome of interest is

ST are reported in Table 8, where Panel A repbdasstimation the sub-sample of firms that did
not export in 1992 and Panel B for the sub-sampldirms that exported in 1992. The
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coefficient is similar to the one estimated for tlwl sample, and significant in almost all
specifications. These findings are consistent with within-industry patterns in the data
presented in Table 2, namely that both continuirgodgers and new entrants in the export
market increase ST faster than non exporters insdme 4-digit industry. Finally, Table 9
reports the estimation of the impact of Brazil'siffa when the outcome of interest are the

product and process innovation indexes, with sinnéaults in both sub-samples.

Exports to Brazil
In this section | report evidence using COMTRADEadan exports from Argentina to Brazil at
the 4-digit-SIC-industry level of aggregation tiais information on export sales by destination.
The analysis of export sales at the firm-levelmid produce consistent results, possibly because
the data combines all destinatidAdhe main differences between the industry-level fim-
level data on exports are that industry-level dat@ported by destination, reflects the universe
of exports instead of a sample, and changes iaregples at the industry level not only capture
the changes in sales of continuing exporters [sat @ new exporters.

Table 10.1 reports estimation results of the eftddihe reduction in Brazil’s tariffs on
(log) exports to Brazil. As the number of obsemvas is smaller than with the firm-level data, |
try to assess the robustness of the estimatespwytirey results with and without 2-digit-SIC
industry dummies, and report both O.L.S. and l.Yinestes. The |.V. estimates use Brazil's
tariffs in 1991 to instrument for Brazil's tariffa 1992 in an attempt to correct for measurement
error in Brazil's tariffs. As industry-level targfare computed as averages of product-level
tariffs, zero or small trade in some products given year can produce inaccurate measures of
industry-level tariffs. Panel A reports O.L.S edtes. The point estimate of the effect of
Brazil's tariffs on exports is negative, and &tally significant in all columns except in
column 3 where controls for changes in Argentirtai#fs w.r.t Brazil and 2-digit-SIC industry
dummies are included in the regression. Panel Brtepl.V. estimates, where both the

magnitude of the coefficient increases and stanéardrs fall, suggesting that measurement

*2The estimated coefficients for the impact of thduction in Brazil's tariffs on the change in (lagjport sales at
the firm-level are not significant nor robust, imetsense that the point estimates vary betweerp ladd 0.16
depending on the combination of controls. In additthey have the wrong sign. To check whetheritisgbility is
due to the fact that the distribution of the depmmdrariable is very disperse, | dropped the olsems in the top
and bottom deciles. The coefficients become afjatige and stable between -0.471 and -0.252 tiilithet
statistically significant.

37



error in tariffs might produce attenuation biashe O.L.S. results. Finally, Table 10.2 reports
the first stage of the 1.V. estimates.

Overall, the industry-level data estimates sugtfest the reduction in Brazil's tariffs
had a sizable impact on export sales: the 0.24rpduction in tariffs increased export sales by
0.68 to 0.84 log points, according to the O.L.S bxdbaseline estimates reported in column 1,

where 2-digit-SIC dummies are included.

Domestic Sales
The model predicts that domestic sales declindn watriff declines. The mapping of this
prediction to the data is not straightforward, les mmodel considers a fully symmetric case where
changes in tariffs are the same for both counfiiéghus, the model does not differentiate
between Brazil's and Argentina’s tariffs. The engat evidence suggests that the reduction in
Argentina’s tariffs w.r.t. Brazil reduced domestales, while the reduction in Brazil's tariffs did
not have a significant effect.

Table 11.1 reports estimation of the impact of bsduction in Argentina’s tariffs w.r.t.
Brazil on domestic sales. The point estimate inlthseline specification in column 1 is 1.431
(t=2.61), and implies that the 13 p.p. reductiorAngentina’s tariffs reduced domestic sales by
0.19 log points. The point estimate is robust te thclusion of controls for changes in
Argentina’s input tariffs w.r.t. Brazil and indugtcharacteristics (Columns 2 and 4), falls
slightly to 1.153 (t=2.20) when changes in Brazi#isffs are included in the regression (Column
5) and becomes insignificant when in addition colstfor industry or firm characteristics are
included as controls (Columns 6 and 7). The evidesdhus not conclusive but suggestive that
the reduction in Argentina’s tariffs w.r.t. Brardduced domestic sales.

Table 11.2 reports estimation of the effect ofeotbhanges in tariffs on domestic sales.
Unlike the change in Argentina’s tariffs w.r.t. Bila changes in Argentina’s output and input
tariffs w.r.t. the world did not have a statistlgadignificant effect on domestic sales. This might

be due to the fact that the changes in Argentinargfs w.r.t the world were smaller, as

*3 The reason for considering the symmetric case ishttain a closed-form solution for the model imeel
equilibrium, that is, allowing for the free entry firms. This is important, as it highlights thaade liberalization
has an impact on technology adoption only wheratidirms export, as if all firms exported the iraised revenues
produced by tariff reductions would induce entryilurevenues fall to their initial level, as indiea in the theory
section.
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unilateral trade liberalization took place befoi@2. Finally, changes in Brazil's tariffs w.r.t

Argentina did not have a statistically significafiect on domestic sales.

5 Concluding Remarks

The evidence reported in this paper suggests tkadneled export opportunities can have a
positive effect on firm performance. The evidenseconsistent with falling trading partner’s
tariffs increasing revenues for exporters and ngkidoption of new technologies profitable for
more firms. The finding that falling trading paetfs tariffs induce firms to take actions that can
increase their productivity suggests that the esassional differences between exporters and
non exporters are not completely explained by siele®f the most productive firms into the
export market, but are partly induced by partiagratin export markets. Then, trade policies
oriented to facilitate access to foreign markekg multilateral trade liberalizations, can have a

positive effect on firm-level performance.
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Table 1: Brazil and Argentina’s m.f.n Tariffs

Average St. DeviationMinimum Maximum Industries
Brazil’'s m.f.n. tariffs in 1991 0.29 0.17 0.00 0.84 101
Brazil's m.f.n. tariffs in 1992 0.24 0.13 0.00 0.63 104
Argentina’s m.f.n tariffs in 1992
Outputs 0.13 0.06 0.00 0.22 102
Inputs 0.11 0.03 0.01 0.17 101
Change in Arg.’s tariffs w.r.t. the world 1992-1996
Outputs 0.01 0.05 -0.10 0.15 104
Inputs 0.01 0.02 -0.03 0.06 101

Note: Tariffs expressed in percentage points. dirtks refer to 4-digit-SIC Industries with avaikatariff data. The
source of the tariff data is UNCTAD-TRAINS. Tariffisr each 4-digit-SIC-industry are obtained as &ghvied average
of the 9-digit-HS-products within each 4-digit-Si@iustry, where the weights are given by importeat¢h product.
For example, when computing Brazil’'s m.f.n tarifis1992 weights for each product within a 4-digi€Sndustry are
based on Argentina’s exports to Brazil of that mitdn each year.

Table 2: Differences between exporters and non exgers

Levels in 1992 Changes 1992-1996
Continuing  New Continuing  New Number
Exporters Exporters Exporters Exporters of Firms

Firm Characteristic

Sales 1.82 1.06 0.18 0.25 1380
[0.086]*** [0.099]*** [0.038]*** [0.046]***

Employment 1.52 0.86 0.02 0.18 1380
[0.072]*** [0.084]*** [0.025] [0.033]***

Spending in Technology 0.37 0.21 0.27 0.34 894

per worker [0.145]** [0.168] [0.103]*** [0.116]***

Skill Intensity 6.49 1.88 1.22 1.27 1380
[1.099]*** [1.071]* [0.374]*** [0.461]***

Note: Robust Standard Errors in Brackets. * indisatignificant at 10%; ** significant at 5%; ***gificant at 1%.
Exporter premia are estimated from a regressio@fform:In Y; = o, NE; + a, EE; + ag EN; + |j+ &; wherei
indexes firms,j indexes industries (four digit SIC classificatip®E are new exporters (231 firmsgE are
continuing exporters (556 firmsEN are firms that exported in 1992 but didn't in 6927 firms) and the reference
category relative to which differences are estighdgenon exporters (566 firmd)are industry dummies, angiis the
firm characteristic for which the differences astireated.



Table3: Entry in the Export Market

1 2 3 4 5 6 7 8
Panel A: Full Sample. Dependent variable: change in export status 1996-1992
Change in Brazil's tariffs -0.421 -0.417 -0.406 -0.342 -0.472 -0.325 -0.362 -0.533
[0.084]*** [0.080]*** [0.083]*** [0.108]*** [0.097]*** [0.091]*** [0.093]*** [0.141]**
Change in Arg.’s tariffs w.r.t. world 0.172 0.118 -0.091
Outputs [0.408] [0.383] [0.317]
1.108 1.554
Inputs [0.880] [0.689]**
Change in Arg.’s tariffs w.r.t. Brazil
Outputs
-0.507 -0.780 -0.269
Inputs [0.331] [0.300]** [0.344]
1.213 0.701
[0.599]** [0.524]
Firm-level controls
Log (Employmeniyg,) 0.014 0.014 0.013 0.013 0.013 0.011 0.013
[0.010] [0.010] [0.010] [0.010] [0.010] [0.010] o]
Log (Sales per workegs,) 0.037 0.037 0.038 0.041 0.037 0.035 0.037
[0.014]*** [0.014]** [0.015]** [0.014]*** [0.014]* * [0.014]** [0.014]***
Skill Intensityigg -0.155 -0.155 -0.149 -0.107 -0.140 -0.120 -0.098
[0.069]** [0.069]** [0.070]** [0.071] [0.071]* [0073] [0.073]
Industry-level controls
Demand elasticity 0.017 0.016
[0.006]*** [0.006]***
U.S. Capital intensity -0.049 -0.045
[0.027]* [0.030]
U.S. Skill intensity -0.159 -0.127
[0.057]*** [0.068]*
2-digit-SIC industry dummies
Observations 1380 1380 1380 1348 1348 1374 1342 2134
R-squared 0.03 0.04 0.04 0.04 0.05 0.04 0.04 0.05
Panel B: Full Sample. Dependent variable: export statusin 1996
Change in Brazil's tariffs -0.291 -0.286 -0.271 -0.199 -0.321 -0.262 -0.281 -0.490
[0.071]*** [0.077]*** [0.073]*** [0.084]** [0.102]*** [0.101]* [0.1272]* [0.144]***
Export status in 1992 0.642 0.543 0.542 0.544 0.546 0.542 0.545 0.544
[0.023]*** [0.028]*** [0.028]*** [0.028]*** [0.028]*** [0.028]*** [0.029]*** [0.028]***
R-squared 0.46 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Remaining controls and number of observationsteesame as in the corresponding column in Panel A
Panel C:. Sample of non exportersin 1992. Dependent variable: export statusin 1996
Change in Brazil’s tariffs -0.411 -0.447 -0.446 -0.288 -0.446 -0.330 -0.357 -0.605
[0.108]*** [0.123]*** [0.122]*** [0.125]** [0.139]*** [0.150]** [0.175]** [0.202]***
Observations 797 797 797 781 781 797 781 781
R-squared 0.04 0.16 0.16 0.16 0.17 0.16 0.16 0.17

Controls are the same as in the corresponding eoiarRanel A

Notes: standard errors are clustered at the 4-8igitindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%.



Table4: Entry in the Export Market by Quartile of the Firm Size Distribution

Dependent variable indicated in columns

Full Sample

Sample of non-exporters in 1992

Change in Export Status 1996-1992 Export Statd986 Export Status in 1996
1 2 3 4 5 6 7 8 9
Change in Brazil's tariffs
* First Size Quartile -0.328 -0.392 -0.438 -0.125 -0.157 -0.290 -0.358 378 -0.435
[0.184]* [0.189]** [0.198]** [0.169] [0.179] [0.189 [0.180]** [0.203]* [0.224]*
* Second Size Quartile -0.325 -0.372 -0.408 -0.142 -0.166 -0.299 -0.249 .250 -0.306
[0.147]* [0.194]* [0.220]* [0.175] [0.211] [0.229] [0.233] [0.261] [0.281]
* Third Size Quartile -0.735 -0.806 -0.848 -0.535 -0.570 -0.696 -0.785 730 -0.798
[0.165]*** [0.153]*** [0.201]*** [0.150]*** [0.152] *** [0.195]*** [0.237]x** [0.242]*** [0.283]***
* Fourth Size Quartile -0.346 -0.421 -0.469 -0.290 -0.338 -0.473 -0.317 .348 -0.399
[0.174]* [0.177]** [0.203]** [0.118]** [0.144]* [ 0.163]*** [0.350] [0.385] [0.377]
Change in Arg.’s tariffs w.r.t. world
Outputs -0.008 0.214 -0.014
[0.346] [0.317] [0.489]
Inputs 1.363 1.330 2.640
[0.699]* [0.575]** [0.936]***
Change in Arg.’s tariffs w.r.t. Brazil -0.729
Outputs -0.415 -0.021 [0.452]
[0.354] [0.377] 1.150
Inputs 0.977 0.711 [1.210]
[0.537]* [0.695]
Eirm-level controls
Second Size Quartile 0.051 0.052 0.056 0.115 0.113 0.114 0.146 0.149 530.1
[0.059] [0.060] [0.061] [0.058]* [0.059]* [0.060]* [0.079]* [0.082]* [0.084]*
Third Size Quartile -0.030 -0.036 -0.035 0.108 0.102 0.104 0.130 0.153 0.149
[0.059] [0.060] [0.060] [0.062]* [0.063] [0.064] [083] [0.087]* [0.087]*
Fourth Size Quartile 0.057 0.047 0.047 0.244 0.231 0.232 0.451 0.443 460.4
[0.072] [0.073] [0.073] [0.069]*** [0.070]*** [0.0rO]*** [0.121]%** [0.121]*** [0.121]***
Export Status in 1992 0.553 0.558 0.557
[0.027]*** [0.027]*** [0.028]***
Industry-level controls
Demand elasticity 0.015 0.014 0.002 0.003 0.003 0.003
[0.006]** [0.006]** [0.007] [0.007] [0.011] [0.02]
U.S. Capital intensity -0.045 -0.041 -0.005 -0.003 0.058 0.077
[0.027]* [0.030] [0.024] [0.025] [0.042] [0.048]
U.S. Skill intensity -0.166 -0.127 -0.156 -0.143 -0.227 -0.149
[0.060]*** [0.070]* [0.059]*** [0.063]** [0.073]x** [0.081]*
2-digit-SIC industry dummies Yes Yes Yes Yes Yes Yes
Observations 1380 1348 1342 1380 1348 1342 797 781 781
R-squared 0.03 0.05 0.05 0.50 0.50 0.50 0.15 0.16 16 0

Notes: standard errors are clustered at the 4-8igitindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%.



Table5: Technology Adoption

Dependent variable: change in log (spending inrteldgy)

1 2 3 4 5 6 7 8
Change in Brazil's tariffs -1.079 -1.076 -1.033 -1.063 -0.921 -1.436 -1.435 -1.448
[0.350]*** [0.346]*** [0.319]*** [0.334]*** [0.383]** [0.447]%* [0.483]*** [0.643]**
Change in Arg.’s tariffs w.r.t. world
Outputs 0.635 0.717 0.760
[1.073] [1.099] [1.153]
Inputs -0.863 -0.995
[3.229] [3.031]
Change in Arg.’s tariffs w.r.t. Brazil
Outputs 2.050 2.250 2.534
[1.323] [1.370] [1.883]
Inputs -0.351 -0.728
[2.788] [3.037]
Firm-level controls
Log (Employmentyg) 0.102 0.103 0.108 0.108 0.106 0.112 0.113
[0.030]*** [0.031]*** [0.031]*** [0.031]*** [0.030]*** [0.031]*** [0.031]***
og (Sales per workefy . . . . . . .
Log (Sal kedoo) 0.554 0.557 0.519 0.496 0.572 0.550 0.516
[0.291]* [0.291]* [0.299]* [0.293]* [0.288]* [0.2a]* [0.277]*
og (Sales per workeyy -0. -0. -0. -0. -0. -0. -0.
Log (Sal Kegoo)? 0.066 0.067 0.063 0.058 0.069 0.066 0.060
[0.034]* [0.034]* [0.034]* [0.034]* [0.034]** [0.B4]* [0.032]*
ill Intensity;ggn . . . . . . .
Skill | i 0.477 0.473 0.446 0.458 0.416 0.380 0.413
[0.228]** [0.228]** [0.230]* [0.231]* [0.229]* [0233] [0.231]*
Industry-level controls
Demand elasticity 0.023 0.031
[0.022] [0.024]
U.S. Capital intensity -0.228 -0.239
[0.088]** [0.092]**
U.S. Skill intensity 0.241 0.065
[0.168] [0.222]
2-digit-SIC industry dummies Yes Yes Yes Yes Yes esY Yes Yes
Observations 894 894 894 872 872 892 870 870
R-squared 0.03 0.05 0.05 0.05 0.06 0.05 0.05 0.06

Notes: standard errors are clustered at the 4-8igitindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%.



Table 6: Product and Process | nnovation

Dependent variable indicated in columns

All Improvements

Improvements in Products

Producfwocess Improvements

1 2 3 4 5 6 7 8 9
Change in Brazil’s tariffs -0.236 -0.302 -0.400 -0.293 -0.348 -0.438 -0.183 .266 -0.358
[0.104]** [0.090]*** [0.117]*** [0.116]* [0.098]** * [0.116]*** [0.100]* [0.094]*** [0.127]x**
Change in Arg.’s tariffs w.r.t. world
Outputs -0.184 -0.155 -0.238
[0.251] [0.264] [0.275]
Inputs 0.261 0.102 0.389
0.619 0.740 0.572
Change in Arg.’s tariffs w.r.t. Brazil [ ] [ ] [ ]
Outputs 0.526 0.622 0.336
[0.308]* [0.335]* [0.326]
Inputs -0.254 -0.577 0.196
el | [0.554] [0.578] [0.587]
Firm-level controls
Log (Employmentyg) 0.083 0.084 0.086 0.075 0.077 0.080 0.090 0.090 920.0
[0.006]*** [0.006]*** [0.006]*** [0.007]*** [0.007] *** [0.007]*** [0.007]*** [0.007]*** [0.007]***
Log (Sales per workegs,) 0.050 0.053 0.050 0.051 0.055 0.052 0.048 0.049 460.0
[0.011]*** [0.010]*** [0.010]*** [0.012]x** [0.011] *** [0.010]*** [0.012]x** [0.011]x** [0.011]***
Skill Intensityiog, 0.200 0.222 0.211 0.217 0.233 0.219 0.189 0.219 120.2
. ovel | [0.051]*** [0.056]*** [0.056]*** [0.057]*** [0.061 ]*** [0.061]*** [0.053]*** [0.058]*** [0.058]***
Industry-level controls
Demand elasticity 0.003 0.003 0.000 0.001 0.005 0.004
[0.005] [0.005] [0.005] [0.005] [0.005] [0.005]
U.S. Capital intensity -0.057 -0.058 -0.082 -0.085 -0.029 -0.028
[0.021]*** [0.021]x** [0.021]x** [0.021]*** [0.0 24] [0.025]
U.S. Skill intensity -0.072 -0.101 -0.051 -0.086 -0.102 -0.118
i SIC ind . [0.048] [0.049]** [0.052] [0.049]* [0.049]** [0O51]**
-digit-SIC industry dummies
Observations 1301 1269 1263 1312 1280 1274 1319 7 128 1281
R-squared 0.24 0.25 0.26 0.22 0.24 0.24 0.22 0.23 230

Notes: standard errors are clustered at the 4-8igitindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%.



Table 7: Heterogeneous Effects on Technology Adoption

Dependent variable indicated in columns

Change in Spending in Technology 1996-1992 ProdndtProcess Innovation
1 2 3 4 5 6
Change in Brazil's tariffs
* First Size Quartile -0.888 -0.726 -1.254 -0.037 -0.072 -0.159
[0.606] [0.569] [0.758] [0.115] [0.113] [0.142]
* Second Size Quartile -0.829 -0.633 -1.155 -0.200 -0.228 -0.326
[0.569] [0.632] [0.830] [0.150] [0.145] [0.163]**
* Third Size Quartile -2.184 -1.990 -2.505 -0.385 -0.429 -0.491
[0.612]*** [0.628]*** [0.887]*** [0.132]*** [0.145] *** [0.168]***
* Fourth Size Quartile -0.314 -0.079 -0.596 -0.168 -0.206 -0.294
[0.545] [0.566] [0.781] [0.127] [0.129] [0.152]*
Change in Arg.’s tariffs w.r.t. World
Outputs 0.895 -0.022
[1.146] [0.286]
Inputs -1.404 -0.023
[2.953] [0.577]
Change in Arg.’s tariffs w.r.t. Brazil
Outputs 2.350 0.294
[1.851] [0.283]
Inputs -0.313 0.251
[3.169] [0.699]
Firm-level controls
Second Size Quartile -0.011 -0.046 -0.047 0.086 0.086 0.082
[0.233] [0.233] [0.236] [0.038]** [0.037]** [0.037F
Third Size Quartile 0.009 0.015 0.019 0.110 0.105 0.114
[0.212] [0.219] [0.219] [0.047]* [0.048]** [0.049F
Fourth Size Quartile 0.420 0.435 0.438 0.269 0.266 0.268
[0.217]* [0.222]* [0.222]* [0.041]x** [0.041]x** [0.041]x**
Industry-level controls
Demand elasticity 0.020 0.027 -0.002 -0.002
[0.022] [0.024] [0.006] [0.006]
U.S. Capital intensity -0.193 -0.206 -0.020 -0.021
[0.088]** [0.095]** [0.024] [0.023]
U.S. Skill intensity 0.306 0.128 -0.037 -0.061
[0.170]* [0.226] [0.052] [0.054]
2-digit-SIC industry dummies Yes Yes Yes Yes Yes Yes
Observations 894 872 870 1301 1269 1263
R-squared 0.05 0.06 0.06 0.20 0.20 0.21

Notes: standard errors are clustered at the 4-8igitindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%.



Table 8: Technology Adoption by initial Export Status
Dependent variable: change in log (spending inrteldyy) 1996-1992

1 2 3 4 5 6 7 8
Pandl A: Sample of non-exportersin 1992
Change in Brazil’s tariffs -1.073 -1.255 -1.312 -1.119 -0.992 -1.587 -1.871 .788
[0.520]** [0.513]** [0.494]x** [0.434]* [0.458]** [0.682]** [0.763]** [0.947]*
Pandl B: Sample of exportersin 1992
Change in Brazil’s tariffs -1.116 -1.041 -0.895 -1.105 -0.974 -1.343 -1.012 149
[0.382]*** [0.380]*** [0.409]** [0.404]x** [0.524]* [0.485]*** [0.555]* [0.787]
Controls
Change in Arg.’s tariffs w.r.t. world
Outputs Yes Yes Yes
Inputs Yes Yes
Change in Arg.’s tariffs w.r.t. Brazil
Outputs Yes Yes Yes
Inputs Yes Yes
Firm-level controls Yes Yes Yes Yes Yes Yes Yes
Industry-level controls Yes Yes
2-digit-SIC industry dummies Yes Yes Yes Yes Yes Yes Yes Yes

Notes: standard errors are clustered at the 4-8igitindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%. Nuber of observations in Panel A is 417 or 407 when
input tariffs are included as controls. Numbeob$ervations in Panel B is 477 in columns 1 635, in columns 4 and 6, 475 in column 6 and 46&lomns 7 and 8.

Table 9: Product and Process Innovation by initial Export Status
Dependent variable indicated in columns

All Improvements Improvements in Products Produciwoocess Improvements
1 2 3 4 5 6 7 8 9
Panel A: Sample of non-exportersin 1992
Change in Brazil's tariffs -0.181 -0.290 -0.370 -0.221 -0.326 -0.405 -0.146 .268 -0.336
[0.118] [0.100]***  [0.126]*** [0.126]* [0.112]**  [0.126]*** [0.116] [0.099]***  [0.138]**
Panel B: Sample of exportersin 1992 -0.324 -0.321 -0.412 -0.402 -0.378 -0.454 -0.246 278 -0.363
Change in Brazil’s tariffs [0.130]* [0.141]** [0.184]** [0.159]** [0.151]* [ 0.204]** [0.121]* [0.149]* [0.181]*
Controls
Change in Arg.’s tariffs w.r.t. world Yes Yes Yes
Change in Arg.’s tariffs w.r.t. Brazil Yes Yes Yes
Firm-level controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry-level controls Yes Yes Yes Yes Yes Yes
2-digit-SIC industry dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: standard errors are clustered at the 4-8igitindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%. Nuber of observations in Panel A is 741 in column 1,
725 columns 2, and 3, 747 in column 4, 731 inwis 5 and 6, 753 in column 7 and 737 in columnsdB%



Table 10.1: Export Salesto Brazil
Dependent variable: change in (log) export sal&211996

1 2 3 4 5 6
Panel A: OLS
Change in Brazil's tariffs -2.836 -3.587 -2.402 -3.113 -2.654 -2.291
[1.560]* [1.353]*** [1.622] [1.325]** [1.214]* [1.325]*
Change in Arg.’s tariffs w.r.t. world
Outputs 0.820 3.734
[3.281] [3.380]
Inputs -14.102 3.193
[12.612] [9.810]
Change in Arg.’s tariffs w.r.t. Brazil
Outputs -3.168 -2.689
[4.385] [4.348]
Inputs -4.580 3.317
[11.270] [6.463]
Industry-level controls
Demand elasticity 0.072 0.072 -0.095 -0.095
[0.081] [0.088] [0.074] [0.073]
U.S. Capital intensity -0.286 -0.351 -0.284 -@12
[0.343] [0.309] [0.218] [0.201]
U.S. Skill intensity -1.227 -1.330 -1.287 -1.110
[0.770] [0.871] [0.612]** [0.648]*
2-digit-SIC industry dummies Yes Yes Yes No No No
Observations 100 97 96 100 97 96
R-squared 0.39 0.45 0.45 0.07 0.19 0.17
Panel B: IV
Change in Brazil's tariffs -3.513 -4.227 -3.129 -3.911 -3.376 -3.242
[1.448]** [1.288]*** [1.411]* [1.339]*** [1.270]* *=* [1.341]*
Change in Arg.’s tariffs w.r.t. world
Outputs 0.506 3.639
[2.855] [3.312]
Inputs -15.351 2.111
[10.948] [9.482]
Change in Arg.’s tariffs w.r.t. Brazil
Outputs -2.403 -1.515
[3.646] [4.127]
Inputs -3.812 3.337
[9.310] [6.200]
Industry-level controls
Demand elasticity 0.080 0.077 -0.095 -0.100
[0.069] [0.074] [0.076] [0.075]
U.S. Capital intensity -0.285 -0.343 -0.250 -0.12
[0.293] [0.262] [0.215] [0.201]
U.S. Skill intensity -1.263 -1.401 -1.300 -1.195
[0.651]* [0.739]* [0.591]* [0.625]*
2-digit-SIC industry dummies Yes Yes Yes No No No
Observations 100 97 96 100 97 96
R-squared 0.39 0.45 0.45 0.07 0.19 0.16

Note: Robust standard errors in brackets. * inégaignificant at 10%; ** significant at 5%; ***g@ificant at 1%.



Table 10.2: Export Salesto Brazil , First Stagefor |.V. Estimates
Dependent variable: Change in Brazil's tariffs 19906

1 2 3 4 5 6
Brazil's tariffs 1991 -0.774 -0.761 -0.747 837 -0.765 -0.744
[0.035]**  [0.041]**  [0.038]*** | [0.026]**  [0.029]**  [0.032]***

Change in Arg.’s tariffs w.r.t. world

Outputs -0.064 0.039
[0.099] [0.076]
Inputs -0.163 0.176
[0.345] [0.244]
Change in Arqg.’s tariffs w.r.t. Brazil
Outputs 0.192 0.154
[0.125] [0.109]
Inputs -0.164 -0.068
[0.254] [0.147]
Industry-level controls
Demand elasticity 0.002 0.001 -0.002 -0.002
[0.002] [0.002] [0.001] [0.002]
U.S. Capital intensity 0.006 0.005 0.005 0.003
[0.010] [0.009] [0.005] [0.006]
U.S. Skill intensity -0.011 -0.022 -0.011 -0.016
[0.015] [0.016] [0.012] [0.012]
2-digit-SIC industry dummies Yes Yes Yes No No No
Observations 100 97 96 100 97 96
R-squared 0.95 0.95 0.95 0.94 0.94 0.94

Note: Robust standard errors in brackets. * inégaignificant at 10%; ** significant at 5%; ***gmificant at 1%.



Table 11.1: Domestic Sales, Effect of Argentina’sariff Reductions w.r.t Brazil
Dependent variable: change in log (domestic sdl@8%-1992

1 2 3 4 5 6 7
Change in Arqg.’s tariffs w.r.t. Brazil
Outputs 1.431 1.520 1.082 1.421 1.153 0.767 0.893
[0.547]** [0.565]*** [0.527]** [0.524]*** [0.523]** [0.550] [0.649]
Inputs -0.598 -0.131 -0.444 -0.634 -0.819
[1.508] [1.349] [1.251] [1.246] [1.196]
Change in Brazil’s tariffs 0.180 0.268 0.351
[0.249] [0.211] [0.260]
Firm-level controls
Log (Employmentygy) 0.616 0.621
[0.114]%* [0.115]***
Skill Intensityigg -0.010 -0.011
[0.014] [0.014]
Industry-level controls
Demand elasticity 0.005 0.005
[0.015] [0.016]
U.S. Capital intensity 0.113 0.112
[0.051]* [0.051]*
U.S. Skill intensity 0.000 0.078
[0.090] [0.116]
2-digit-SIC industry dummies Yes Yes Yes Yes Yes sYe Yes
Observations 1374 1342 1342 1342 1374 1342 1342
R-squared 0.06 0.06 0.08 0.07 0.06 0.09 0.07

Notes: standard errors are clustered at the 4-8i@itindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%.

Table 11.2: Domestic Sales, Effect of other TarifReductions
Dependent variable: change in log (domestic sdl@8%-1992

1 2 3 4 5
Change in Brazil's tariffs 1.065
[1.444]
Change in Arg.’s tariffs w.r.t. Brazil
Inputs 0.382
[0.245]
Change in Arg.’s tariffs w.r.t. the world
Outputs -0.816 -1.078
[0.736] [0.724]
Inputs 1.799 2.150
[1.484] [1.591]
2-digit-SIC industry dummies Yes Yes Yes Yes Yes
Observations 1348 1380 1380 1348 1348
R-squared 0.06 0.06 0.06 0.06 0.06

Notes: standard errors are clustered at the 4-8i@itindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%.
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Appendix A: Theoretical Model, Industry Equilibrium
A.1 Proof that the sorting of firms in technology and exporting choices are the ones described in
Figurel
To solve for the optimal exporting and technologgices as a function of productivity | split the
productivity space in segments where exporting dates non exporting regardless of
technology choice and vice versa, based on thewolly propositions:

Proposition 1 If a firm finds exporting profitable under techagly I, then that firm also

finds exporting profitable under technololgy
() > 11 (§) = 7, ($) > 71, (9)

Proof
(8) > 7 (9) = r% E(Pp) ¢ > f, =

r% E(Po)  ¢° Yt > £, = ' (9) > 7 (&)

Then, if ¢* is defined as the level of productivity above wha firm using technologly finds
exporting profitable f°(¢,) = 77(#, ), Proposition 1 implies that all firms with
@ > ¢, export, regradless of technology choice.

Proposition 2 If a firm finds does not find technolodyprofitable when exporting, that
same firm does not find technolobyrofitable when only serving the domestic market:

(9) > m(P) = 71 (8) > 70, (9)



Proof

7 (9) > () = 1+ rl‘”)% E(Po) ¢ (y -1)< f (-1 =

1 ot st o
~EPof 7 )< -0 = 7 9) > 7 (@)

Then, if ¢"is defined as the level of productivity above Whan exporter finds adoption of
technologyh profitable [77(g,) = 77*(#, )], Proposition 2 implies that all firms wit < ¢"use

technologyl, regardless of export status.

There are two possible configurations for the tebbgy and export status decisions:
1. ¢x < ¢h
In this case, propositions 1 and 2 imply that fiimshe range

-p < p< @, only serve the domestic market and use technology
- ¢, <@ < ¢, use technology but also export

- ¢, <@ both export and use technology

2. ¢h <¢x

In this case there are two possible situations:

2.a. The marginal firm using technolodyis only serving the domestic market. Thus, in
equilibrium there are firms only serving the donmestarket and using technologyyfirms only
serving the domestic market and using technolggand exporters using technology That is,
there are no exporters using technolbgy

2.b The marginal firm using technolof@yis an exporter. In equilibrium there are only dstree
firms using the low technology and exporters udimg high technology. That is, in this case

there are no exporters using technolbgither.

A.2 Solution for expected profits 77

To solve for expected profits, first note that tlvay be expressed as:
=14 (By) + P, 7x(9,)

where 774 (q;)d )are expected profits from domestic sales:



- _1 o 7 2\1-Glg"
m=Le@ors, - 1-10 1)% A1)

and ¢~5d is the expected productivity level of home sumyfirms:

0

i i 9(9) 9O _gy)”
¢d_(j¢ﬂ<¢<¢h(¢) 1-G(¢") g+ J-¢h<¢ya W(MJ

P, :%Egj; is the probability of exporting an (¢~X are expected exporting profits:

o-1
(9 = E(Pp) 1+ [¢x(¢ﬂ)} -,
and ¢~5X is the expected productivity level of home firrhattexport:

0. [, @) a@)ae+ () ‘1g(¢)d¢f

| first expresszz as a function of the exit cutoffry (¢~5d can be written as a function of the exit
cutoff substituting for the solution fo¢“(¢D) (eq. 3) in eg. (A.1) and using the zero profit

condition for the marginal firm (eq. 1) to elimieathe aggregate variablels (and P) in eq.

(A.1). 7_Tx(¢~x) can also be written as a function of the exit fiudy substituting for the solution

for ¢X(¢D) and ¢h(¢D) (egs. 2 and 3) in the definition dfx to obtain¢~x(¢D) and also using
the zero profit condition for the marginal firm tine foreign country (that is identical to the one
at home (eq. 1) because of the symmetry assumpbtagl)minate the aggregate variabl&sapnd

P). After some algebra, the solution for expecteafifgis (5).



Appendix B: Theoretical Model, Compar ative Statics

B.1 Proof thataa—z<0: note thataﬂ :{ o-1

% <0 becauseo >1, k>(o-1)
or k-(o-1) T

ARG nea o p-1 )
and—=-kr ™| == | X-kll+r7f* 7 -1)<0 .
e (5] e e (g ey
B.2 That % >0 can be seen from equation (9) where the sigr‘zrppfis the opposite of the sign
of &,

B.3 That% <0 can be seen from equation (6) where the sigrﬁ#f is the same as the sign of

oA,
or

B.4 Proof that% >0 : differentiate equation (7) w.ri.

o9 [ 1 _o-1 Y(n)"olair
or I\ k-(o-1) f or

then, aso > land k > (o -1), itis sufficient to consider the sign of the Igstm. As

a\k s «
N = r"{(%} ] %+Tk(1+r”)”k{( y’ZfJ (n- )]

the last term is:

MZE(A@)“{WM{( L j”kl(n—l)} 1)

or k

where
A= kr"‘l(1+ rl‘”)”i’l - r"k(1+ rl‘”)”i’l_lr’” >0
because:

1-o

T

A>0 = ki {4 7o F7 > i+ e F e o1 )

0 A%rj
Then, as all terms in equation (B.1) are positivg,— >0, and then% >0 .

B.5 Proof that%: >0 : first, note that ask >0, sign’ = signﬂ%J



o [l e

R

or E\k-(c-1))\y*-1 ar

Then, it is sufficient to consider the sign of ttierivative of the last term w.r.t.r ,

e

where the last term is:

AL+ 7o) = {(1+ SRR (N e %T;k + K 7-1 j_“ (7 —1)]}

-1

Then,

t( +7 ) _ k(1+ Tlg)al[(l+ rl‘”)_lr_g(l"' r~ A J - T_k_lL ]
or f f

k. a| A, (1+r1‘”)_?1
As k(1+ rl“’) “* >0, then the sign of# is the same as the sign of the last

term: which | show below is> 0as long as7?*f > f which will be the case if trade costs

are such that not all firms export:

a

-1-k g-1-k
-1 1 f -1
-7 = >0

(1+ rl‘”)_lr‘”[ﬂ r~ %




Appendix C: Theoretical Model, The Case Where All Firms Export

Suppose the marginal firm is an exporter. In thisegp” would be defined by:

(@) =0 [+ rl-”)% E(Pp) (o) -t -1, =0 (.1

Then, the technology adoption cutoff would be

1

he o 7-1 )7
v

and expected profits would be

S IR

Then, a reduction i would not affect expected profits, thus the exiiofuwould also remain

unaffected. As a result, as can be seen in eq) (Belprice level would fall in such a way to
offset the increase in revenues produced by thénfal, then the benefit of technology adoption
(that is proportional to revenues) would not inseealhe reason why this does not happen when
not all firms export is that the reduction m produces an advantage for the more productive
firms relative to the marginal firm, thus its pogt impact on revenues is not offset by free
entry.



Appendix D: Data Description

D.1 Methodology used to compute input tariffs

| computed input tariffs for each 4-digit-SIC indiysin a similar way as in Amiti and Konings
(2007). The Input tariff for each industry is congul as weighted average of the tariffs of all
inputs used, where the weights are based on thesbtase of each input, according to the

following formula:

input tariff , = ZWU- x tariff,, where  w,

=G
i ! Zaij

wherej indexes the 4-digit-SIC industry for which the unpariffs is computed; indexes the 4-

(D.1)

digit-SIC industry producing the input, ahehdexes timew; denote the cost share of each input
i in the production of output andg; is total expenditure in input by industryj. These
expenditure shares include both domestic and iragdrtputs, as the objective is to assign the
relevant input tariff to each industry based onitluts used, irrespective of whether these are
imported or not.

| obtained data om; directly from the “Use Matrix at Buyer Pricesbmputed by the National
Institute of Census and Statistics (INDEC) of Artjea for the year 1997 This is the closest
year to the period under study (1992-1996) withilalske data, as the previous matrix was
elaborated in 1973The columns of the matrix correspond to econoadivities demanding
inputs and the rows to the cost of the inppt®ducts) demanded. For the industrial sector there
are a total of 79 activities and 115 products (ispwclassified according to an ad-hoc
classification (MIPAr97) that follows very closelye 4-digit-SIC industry classification.

To calculate input tariffs according to formula {IP] constructed a correspondence between the
MIPAr97 classification for products and the 4-di§iC classificatiorf. The construction of the
correspondence was straightforward as most MIPAn®@ducts had a single match and a few
matched to more than one 4-digit-SIC industry.thimse cases | computed the product tariff as a
weighted average of the tariffs of each of the giteblC-industry tariffs where weights were
given by imports. With this information | appliedrmula (D.1) to find the input tariff
corresponding to each MIPAr97 activity.

! The data and description of the methodology usemmpute the matrices are available on INDEC'ssiteb
http://www.indec.mecon.ar/principal.asp?id_tema=621

2 The MIPAr97 classification is in Spanish and | o it to the 4-digit-SIC classification in EnglisWhen in
doubt about the translation of some product orvigtil used the translations available in the Uditdations
Classifications Registry onlintgtp://unstats.un.org/unsd/cr/registry/default.asp

7



Next, to match the input tariff corresponding taleaviiPAr97 activity to the firm-level dataset |
constructed a correspondence between the MIPAr8vitgaclassification and the 4-digit-SIC
classification. The construction of this corresp@mce was also straightforward as the majority
of MIPAr97 activities had a single match and somatched to more than one 4-digit-SIC

industry, in which case | assigned the same irguift to both.
D.2 Discrete Measures of Technology Adoption
The survey (ETIA) includes the following 9 YES/NQ@aestions referring to improvements and

innovations achieved between 1992 and 1996:

Improvements in Products

1. Technological improvement of existing products

2. New product because of advances in sciengfithtological basis

3. New product because of new production process

4. New product because of employment of new raverrads or intermediates

5. Product differentiation

Improvements in Production Process

1. Technological improvement of existing processiie same product

2. New process associated to advances in scietadtnological basis

3. New production process for new product

4. Machinery and equipment associated to new pseses

D.3 Measures of Employment in Primary School Equivalents and Skill Intensity
| aggregated workers into two skill categorieill&d workers § are college graduates plus
tertiary education graduates converted to colleggvalents® Unskilled workers () are primary

school graduates plus high school graduates caved primary school equivalerftsThe

% College graduates completed 5 to 6 years of eiurcafter high school, while tertiary graduates pteted 3 years
of education after high school.

* The survey classifies workers according to edunatiat although it distinguishes between enginestegr
college and tertiary degrees it does not distirfguighin the categories of high school graduates@mary school
graduates. These last two categories are poolethtgfor non-production and R&D workers and akeddid into
“skilled and specialized” and “unskilled” for proction workers. As all the analysis in this papegoesformed
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conversion of workers to college and primary scheguivalents was done using the 1992
industrial sector wage preniaEmployment in primary school equivalents is corepugs:

L =5 (w/w,),,+U, Where t=1992, 1996.

Skill intensity is measured as the share of skilsdabr in employment in primary school
equivalents:
(5) = S (Ws/ Wu )1992
L t S (Ws/Wu)1992+Ut
wheret = 1992 , 1996. As skilled labor is weighted by shél premium in 1992, changes in this

share only reflect changes in quantities of skiled unskilled labor, and not changes in the skill

premium.

D.4 Proxy for Initial Productivity

In the model heterogeneity is given by labor prawhity holding technology constan#), which

is not observable in the data. The informatiorhi $urvey does not allow to estimate a measure
of productivity by inference from the residual ihet production function because it lacks
information on value added and a long-enough sefi@svestment to construct a measure of the
capital stock. As a proxy for initial productivjty use initial firm size in terms of (log)
employment in primary school equivalents relativette 4-digit-industry average. Alternatively
(log) domestic sales relative to the 4-digit-indystould be used as a proxy for initial
productivity. | prefer the employment measure beeaiti reflects value-added better than sales,

as long as there are differences in the level dfoa integration across firms.

D.5 Sector-level measures of capital and skill intensity in the U.S. from the NBER productivity
database.

pooling high school and primary school workers itite unskilled labor category this does not present
inconveniences, except that it affects the weightihthese types of workers to convert them in priyrschool
equivalents. For this purpose workers have bedgress into one of these categories by assumingtieadverall
share of high school and primary school workethéssame as the one reported in the next wavaso$tinvey
(1998-2001) that does differentiate between thdseaional categories. Then, workers reported gis $thool or
primary school workers in non-production and R&[E assigned in a fraction 0.46 to high school greetud-or
production workers, “skilled and specialized” warkare also assigned in a fraction 0.46 to higloskchraduates
while “unskilled” workers are assigned to primachsol graduates. Alternative assignments or measfrihe
relative employment of skilled workers unweightsdskill premiums give similar results to the oneparted.

® Estimated by mincerian equations from Household&udata in Galeani and Sanguinetti (2003) andh&rsi et
al. (2002).



Average capital and skill intensity in the indusinythe U.S. in the 1980’s obtained from the
NBER productivity database. The measure of capitahsity is capital (real equipment plus real
structures) per worker, although other measuresdikly real equipment capital per worker, or
capital over value added provide similar resultse Theasure of skill intensity is the ratio of non-
production to production workers in the industrithaugh the relative wage share of non-

production workers was also used providing sinriésults.
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TableD.1
Summary Statistics
ETIA Panel, Year 1992.

Non-exporters Exporters All Observations

Employment 122571 376.237 220736 1380
[8.949] [24.839] [12.17]

Employment in primary school equivalents 147.380 477.154 286.698 1380
[10.249] [32.253] [15.48]

Sales 9,609.766 40,385.240 22,611.2881380
[678.182] [4510.816]  [1,987.16]

Skill intensity 0.125 0.202 0.158 1380
[0.006] [0.007] [0.005]

Spending in technology per worker 0.303 0.820 0.521 1380
[0.035] [0.105] [0.049]

Investment in capital goods per worker 3.202 3.358 3.268 1380
[0.806] 0.432] [0.500]

Spending in technology per worker / ST>0 0.557 0.998 0.788 913
[0.061] (0.127] [0.073]

Investment in capital goods per worker / 1>0 ~ 4.965 3.987 4.487 1005
[1.243] [0.508] [0.682]

Index of all improvements 0.38 0.529 0.443 1264
[0.011] [0.012] [0.008]

Index of product improvements 0.306 0.449 0.368 1312
[0.011] (0.013] [0.009]

Index of production process improvements ~ 0.327 0.482 0.394 1319
0.012] (0.014] [0.009]

Export share of sales/ Exports >0 0.159 583

[0.010]

Notes: Standard errors of means in parentheseglogment in number of workers, employment in prignachool equivalents
in number of primary school workers, sales in tlaoas of 1992 pesos (exchange rate: 1 peso / US$spgnding in technology
per worker and investment in capital goods per woik thousands of 1992 pesos per worker in effijeunits. Further detail
on dataset and variable definitions in sectiona.@xt and Appendix D.

TableD.2: Firms per Quartile of the Firm Size Distribution in 1992

Quartile Full Sample

Sample with data
on innovation index

Simple vapittsitive
ST in 1992-1996

Panel A: Number of firmsin the sample per size quartile

1 346 329 126

2 339 318 210

3 350 329 264

4 345 325 294

Total 1380 1301 894
Panel B: Percent of total observationsin the sample

1 0.25 0.25 0.14

2 0.25 0.24 0.23

3 0.25 0.25 0.30

4 0.25 0.25 0.33

Total 1.00 1.00 1.00

Note: The measure of firm size used to define dearis employment in primary school equivalentatiee to the 4-digit-SIC
Industry mean in 1992.
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Appendix E: Suplementary Tables

Table E.1: Spending in Technology per worker

Dependent variable: change in log (spending inrteldgy per worker) 1996-1992

1 2 3 4 5 6 7 8
Change in Brazil's tariffs -1.066 -1.038 -0.934 -1.021 -0.854 -1.310 -1.271 -1.213
[0.333]*** [0.334]*** [0.312]*** [0.293]*** [0.335]** [0.448]*** [0.505]** [0.658]*
Change in Arg.’s tariffs w.r.t. world
Outputs 1.520 1.669 1.794
[1.006] [1.027] [1.062]*
Inputs -1.981 -2.358
[2.490] [2.613]
Change in Arg.’s tariffs w.r.t. Brazil
Outputs 1.550 1.941 1.955
[1.244] [1.277] [1.824]
Inputs -1.264 -1.407
[2.741] [3.021]
Firm-level controls
Log (Employmentgg,) 0.196 0.197 0.204 0.203 0.197 0.206 0.206
[0.031]*** [0.031]*** [0.032]*** [0.031]*** [0.031]*** [0.032]*** [0.032]***
Log (Sales per workegs,) 0.535 0.543 0.502 0.494 0.559 0.548 0.536
[0.228]** [0.228]** [0.245]** [0.243]** [0.226]** [0.229]** [0.225]**
Log (Sales per workeysy)? -0.075 -0.077 -0.072 -0.070 -0.078 -0.077 -0.074
[0.026]*** [0.026]** [0.028]** [0.028]** [0.026]*** [0.027]** [0.026]***
Skill Intensity;ggn 0.194 0.184 0.148 0.136 0.149 0.091 0.103
[0.214] [0.213] [0.213] [0.216] [0.219] [0.220] Fr0]
Industry-level controls
Demand elasticity 0.009 0.023
[0.026] [0.027]
U.S. Capital intensity -0.131 -0.144
[0.088] [0.090]
U.S. Skill intensity 0.262 0.100
[0.162] [0.228]
2-digit-SIC industry dummies Yes Yes Yes Yes Yes sYe Yes Yes
Observations 894 894 894 872 872 892 870 870
R-squared 0.04 0.09 0.09 0.09 0.09 0.09 0.09 0.09

Notes: standard errors are clustered at the 4-8igitindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%.



Table E.2: Spending in Technology per worker by initial Export Status
Dependent variable: change in log (spending inrteldgy per worker) 1996-1992

1 2 3 4 5 6 7 8

Pandl A: Sample of non-exportersin 1992

Change in Brazil's tariffs -0.911 -1.011 -0.914 -0.930 -0.830 -1.332 -1.519 459
[0.530]* [0.493]** [0.464]* [0.410]* [0.427]* [0.664]** [0.762]** [0.933]

Pandl B: Sample of exportersin 1992

Change in Brazil’s tariffs -1.199 -1.093 -0.950 -1.134 -0.960 -1.268 -1.022 .002
[0.351]*** [0.360]*** [0.391]* [0.364]*** [0.451]** [0.473]* * [0.588]* [0.802]

Controls

Change in Arg.’s tariffs w.r.t. world

Outputs Yes Yes Yes

Inputs Yes Yes

Change in Arg.’s tariffs w.r.t. Brazil

Outputs Yes Yes Yes

Inputs Yes Yes

Firm-level controls Yes Yes Yes Yes Yes Yes Yes

Industry-level controls Yes Yes

2-digit-SIC industry dummies Yes Yes Yes Yes Yes Yes Yes Yes

Notes: standard errors are clustered at the 4-8igitindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%. Nuber of observations in
Panel A is 417 or 407 when input tariffs are inldd as controls. Number of observations in PBrigl477 in columns 1 to 3, 465 in columns 4 and in column 6 and
463 in columns 7 and 8.



Table E.3: Technology Adoption by Quartile of the Firm Size Distribution

Alternative M easur es of Technology Adoption: Spending in Technology per worker, Product and Process | nnovation

Dependent variable indicated in columns

Change in Spending in Technology per worker Product Innovation Index Process Innovation Index
1996-1992
1 2 3 4 5 6 7 8 9
Change in Brazil's tariffs
* First Size Quartile -0.720 -0.561 -0.853 -0.042 0.074 -0.157 -0.026 -0.072 -0.153
[0.651] [0.598] [0.819] [0.104] [0.109] [0.129] JB7] [0.134] [0.168]
* Second Size Quartile -0.843 -0.650 -0.876 -0.280 -0.286 -0.380 -0.144 -0.200 -0.289
[0.547] [0.590] [0.837] [0.170] [0.161]* [0.171]* [0.141] [0.140] [0.165]*
* Third Size Quatrtile -2.124 -1.917 -2.179 -0.483 0.521 -0.579 -0.283 -0.341 -0.399
[0.565]*** [0.597]** [0.898]** [0.128]*** [0.143]*** [0.162]** [0.160]* [0.168]** [0.191]*
* Fourth Size Quartile -0.304 -0.077 -0.314 -0.221 -0.250 -0.333 -0.115 -0.170 -0.250
[0.530] [0.547] [0.807] [0.151] [0.152] [0.163]* [0.122] [0.127] [0.157]
Change in Arg.’s tariffs w.r.t. World
Outputs 1.669 0.016 -0.086
[1.082] [0.291] [0.312]
Inputs -2.663 -0.195 0.126
[2.632] [0.668] [0.591]
Change in Arg.’s tariffs w.r.t. Brazil
Outputs 1.122 0.426 0.112
[1.817] [0.302] [0.304]
Inputs -0.310 -0.118 0.667
[3.200] [0.687] [0.749]
Firm-level controls
Second Size Quartile 0.119 0.098 0.120 0.047 0.053 0.049 0.112 0.106 0.102
[0.237] [0.237] [0.240] [0.038] [0.038] [0.038] el [0.045]* [0.045]**
Third Size Quartile 0.177 0.204 0.212 0.062 0.059 .06D 0.158 0.150 0.159
[0.213] [0.220] [0.221] [0.044] [0.044] [0.044] JUB8]*+ [0.058]** [0.060]**
Fourth Size Quartile 0.668 0.699 0.713 0.236 0.236 0.237 0.300 0.293 0.295
[0.208]*** [0.212]** [0.212]*** [0.044]*** [0.044]** [0.043]*** [0.047]x* [0.047] *** [0.047]**
Industry-level controls
Demand elasticity 0.004 0.014 -0.005 -0.004 00.0 -0.002
[0.023] [0.026] [0.006] [0.006] [0.007] [0.007]
U.S. Capital intensity -0.124 -0.137 -0.046 -0.04 0.008 0.008
[0.087] [0.096] [0.025]* [0.023]** [0.026] [0.08
U.S. Skill intensity 0.312 0.188 -0.015 -0.048 0.066 -0.078
[0.163]* [0.233] [0.054] [0.054] [0.053] [0.056]
2-digit-SIC industry dummies Yes Yes Yes Yes Yes sYe Yes Yes Yes
Observations 894 872 870 1312 1280 1274 1319 1287 2811
R-squared 0.08 0.09 0.09 0.18 0.19 0.19 0.18 0.19 19 0

Notes: standard errors are clustered at the 4-8i@tindustry level. * indicates significant at%0** significant at 5%; *** significant at 1%.




