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Trade liberalization can increase productivity loglucing a better allocation of production
factors or the adoption of more advanced technefogihe recent trade literature [Nina Pavcnik

(2002), Marc Melitz (2003), Andrew B. Bernard et @003) and James R. Tybout (2003)] has
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emphasized the first channel: trade integratiofiaeaes market shares towards exporters, the
most productive firms, increasing aggregate pradiigt In this paper | show that, in addition,

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

| study the impact of a regional free trade agrednun technology upgrading by
Argentinean firms. To guide empirical work, | intitece technology choice in a model of trade
with heterogeneous firms. In the model, more petigia firms make higher revenues, therefore
are the only ones that find paying the fixed cdstgnter 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 trabderalization episode: MERCOSUR. |
directly estimate the impact of the reduction irm8l'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 averag296s 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 penfadt within the firm like R&D. This permits

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



to build a direct and comprehensive measure ofstmvent in technology instead of relying on

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

In a first analysis of the data | check whether dbding pattern predicted by the model
is consistent with the observed differences betveegoorters and non exporters operating in the
same industry. In the model, underlying producyindtfferences 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 liberalizatiperiod both old and new exporters upgrade
technology faster than non exporters, which is icor@d 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 besedly 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 at®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.

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



The model predicts that in industries where tafdé more, both the productivity cutoff
to enter the export market and to adopt the nelni@ogy 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 poimtsieases the probability to enter the export
market by 10 to 12 percentage points.

Next, to asses the impact of falling tariffs on taehnology adoption decision | estimate
the change in spending in technoldgy a function of the change in tariffs. | find thians
increase their spending in technology faster irugtdes 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 effetsimilar magnitude on old and new exporters,
as suggested by the within industry patterns irdtta 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 around double the size than the geeeéfects for all firms reported above.

The empirical identification of the effect of falg export costs on entry in the export

market and technology upgrading is based on a gkredl differences-in-differences estimation,

¥ 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 seriewesiment that
would permit to calculate productivity as a residafaan estimated production function.



where the sources of variation are the changesrazil® tariffs for imports from Argentina
across time (1996 - 1992) and across 4-digit-ISt@ustries. Note that, as MERCOSUR
mandates that tariffs fall to zero in all indusdrié relatechangesn technology spending to the
initial level of Brazil’s tariffs. The focus on changes in teclogy differences out time-invariant
industry characteristics that might be correlateith \Brazil's tariffs. The use of the initial level
of Brazil’s tariffs minimizes reverse causality cemns. Still, a main potential problem is that
other reforms carried out in the same period chalde had heterogeneous effects on industries
with different characteristics.| address this concern by showing that results rabeist to
controls for industry trends at the 2-digit-1SIGshgregation level and the likely determinants of
Brazilian trade policy: skill, capital intensity @mhe elasticity of demand of the industry at the 4
digit-ISIC dissagregation level.

The model developed in this paper builds on anrskte theoretical literature analyzing
the effects of trade on technological chahde particular, it was inspired by the insight ttat
reduction in trade costs increases the share wisfithat export and use the most advanced
technology in Stephen R. Yeaple (2005). The maddalesent differs from Yeaple’'s in that
heterogeneity in exporting and technology choicehis result of ex-ante heterogeneity in
productivity” To my knowledge, the model presented in this pap#re first to show that when

firms are heterogeneous the presence of fixed tdoby adoption costs implies that the trade-

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

®Gene M. Grossman and Elhanan Helpman (1991) pravidemprehensive analysis of the effects of ecoaomi
integration on innovation and growth; JonathanoBaand Samuel Kortum (2001) discuss the effectoafel
barriers to trade on innovation, in particularthieir baseline model the effect of a bigger masket is counteracted
by the increased competition with technologies eddid in imports, so that there is no effect of Ipwarriers to
trade on innovation.

"In Yeaple (2005) firms are ex-ante homogeneousirbequilibrium all firms are indifferent betweemtering the
export market and adopting the new technology oiirsg only the domestic market and using the otdhtelogy.



induced reallocations of market shares towards megocan induce them to upgrade technology.
This differential feature of the model is importdantinterpret the empirical findings reported
above: the reduction in tariffs induced technolegipption mostly the "3 quartile of the firm
size distribution, and not only new exporters dabdirms that were already exporting upgrade
technology when variable trade costs fall.

The empirical work presented in this paper is eglao the literature that analyzes the
guestion of whether export market participation agsositive impact on productivity. The first
studies by Sofronis K. Clerides, Saul Lach and Tyba1998) for Colombia, Mexico and
Morocco, and Bernard and Jensen (1999) for the UWirel that exporters have higher
productivity than non exporters, but this is beeaex-ante more productive firms become
exporters, while there are no effects of exportingproductivity. Instead, recent papers in this
literature like Johannes Van Biesebroeck (2005) Zaru De Loecker (2007) find increases in
productivity after firms enter the export marketlwory Coast and Slovenia, respectively. This
paper differs from this literature in that the ame of interest is technology instead of
productivity; and in that it analyzes the effect lofateral trade liberalization on technology
adoption, not the effect of exporting.

The first departure from previous literature, name¢he focus on investment in
technology as the outcome of interest, has therdadga of isolating a particular mechanism

through which firm-productivity can improve Earlier studies have often estimated productivity

8 A similar approach was followed by Eric Verhoog@0@8) who develops a model where increased tratle wi
more developed countries increases productiongli fuality goods and tests it in the context of MeX 1994
devaluation. The mechanism generating quality uwfigopin his model is the higher valuation for higmality goods
of consumers in developed countries, the U.S. is thse. Instead, in this paper the analysis facosetrade
liberalization between two countries of a similavél of development, Argentina and Brazil, thus tiechanism
generating technology upgrading is of a differeatune: increased revenues for exporters to a cpwith identical
homothetic preferences. Sitill, in the model tedbgy upgrading can be interpreted alternativelyragucing
marginal production costs or increasing quality.



as a residual in the production function. Thesalusds not only capture differences in technical
efficiency across firms but also differences in kearpower, factor market distortions, or
changes in the product mix, as suggested by trentework by Lucia Foster, John Haltiwanger,
and Chad Syverson (2008), Chang-Tai Hsieh and Rd&row (forthcoming) and Bernard,
Stephen Redding and Peter Schott (forthcomingpeas/ely. More importantly, changes in
technology not only affect productivity but can kawnplications for factor markets if new
technologies use skilled labor more intensivelyndeled, several studies have documented
increases in the relative demand for skill in depelg countries during the trade liberalization
period? leaving the open question of whether skill-biass=thnological change might have been
an endogenous response to trade liberalizationis péyper provides evidence for a particular
channel through which increased trade can induomsfito upgrade technology, namely
increased export revenues.

The second departure from existing literature, ngrtee estimation of the impact of a
reduction in a trading partner’s tariffs on investrhin technology instead of the effect of export
market participation, parallels the comparativetistaxercise that naturally emerges from a
model where both the decision to export and adephrtology are endogenous, thus each
variable is a direct function of tariffs. This egme is aimed to address the policy question of
what is the effect of a reduction in a trading perts tariffs on technology investment, for which
comparison of exporters and non exporters across ¢an only offer indirect evidence. Indeed,
the finding that entry in the export market is agsociated with increases in productivity in the
absence of trade reforms can be explained by ees$ponding to temporary opportunities to sell

in a foreign market. The opposite finding, evertha context of a trade reform, can't be fully

° Pinelopi K. Goldberg and Nina Pavcnik (2007) rewnd discuss these studies.



attributed to it, specially in the context of sitameous implementation of other market-
oriented reforms that might have made it possilble Some firms to invest in productivity
improvements and thus enter the export market.

The empirical methodology implemented in this pajadiows the literature measuring
the effects of trade liberalization on economiccoutes through changes in taritfsThe focus
of most studies has been unilateral trade libexibns while 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 Daniel Treflef2004) analysis of the Canada-U.S. Free Trade
Agreement. To my knowledge, this paper’'s analy$isf@RCOSUR 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 thosedoantemporaneous study of the Canada-U.S.
Free Trade Agreement by Alla Lileeva and Trefleortficoming). Their finding that the
reduction in U.S. tariffs only induced productivitycreases in the least productive new entrants
in the export market for the case of Canada camstragh the findings for Argentina where the
reduction in Brazil's tariffs induced technologygrading mostly in the 8 quartile of the firm-
size distribution and not only in new but also id exporters. As | discuss in the theoretical
section of the paper, the result that old exporiggrade technology when trade costs fall only
obtains when the costs of technology adoption ajle (relative to fixed exporting costs) which

is more likely to be the case in developing co@stri

19 This literature includes studies of the impactratle liberalization on inequality like Orazio Attsio, Goldberg
and Pavcnik (2004) for Colombia, Petia TopalovaO8O0for India, and the study of the impact of #ad
liberalization on productivity in Colombia by Ana&ifhandes (2007).



The remaining of the paper is organized as folloWise next section presents the
theoretical model and derives the empirical préaist on the effects of trade liberalization on
entry in the export market and technology upgradiggction Il describes the trade liberalization
episode and the data set. Section Il presentenarical strategy and tests the predictions of

the model. Section IV concludes.

l. 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 caissif a single monopolistically competitive
industry where firms produce differentiated produahder increasing returns to scale, and using
a single factor of production, labor, as in Pauldinan (1979). 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 adoptiawst, as in Yeaple (2005).

A. Set up of the Model

Each country is endowed with L units of labor useg@groduce differentiated products in a single
industry. The symmetry assumption ensures that syaghich are the numeraire, and all
aggregate variables are the same for both countrigesent the discussion from the point of
view of the home 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 acfoss using the same technologyThis
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 draw their produtyiviom a known Pareto cumulative distribution
function G(@) =1-¢* with k> 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 codt ¢ ) and a
fixed cost (f ), both in terms of labor. Firms can choose to apgrtheir technology in the
following sense: by paying an additional fixed ctisey can reduce their marginal cost of
production. This can be represented as a choiogebet two different technologidsand h,
whereh features a higher fixed cost ) and a lower marginal costf )% ].)The resulting total

cost functions under each technology are:
— q
TG(a.¢) = (f +EJ

T ) =| f ij
G.(a.9) (/7+y¢

wheren >1 and y >1. Then, in this setup, there is a part of firm prcduty that is the result of
luck but firms can also take actions to increasdr throductivity. A simple interpretation would
be that before entering an industry firms engagproduct development, but the value of that
product/its marginal production cost is revealedly after it has been developed and thus the

cost of product development is sunk. At the produmcstage, firms can take actions to increase

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.
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the quality of the product or further reduce itsrgnaal cost, by paying a higher fixed production

cost every period. Finally, in every period theran exogenous probability of exid . )

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-umbécg trade costs, so tlmatnits need to be
shipped for 1 unit to make it to the foreign coyntr

Demand

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

o=1/(1-p)>1. These preferences generate a demand funq(w):EP”"l[p(a))]_” for
every varietyw, wherep(w) is the price of each variety?:UOM p(a))l“’da)}m is the price

index of the industryM is the number (measure) of existing varieties Rmglthe aggregate level

of spending in the country.

B. 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 (¢) =1/(p¢) in the
domestic market and a higher price in the expontketap(¢) =7/(pg). If instead the firm

uses technologyh, it charges lower prices in both marketg! (¢) =1/(pgpy and

Py (@) =T (o).
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To make the joint decision of whether to enter éxport 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 andchgsiechnology:
n.d - 1 o-1 ro-1 _

") =~ E(Po)f g7 - f

Profits if only serving the domestic market anthggechnologyh:

1 ol xod e
(@)=~ E(Pp) 977y = T
Profits if also exporting and using technoldgy
(@) =) S E(POY g - T - 1,
o
Profits if also exporting and using technoldgy
1-0 1 o-1 ,0-1, ,0-1

7)== E(P) 9y - 1 1,

Note that the assumption that both countries agatidal and trade costs are symmetric
implies that the price indef) and the expenditure lev€E) 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 &’ (¢*) =7 (¢* ) and ¢"is defined as the level of
productivity above which an exporter finds adoptioof technology h profitable

[77(¢") = (¢")]. In Appendix A | show that in this equilibriunirins sort into four different

2 More precisely a transformation of firm's produit$i: ¢‘H.
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groups: the least productive firnﬁ¢ <¢D) exit, the low productivity firms(¢D<¢ <¢X) only
serve the domestic market and use technologpe medium productivity ﬁrm@)X <¢ <¢“)

still use technology but also export, and the most productive filign%< ¢) 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 thatti®ea 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
restrictions for this ordering of cutoffs to apply-he opposite cas@y)X >¢“) is one where the

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

empirical findings | report in the next section.

Figure 1

Exporting and Technology Choices
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f+f [ i

f,7 .-“"." B L Lt
e
s

fn+f v

) -1 Technologyl x\o-1 Technologyl hyo-1  Technologyh
Exit (¢ ) Don't Export (¢ ) Export (¢ ) 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 highebken using technologlyand only serving the
domestic market. Then the exit cutgff is defined by:

1) (¢ =0 - ZE(Po)fpf - 1 =0

Exporting
The marginal exporter uses technoldgyrheng*can be expressed as a function @f using

' (¢*) = 1 (¢*) and the zero profit condition for the marginahfiteq. 1):
g L)
(2) ¢ =¢DT(T]

note that as long as(fxl f)a%l >1, ¢*>¢". Thus, only the most productive firms export.

14



Technology Choice
The marginal firm adopting technolody is an exporter. Then the adoption cut@f® is)

defined by:
") -9 =0 - (- S EPoy ) = 1o -0

The benefit of using technolody (the L.H.S. of the equation above) is that thenfmakes
higher revenues, as demand is elastie (L). The cost of using technology(the R.H.S. of the
equation above) is its higher fixed cost. Note thés cost is the same for all firms while the

benefit is increasing in productivity. This is wkachnology choice is characterized by a cutoff

productivity levelg" above which all firms use technoloty 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 -
© 7=e (1+r1“’)‘%1(yg_1_1]

Note that the share of active firms adopting tedbgph [ (¢"/¢")™] is higher the lower are

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

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

that technology adoption costs are high enougtivelto fixed exporting costs:

-1 o
¢_h = Tl—_g Vgil_l >1
7w §

3 Indeed, in Appendix C | show that this result rieem that the marginal firm is a non-exporter, tlt
r(fx/ f)ﬁ >1. This is implicitly assumed in the zero profit cition for the marginal firm (eq. 1) used to deriv
equation (3).
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C. Industry Equilibrium
The equilibrium price B), number of firms M) and the distribution of active firms'
productivities in the economy are determined byftee entry condition. Free entry requires that

the sunk entry cost equals the present value afagd profits:

1 -
(4) fo= [1—G(¢D)]3ﬂ
where 1-G(¢" ) is the probability of survival andr are per-period expected profits of

surviving firms. =7+ p, 71« where 1y are expected profits from domestic sales,

p, =[1-G(¢*)]/[1-G(¢")] is the probability of exporting conditional onrgiving and 7z are

expected exporting profits. Then, to solve for fte® entry condition (eq. 4) we need to solve

for expected profitsz. The derivations are detailed in Appendix A:

- _ -1
(5) = —k—(a—l)j fA

_ ARIEA -1\,
A= 1{{7} J f{[(ﬂrl”)(ygl—l)J “ 1)}

By substituting the solution for expected profies|(5)* in the free entry condition (eq.

4) we can solve for the exit cutoff:

o ¢ {aliFap

1
k

14 Note that for expected profits to be positive veedto impose the parameter restrictiom:o — 1.
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By substituting the solution for the exit cutofig(es) in eqs. 2 and 3 a solution for the

exporting and technology adoption cutoffs can briokd:

X__L 0__1 _% % L o-1
AN (—k—(a—l))_ £ ( fj

i o1 \r o1 n-1 )"
8 = A
® ¢ ( J_ L+ rl‘”)"l'l(y"_l‘lJ

Finally, welfare is determined by the inverse & frice index, which can be obtained by

substituting the exit cutoff (eq. 6) in the zer@frcondition for the marginal firm (eq. 1):

o et el

Discussion

=l

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

fA=f+pf +p,(f,—f)

where p, =(¢X/¢D)_k and p, = (¢“/¢D)_k are the fraction of surviving firms that exportdan
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 thealdda 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 augmentpbjortion tof, , the variable exporting profits
of the marginal exporter. Finally, with probabilips the firm adopts the high technology, in

which case expected profits are augmented in ptigpoto the variable adoption profits of the

17



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

the fraction of firms that expopy and the fraction of firms adopting the high tedogy py,

expected profits increase.

D. Bilateral Trade Liberalization

In this section | analyze the impact of bilateralde liberalization on entry in the export market
and technology upgrading. | show that a reductiorirade costs increases export revenues,
inducing more firms to enter the export market apgrade 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 reesntAs a result, the least productive firms
make negative profits and exit.

More formally, | show in Appendix Bhat when variable trade cost$ fall, and not all

firms export ¢°7'f, > f):
1. The fraction of surviving firms that exponp, = (¢x /¢D)_k, and the fraction of surviving

of firms that use technology Ip, = (¢h /q)'])_k , increase™

2. Expected profits increase, that &7707 < 0.

3. The price index falls, that i9¥P/d7 >0.

4. The exit productivity cutoff increases, thadig /07 <0.

5. The productivity cutoff for exporting decreasesittis d¢, /07 > 0.

6. The productivity cutoff for adopting technologydcreases, that i8¢, /07 >0.

Discussion

!5 This can be directly seen in egs. 2 and 3.
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The new result in the model is that the reductiovariable trade costs induces more firms to
upgrade technology (Result 6). What makes adopifoime 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 revenues nor the technology adoption cutofftead, the result is due to the asymmetric
effect of trade liberalization in models of hetezogous firms with fixed exporting costs: while
firms serving only the domestic market loose rewsn@xporters see their revenues increase.

Indeed, this result requires that domestic revefalekess than export revenues increase.
| show in Appendix C that this can never be theeaaben 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 must fall enough to make
the reduction in domestic profits completely offdet increase 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 export revenues. The seeffiedt dominates as long as exporters can

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

Il. Context and Data

A. Trade Liberalization

In this section | describe the regional and unikdtérade liberalization policies undertaken in
Argentina at the beginning of the 1990’s. Althoubbkse policies had started to be discussed in
the late 1980’s, the depth and pace of the refarmpéemented in 1991 were largely unexpected.

The newly elected president had promised populidicies during the campaign, namely a

1% The benefit of technology adoption is proportioitatevenues while its cost is fixed.
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widespread increase in wages, but his governmgoliemented a set of market oriented reforms.
Many observers believed that the newly built cosserfor the reforms was mostly 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 suggestéd.

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 countriesheT tariff reductions were generalized in the
sense that the same reduction relative to the fagsted nation (m.f.n.) tariff rates was to be
applied to all goods. They were to be implemengeadually according to a semi-annual

timetable starting by a 54% reduction in Decemi#311 and finishing at 100% in December

" For a discussion of the policy debates in Argentind Brazil during the period of launching of MEBRSUR see
Jorge Campbell, Ricardo Rozemberg and Gustavo Bnar£1999).
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1994 This new agreement was in sharp contrast withrélgeonal integration treaty signed in
1988, where reductions in tariffs were graduallgateted sector by sector and free trade was to
be achieved in 10 years.

The Customs Union was established in 1995 withatthgption 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, fokbalwby semi-finished industrial goods, capital
and IT goods? and final goods. There were exceptions to intefre trade for a limited
number of products, special regimes for sugar aridnaobiles and some products faced tariff
rates different from the CET.

[Insert Table 1]

MERCOSUR seems to have had a big impact on Argeairexports. Between 1992 and
1996, exports to Brazil quadrupled, while expodadhte 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 reductiorBrazil’s tariffs during this period. Table 1
reports summary statistics for m.f.n tariffs at #hdigit-ISIC industry level of aggregation in the
period under stud$f The first row reports the level of Brazil's m.fariffs in 1991 which are

the baseline for the MERCOSUR tariff reductionst ttarted in December 1991. The average

8 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 Deaedt®@3, 89% by June 2004 and finally 100% by
December 1994.

19 According to Julio Berlinski et al. (2006) the cmwn external tariffs for capital goods (14%) antbimation
technology and telecommunication (16%) were thetrifcult to agree upon. Argentina favored lowitis while
Brazil wanted higher protection. Thus, nationaiffsmwere to converge to the CET by 2001 for cdpj@ods and
2006 for IT goods, from above in the case of Braail from below in the case of Argentina.

% The source of the tariff data is UNCTAD-TRAINS. rifts for each 4-digit-ISIC-industry are obtained a

weighted average of the 9-digit-HS-products witkech 4-digit-ISIC-industry, where the weights areeg by

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

digit industry are based on Argentina’s export8tazil of that product in each year. An alternativéo obtain 4-
digit-1ISIC-industry as simple averages of m.f.nffarfor 9-digit-HS-products within each industriyut these give
similar results as their correlation is 0.975.
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reduction in Brazil's tariffs faced by Argentineirms between December 1991 and December
1994 was 29 p.p. Tariff reductions varied extelysédrross industries, as initial m.f.n tariffs
varied between 84 p.p. and O p.p.. As the panttro | analyze covers the period 1992-1996, |
use the level of Brazil's m.f.n tariffs in 1992 #se baseline for the calculation of tariff
reductions in the period 1992-1996. These are enage 24 p.p, slightly lower than 1991 tariffs
but reflect a similar variation across industris 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 s$iggmt variation in tariffs across 4-digit-ISIC
industries, from 0 to 22 p.p. Surprisingly, imigofrom 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 impwifts 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
14 pp. across 4-digit-1ISIC industries. The modiimas on import tariffs during this period are
partly related to the convergence to the CET, plaatly reflected the structure of protection in
Brazil %

In addition, Table 1 reports average m.f.n. inawiffs 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 inpufftfor each industry is computed as a
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.

2 Berlinsky et al. (2006) and Won Chang and L. Alatinters (2002) provide a more detailed discussién o
Argentina and Brazil's trade policy measures in1B80’s.
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The baseline m.f.n rates for Argentina’s inputftagductions 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 shea 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 gdescéhe 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. Thus, it is likely that the
relevant overall tariff reductions in the period®291996 are the full 100% reduction over m.f.n.
rates between December 1991 and 1994 and not Her8thaining reduction that occurred
between December 1992 and 1994. Thus, in the ezapmnalysis | set the change in Brazil's
tariffs w.r.t Argentina between 1992 and 1996 toumithe level of Brazil's m.f.n tariffs in 1992.
Similarly, | set the change in Argentina’s tarisr.t Brazil between 1992 and 1996 to minus the
level of Argentina’s m.f.n tariffs in 1992. Nothat the application of a 100% or 32% tariff
reduction w.r.t. m.f.n tariffs in 1992 does noteaff the estimation of the average impact of
tariffs on entry in the export market or technolagygrading as in the first case the estimated
coefficient is 0.32 times smaller but the averagange in tariffs is (1/0.32) times bigdfért
does affect the interpretation of the results, giguas the implied responses of entry in the
export market and spending in technology to argieeiff change are 0.32 times smaller when
considering the full 100% reduction. Then, theorégd estimates can be considered as a lower
bound.

Brazil's Trade Policy

22 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 biggertheh the average reduction in Brazil's tariffs lne fperiod is 0.32
times smaller, thus the estimated effect of theayereduction of tariffs is the same.
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As the source of identification of the effect ofiffareductions on entry in the export market and
technology upgrading are the differences acrosssinigs 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 et al. (2006) note that thriff structure in 1988 was based on the
tariffs implemented in 1957 under the import substn policy. They argue that the first
reforms implemented in 1988-89 did not have sigatfiit effects on the degree of protection of
the domestic industry as NTBs, which were the nmatrument of protection, were not modified.
Instead, after a new government took power in ma@®0 NTBs were eliminated and tariffs
were reduced gradually according to a timetablengnoh January 1994. The new tariffs would
vary between 0 and 20%, except for a few goodsi§p8D-35% tariff rates®

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 substitupoficy like toys, textiles and rubber and also
for skill-intensive industries that were protect@ter 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 exogenoessuare of skill intensity of the industfys
very low (-0.002). Instead, tariffs are negativebtyrelated with a measure of capital intensity (-
0.21), suggesting that Brazil protected labor-iste@ industries. As the omission of industry

characteristics that are correlated with Brazil&le policy might induce biases in the estimation

% According to Berlinski et al. (2006) the 0% tasif€orresponded to commaodities and “exportables¥% ¥or
agricultural products and their derivates, 10,48 20% for products using basic inputs with 0%ffsirand 20%
for the rest of the products. The main exceptianshe general rule were IT goods with a 35% tadffmestic
appliances (30%) and the car industry (35% tariff).

24| use measures of average capital and skill iitieirs the industry in the U.S. in the 1980’s obid from the
NBER productivity database (see Appendix D for di&ta
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of the impact of the reduction in Brazil's tariffs entry in the export market and technology
upgrading, | include in the regressions 2-digitddShdustry dummies that absorb part of the
correlation between changes in tariffs and indushgracteristics. After including 2-digit-ISIC-
industry dummies the correlation between capiterisity and tariffs falls to -0.06, although the
correlation between tariffs and skill intensityieases to 0.06. Thus, in addition to including 2-
digit-1SIC-industry dummies | control for measudscapital, skill intensity and the elasticity of

demand?®

B. Firm-Level Data

The data | analyze comes from tBecuesta Nacional de Innovacién y Conducta Tecncéode
las Empresas ArgentindENIT) [National Survey on Innovation and TechnologicahBvior of
Industrial Argentinean Firms] conducted by thestituto Nacional de Estadistica y Censos
(INDEC), the Argentinean government statistical ageridye survey covers the period 1992-
1996 and was conducted in 1997 over a sample 8Blr@lustrial firms.

The sample is representative of firms owning eghbients with more than 10
employees, and is based on 1993 census data. ghhaccording to the census only 15% of
establishments had more than 10 employees, thegsemed 90,7% of the value of output,
90,9% of industrial value added, 87,9% of employtand 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

5| use the elasticity of substitution in the indysas estimated by Christian Broda and David Weins2006).
The correlation of the elasticity of demand withifta is low: 0.05 and 0.06 with controls for 2-di¢SIC-industry
dummies.

% The sample is the same as the one used fdErnkeesta Industrial Annuathe standard yearly industry survey
used to compute Industrial GDP. A description ¢ #ampling methodology dincuesta Industrial Annudk
available at INDEC’s website: www.indec.mecon.ar.
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present both in 1992 and 1996 for which there figrmation on sales, employment and belong
to 4-digit-ISIC industries with information on Bii#ig tariffs.

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 produttprocesses, products, organizational forms
or commercialization. | constructed a measurspeinding on technology (ST) that includes the
following: spending on computers and software; payts for technology transfers and patents;
and spending on equipment, materials and labotetla 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 199a@ 4896.

The survey also contains some binary measurescbhedogy adoption: a list of 9 yes/
no questions asking whether the firm performedrtagecategory 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 arethmachinery and equipment associated to new
production process”. | use this information to dom& 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 useddadorm robustness checks. | think

%" Like R&D, adaptation of new products or productjmocesses, technical assistance for productiagineering
and industrial design, organization and commemadibn.
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technology spending is a better measure of tecgydiar two reasons. First, the information has
a panel structure that can be used to control fabserved firm and industry characteristics.
Second, it is a more objective measure in theestrat 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.

C. Industry-Level Data

In the empirical section | use controls for 4-ti@IC industry characteristics that might be
correlated with changes in tariffs. First, averaggital and skill intensity in the industry in the
U.S. in the 1980’s obtained from the National Bureaf Economic Research (NBER)
productivity database (see Appendix D for detaillsqlso use the elasticity of substitution in the
industry as estimated by Broda and Weinstein (200@glly, data on exports from Argentina to
Brazil in the years 1992 and 1996 were obtainedhftbe U.N. COMTRADE database. This

information is aggregated at the 4-digit-ISIC intlys

[ll. Empirics
In this section | test the predictions of the tletieal model developed in section I. First, | dnec
whether the sorting pattern of firms into exportargd technology use predicted by the model is

consistent with the observed characteristics obaeps and non-exporters in the same 4-digit-
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ISIC industry. Second, | test the main prediciai the model: that a reduction in variable
trade costs causes entry in the export marketectthblogy upgrading. To establish causality, |
use the differential changes in Brazilian tariftsass 4-digit-ISIC industries to show that firms
are more likely to enter the export market and aggrtechnology in industries where tariffs fell

more.

A. 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
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 inrtirédle-range of the productivity distribution
to enter the export market and upgrade technology.

Figure 2 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 befdserdilization ¢;,#;), while the lower line
represents the cutoffs after liberalizatiog, (¢;'). Within the group of firms that were already
exporting before liberalizationgf'< ¢ ) those in the upper range of productivit,%‘@ @) were
already using technolog, while firms in the rangep; <¢ <@ adopt it only afterwards.
Within the group of firms that enter the export kedrafter liberalization ¢, < ¢ < g, ), those in
the upper range ¢§” <@ <¢,;) enter the export market and adopt the new tecgyolwhile

those in the lower rangesf < ¢ < #!') enter the export market but keep the old tectglo
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Figure 2

Effect of Falling Variable Trade Costs

X h
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To check whether the sorting pattern depicted gufé 2 and the parameter restrictions

required to obtain it are consistent with the datiivide firms into three groups: continuing

exporters® new exporteré? and never exportetsand compute differences in characteristics for

firms operating within the same 4-digit-ISIC induyst

[Insert Table 2]

Table 2 reports that, on average, continuing expsthave a 0.33 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 highhmetogy before liberalization. Interestingly,

they increase spending in technology 0.28 log pgofaster than never exporters during the

8 Firms that were already exporting in 1992.
2 Firms that export in 1996 but were not exporting.992.
% Firms that do not export in 1992 nor 1996.
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liberalization period (1992-1996), which is consergtwith a fraction of them adopting the high
technology after liberalization.

Firms that would enter the export market afterrigtieation were not significantly more
technology intensive than never exporters in 19@Able 2). In contrast, after liberalization
these new exporters become more technology-intertean firms that do not export, increasing
their spending in technology per worker 0.37 loghfofaster between 1992 and 1996.

The patterns in the data described above showttibat 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 tesil 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 equdbiy example could be exchange rate
appreciation) or to shocks that affect all firmshin 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 tither 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 stime. For example, capital account
liberalization, that could facilitate access toditéo 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
exporting and technology adoption directly to tleduction in Brazil’'s tariffs for imports from

Argentina.
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B. The Impact of the Reduction in Brazil's Tariffdentification Strategy
The empirical identification of the effect of thalfin 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-ISIC industries.

This source of identification has two features timatke it likely to be exogenous with
respect to the outcomes analyzadhangesin export status andhangesin spending in
technology between 1992 and 1996. First, the teeiffuctions were programmed in 1991, and
reach a level of zero for all industriéin 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 and are theeefonlikely to be targeted to industry
characteristics particular to Argentina, whose shaf Brazil's trade was only 7.7%. 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 bigupaoblem, Brazil's initial tariff
structure is certainly not random. As discussedvab@razil’s trade policy is correlated with
some industry characteristics, and omitting themlacde 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,

31 Except for the automobile and sugar industriegshnresults presented in this section, 1996 saafe 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.

32 Argentina’s share on Brazil’s imports rose to 24.id 1995 when all tariffs were eliminated.
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Brazil's tariffs could be capturing some omittedluistry-level -time-varying variable. | address
this problem in two ways. First, | include in thdferenced equations 2-digit-1ISIC-industry
dummies that account for unobserved industry trendsoad sector levels like “Manufacture of
food products and beverages” (ISIC 15) or “Manufeetof chemicals” (ISIC 24). As tariffs
vary at the 4-digit-level this means that | am canmpy manufacturers of dairy products (ISIC
1520) to macaroni producers (ISIC 1544), but nom@nufacturers of pharmaceuticals (ISIC
2423) that are instead compared to producers tfiZers (ISIC 2412). Second, as there can
still be important differences between producerpludrmaceuticals and of fertilizers, | include
4-digit-1ISIC-level controls for the industry chatawstics that are likely to determine tariffs: the
elasticity of demand, capital and skill intensityhese industry characteristics 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@riplies that the reduction in Brazil's tariffs

should induce entry in the export market and teldgyupgrading for firms in the middle range

33 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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of the productivity distribution. In particular, ghmodel predicts that the reduction in tariffs
would induce firms in the middle range of the protity 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-ISIC industry mean in 1992as a proxy for initial productivity and divide fisninto
guartiles. Then, | analyze the effects of the otidu in Brazil’s 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.

C. 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 an@ssess 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 martecision using an index model:

(10) EXP

ijst

1 if ,err; Ot E >0
0 otherwise

wherej indexes 4-digit-1ISIC industries,indexes 2-digit-ISIC industries;indexes time, that is

the years 1992 and 1996indexes firmsEXPs;iis a dummy variable that takes the value of 1 if
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the firm exported in yeat; 7} are Brazil's tariffs that vary across 4-digit-ISi@dustries and

time; u; are plant fixed effects that capture unobservetstamt plant heterogeneity)( constant
sector characteristics that affect the sector déxmgprutoffs in the modelq k, f, f, ) and also
some other sector characteristics that althoughimduded in the model might affect the
exporting cutoffs (like factor intensity}? as; are 2-digit-ISIC industry dummies that capture
variation across time in sector characteristics.

Equation (10) with plant fixed effects can’t be smtently estimated by probit (incidental
parameters problem). Then | estimate it usingitieal probability model:

EXP,

st :ﬁ,xrﬁ Tagt Ut Ey

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

(11) AEXR =B, A1) +Aa, +As,

Estimation of equation (11) by OLS is reportedha first column of Panel A of Table 3, where
the reported standard errors are clustered at-thgidlSIC industry level. The coefficient in the
change in Brazil's tariffs 8,) is negative (-0.421) and significant (t = -5.0The estimated
coefficient implies that the average reduction na&l’s tariffs (24 percentage points) increases
the probability of entry in the export market by d€rcentage points. Columns 2 to 8 assess the

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

(12) AEXR, =g, Arjx +ﬂrmAr;“ + 83,2100+ B.C; +AO + A
where Ar]" denotes changes in Argentina’s import tariffsdatputs and inputev.r.t. the world

and Brazil; zjq0, are firm characteristics in the initial year (199Ke size measured by the

% Bernard, Redding and Schott (2007) develop a tmaiof, two sector and two country model of tradéhwi
heterogeneous firms and show that the cutoff fényan the export market is closer to the exit ¢libo comparative
advantage industries.
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number of workers, sales per worker and skill istgfy and ¢; are 4-digit-ISIC industry
characteristics like the elasticity of demand,|skild 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 cbeients in the regressions including all controls
(columns 5 and 8) are -0.466 (t=-4.80) and -0.333(78) and imply that the average reduction
in Brazil's tariffs (24 percentage points) incremiglee 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 statdSwhich in turn is
likely to be negatively correlated with the initigivel of Brazil’s tariffs. This problem can't be
solved by including lagged export status in thecgpation in first differences, as in that case
export status in 1992 would be both part of theedeent variable and a regressor, thus
necessarily correlated with the error tefhtill, it is possible to estimate the equationewels,

including lagged export status as a regressopesfed in the following equation:

(13) EXRgg5 = B.AT] +0 EXR gq,+ O + Ejr006

Unlike the first-differenced specification, eq. J18oes not control for unobserved constant
heterogeneity. Still, estimation of equation (18)uiseful because first-difference and lagged-
dependent-variable estimates have a bracketingepsogf the first-difference specification in

(12) is correct, then (13) will tend to underestienthe absolute value ¢f,, while if the

% Mark J. Roberts and Tybout (1997) and Bernard emsen (2004) find evidence of the existence ok sun
exporting costs in Colombia and the U.S., respeltiv

% 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 Manuel ArellanoSteghen Bond (1991). | can't implement this solutbecause
the panel | analyze only contains data for 1992 X9495.
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lagged-dependent-variable specification in (13)asect, then (12) will tend to overestimate the

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

with export status in 199%.Panel B of Table 3 reports estimation of equafib3) where the
estimated coefficient goes from -0.291 (t=4.09Xhe baseline specification in Column 1 to -
0.490 (t=3.40) in Column 9 where all controls ameluded. These estimates are 31% to 8%
lower than the estimates in the first-differencpec#fication, as expected. They are also less
stable, possibly due to the omission of unobsetirad-invariant industry characteristics.

As a final check that the presence of sunk expastscis not creating a problem in the
identification on the coefficient on Brazil's tdgfl estimate equation (13) restricted to firmg tha
were not exporters in 1992. Panel C of Table ®nsphe estimation of equation (13) by OLS.
The coefficient on the change in Brazil's tariffsvery similar to the one estimated in the first-
difference specification and significant [-0.44%-3.24) and -0.604 (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 1115 percentage points.

A potential problem in the estimation of equati@B)(restricted to non-exporters in 1992
is sample selection. The model predicts that inoseovhere 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 whetherigha problem is to look at the correlation of

tariffs with firm characteristics that are correldtwith unobserved productivity like size and

%" For a discussion and a derivation of the biasékérfirst-difference and lagged-dependent-variaistimators see
pages 243-247 in Joshua D. Angrist and Jorn-Stéffsechke (2008).

8 Equation (13) can also be estimated by Probit akes not contain firm fixed-effects. Probit esition for both
the full sample and the sample of non- exporter$992 produces very similar results as OLS. Tatdesrting
these estimations are available upon request.
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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.

[Insert Table 3]

Entry in the Export Market by Quartile of the Fil®mze Distribution

The model predicts that the reduction in Brazifisiffs induces entry in the export market for
firms in the middle range of the productivity dibtrtion, but not for the least productive firms
nor the most productive firms who would export ewverthe presence of high tariffs. More
precisely, the prediction is that the reductiorianffs induces entry for firms who were below

the exporting threshold before liberalization, Bbbve it afterwards. That is, those firms with
productivity in the range,” <@ <¢@; in Figure 2. To test this prediction, | estimtte effect of

the change in Brazil's tariffs on each quartiletioé initial firm size distributiof? through the

following equation:
4 4

(14)  BEXR, =Y B. (a1 xQ )+ Y 5'Q) +ha, +be,
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 firinbelongs to quartile. Estimation results are presented in column
1 Table 4. The effect of the reduction in Brazisiffs on the probability to enter the export

market is around 2 times larger in tH& Fjuartile of the firm size distribution, where theint

%9 As a proxy for initial productivity, | use initiafirm size in terms of (log) employment in primasghool
equivalents relative to the 4-digit-industry averags detailed in Appendix D. Alternatively | usgaoly) domestic
sales relative to the 4-digit-industry mean asaxypffor initial productivity, with similar but lesgrecise results than
the ones reported below. | prefer the employmerdsuee because it reflects value-added better thilas,sas long
as there are differences in the level of vertiotdgration across firms.
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estimate is -0.722 (t= 4.35). Column 4 presestsmation of the equation in levels including

lagged export status as a control. The point egtisnof3', are smaller, but the same pattern is
observed: the estimate @&, is largest in the "3 quartile and precisely estimateﬁf(=-0.541,
t= -3.49). Column 7 reports estimation 8f, in the sample of firms that were not exporters in

1992, with similar results as in the full sampléf;(=-0.774, t=-3.20).

The effect of the reduction in tariffs on the rekthe quartiles is less precisely estimated.
The coefficients are negative but not always gtesidy significant. Taken altogether the results
suggest that some firms in th& 2" and 4" quartiles were induced to enter the export market
by the reduction in Brazil’s tariffs. This is niconsistent with the model, as size is not a

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

The point estimates qﬁ’fx in the baseline specifications (columns 1, 4 anaonply that

the 24 p.p. reduction in Brazil's tariffs increasles probability to enter the export market by 19
to 13 p.p. for firms in the® quartile of the size distribution. The findincaththe reduction in
Brazil's tariffs had a smaller impact on entry foms in the top quartile of the size distribution
suggests that most of them were above the thredbeflote (or regardless of) liberalization.
Similarly, the lower induced entry for firms in thiest and second quartiles suggests that most of
them were still below the threshold after liberatian. Thus, trade liberalization induced more

entry in the export market for firms in the uppeiddie range of the size distribution.

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

and 7 of Table 4) | perform a similar series ofakseas 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 @ngfes in Argentina’s import tariffs (for both
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output and inputs and w.r.t. the world and Braai}d industry characteristics (capital, skill
intensity and elasticity of demand).
[Insert Table 4]
D. 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 techpchnd 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 firnsspusitive ST in 1992 and 1996. This sample
is not representative for the smallest firms, witie 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 effettaoreduction in Brazil's tariffs on
spending in technology for all firms, and lateragme how this effect varies for firms in
different quartiles of the size distribution. Iretmodel, a firm is more likely to adopt technology
h the lower is the technology adoption threshad)(in its sector [equation (8)], and the higher
is its own productivity ¢ ). Then the level of spending in technology camléscribed by:
(15) logST, =B. 7, +B. TR +Qg+ U+
where 1" denotes Argentina’s import tariffs, as adoptiomnefv technologies depends on both
export and domestic revenues. As the survey Hasmiation on ST for all the years in the
period 1992-1996, equation (15) could be estimatddvels using the data for all the available

years. The problem with this estimation strategshét it would induce serial correlation in the
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error terms, as the variation across time in Biszdriffs is fully determined by their level in
1992. As a result, the standard error of the eggohcoefficients would understate their standard
deviation, as noted by Marianne Bertrand, Esthdtd)and Sendhil Mullainathan (2004). Thus,
instead of estimating equation (15) in levels fbrtlae available years, | implement one their
proposed solutions. | collapse the data in twoiopler one before (1992) and one after
liberalization (1993-1996) and take first differesé’ | thus estimate equation (15) in first
differences:

(16) AlogST, =B.,A1{ + B . A1 +Aa, + Mgy,

1996
where the change in ST in the liberalization pergodAlog ST =% Zlog ST — 109 ST00,-

151993
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 @average reduction in Brazil's tariffs (24
percentage points) induces an increase in techpapgnding 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 -1.437 (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.
Finally, the inclusion of the change in Argentinaiput tariffs with respect to Brazil (Column 7)

does not affect the estimated coefficient.

0 An alternative would be to only use the informatia 1992 and 1996. | chose the first option toleimll the
available information, and also to minimize the temof observations with zero ST. The first alédive gives
very similar results, although the standard eravesslightly bigger.
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[Insert Table 5]

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 actually changing their production technology,
instead of just expanding production by increasheguse of all factors proportionally. Table E.1
in Appendix E reports estimates of equation (1€pJacing the growth in spending in technology

by the growth in spending in technology per worksrthe dependent variable. The estimates of

f3.. are very similar to the ones reported in Tabfé 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 1dRéhem 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 availableaftarger 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.

1 Similar results are also obtained when the outceaniable is the ratio of spending in technologpates.
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Table 6 reports OLS estimates of equation (16)lacépg the change in spending in
technology by indexes of innovation as a depensariable. 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 @Bl as a control, changing from -0.30 (t=3.35)
to -0.40 (t=3.42) (columns 2 and 3). It is possillat this is due to the reduction in Argentina’s
output tariffs having an effect of innovation oktbpposite sign, although the estimate is only
marginally significant (Column 3). The estimatedeffiient in column 2 implies that the
average reduction in Brazil's tariffs induces acr@ase of 0.07 in the innovation index, which is
19% of the average innovation index (0.38). As thdek is 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 disaggreatgroduct and process innovations.

[Insert Table 6]

Technology Adoption by Quatrtile of the Firm SizstBbution

The model predicts that the reduction in Brazidisfts induces technology adoption for firms in
the middle range of the productivity distributidsyt not for the least productive firms who do
not export nor the most productive firms who alseatiopted the high technology. More
precisely, the prediction is that the reductiortanffs induces technology upgrading for firms

who were below the technology adoption thresholidreeliberalization, but above afterwards.

That is, those firms with productivity in the rangg <¢ <@ in Figure 2. To test this
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prediction, | estimate the effect of the changBriazil’s tariffs on each quartile of the initialrn

size distributioff through the following equation:

4 4
(17)  BlogST, =Y A.(arr Q)+ > 6'Q +8.617 +Aa, +As,
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 @chinology only in the third quartile of the size
distribution, where the estimated coefficient 2s106 (t=3.46) (column 1). The point estimate is
double the size than the estimated average effectlffirms reported in Table 5, and more than
double the estimated coefficient for the other éhgeartiles of the size distribution. The results
on the innovation index parallel the findings witle ST measure: the reduction in tariffs induces
a statistically significant increase in innovationly in the third quartile of the size distribution
where the point estimate qﬁ‘:x is -0.359 (t=2.70), as reported in column 4.

The effect of the reduction in tariffs on the restthe 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.
As mentioned above, this is not inconsistent wlid model, as size is not a perfect measure of

productivity and the technology adoption cutoffghtidiffer across industries.

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

2 As noted above, | use initial firm size in ternfs(log) employment in efficiency units relative tbe 4-digit-
industry average as a proxy for initial productiviflternatively | used (log) domestic sales relatto the 4-digit-
industry mean as a proxy for initial productivityith similar but less precise results than the aepsrted below.
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0.50 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 tleasuggests that they were still below the
threshold after liberalization. Thus, trade liberation 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 Tla 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¥®

[Insert Table 7]

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 infiginduces a statistically significant increase
in spending in technology only in the third quartdf the size distribution, where the estimated
coefficient is — 2.061 (t=3.65) (column 1, Tabl2 i Appendix E).

Finally, to assess whether the reduction in Braz#driffs affected both product and process

innovation, | estimate equation 17 separately farhetype of innovation index. | obtain similar

3 As a further robustness check, interactions betvedamges in Argentina’s import tariffs and firmesiquartiles
were included as controls in the estimation of éiqual?7. Alternatively, a set of interactions be@meindustry
characteristics and firm size quartile dummies wase included as controls. The estimated coefftoid the effect
of Brazil's tariffs on ST and innovation in thé® juartile of the firm size distribution is not efted by the
inclusion of these controls, and is always sigaificat 1% confidence level. Tables reporting theestenations are
available upon request.
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results as the ones reported above with the aggréaudex, as reported in Columns 4-9 of Table

E.2 in Appendix E.

E. Mechanism

In this section | discuss how the evidence preseab®ve 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 adopa 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
quartile of the firm size distribution is consistevith the theoretical prediction that only firms
who are induced to cross a size threshold by thease 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 upgradiag wriven 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 indexes

for two sub-samples of firms, the ones that did exqtort in 1992 and the ones that did. The
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model predicts that both groups upgrade technolafgythe ordering of cutoffs is
Pl <P <X <@, as depicted in Figure 2. Estimation results wtienoutcome of interest is

ST are reported in Table 8, where Panel A repbdsstimation the sub-sample of firms that did
not export in 1992 and Panel B for the sub-sampldirms that exported in 1992. The
coefficient is similar to the one estimated for thwl 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.

[Insert Table 8]

[Insert Table 9]

Exports to Brazil

In this section | report evidence using COMTRADEadan exports from Argentina to Brazil at
the 4-digit-1ISIC-industry level of aggregation thgts information on export sales by destination.
The analysis of export sales at the firm-levelmd produce consistent results, possibly because
the data combines all destinatidfidhe 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.

* The estimated coefficients for the impact of teduction 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.
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Table 10 reports estimation of the effect of thduation in Brazil's tariffs on (log)
exports to Brazil. As the number of observationsnller than in the firm-level data set, | try to
assess the robustness of the estimates by repoesnfs with and without 2-digit-ISIC industry
dummies, and report both O.L.S. and 1.V estimalé® I.V. estimates use Brazil's tariffs in
1991 to instrument for Brazil's tariffs in 1992 am attempt to correct for measurement error in
Brazil's tariffs. As industry-level tariffs are cquted as averages of product-level tariffs, zero
or small trade in some products in a given year mauce inaccurate measures of industry-
level tariffs. Panel A reports O.L.S estimates. Ppoet estimate of the effect of Brazil's tariffs
on exports is negative, and statistically sigaifitin all columns except in column 3 where
controls for changes in Argentina’s tariffs w.r.taBil and 2-digit-1ISIC industry dummies are
included in the regression. Panel B reports |.Mimegtes, where both the magnitude of the
coefficient increases and standard errors fallgesging that measurement error in tariffs might
produce attenuation bias in the O.L.S. resultsalinPanel C reports the first stage of the I.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 B¥dbaseline estimates reported in column 1,
where 2-digit-ISIC-industry dummies are included.

[Insert Table 10]
Domestic Sales
The model predicts that domestic sales declindn watriff declines. The mapping of this

prediction to the data is not straightforward, fss model considers a fully symmetric case where
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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 reports estimation of the impact of theéuotion in Argentina’s tariffs w.r.t.
Brazil on domestic sales. The point estimate inlthseline specification in column 1 is 1.315
(t=2.41), and implies that the 13 p.p. reductiorAngentina’s tariffs reduced domestic sales by
0.17 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 to
1.022 (t=1.89) when changes in Brazil’s tariffs areluded in the regression (Column 5) and
becomes insignificant when in addition controlsifatustry or firm characteristics are included
(Columns 6 and 7). The evidence is thus not con@dubut suggestive that the reduction in
Argentina’s tariffs w.r.t. Brazil reduced domesiales.

[Insert Table 11]

Table 12 reports estimation of the effect of otbleanges 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
unilateral trade liberalization took place befoi@2. Finally, changes in Brazil's tariffs w.r.t
Argentina did not have a statistically significaffiect on domestic sales.

[Insert Table 12]

%> 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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IV. Concluding Remarks

The evidence reported in this paper suggests thadneled export opportunities can have a
positive effect on firm performance. The evidenseconsistent with falling trading partner’s
tariffs increasing revenues for exporters and nkidoption 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 esessional 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 partiagrain export markets. Therefore, 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  Standard Minimum Maximum Industries

Deviation
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 Arqg.’s tariffs w.r.t. the world 1992-1996
Outputs 0.01 0.05 -0.10 0.14 104
Inputs 0.01 0.02 -0.03 0.06 101

Note: Industries refer to 4-digit-1ISIC industrieglwavailable tariff data.

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 1.770 1.032 0.180 0.254 1380
[0.089]*** [0.103]*** [0.0407*** [0.049]***

Employment 1.509 0.870 0.021 0.183 1380
[0.074]*** [0.089]*** [0.026] [0.035]***

Spending in Technology 0.335 0.193 0.277 0.375 894

per worker [0.149]** [0.175] [0.106]*** [0.117]%**

Skill Intensity 5.147 1.471 1.238 1.252 1380
[1.034]**  [1.104] [0.377]**  [0.471]***

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; = a; NE; + a, EE; + ag EN; + |j+ &; wherei
indexes firmsj indexes 4-digit-ISIC industriedlE are new exporters (231 firm&E are continuing exporters (556
firms), EN are firms that exported in 1992 but didn't in 6927 firms) and the reference category relativeiiich
differences are estimated is non exporters (566sfirl are industry dummies, andis the firm characteristic for
which the differences are estimated.



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 -0.416 -0.407 -0.340 -0.466 -0.325 -0.362 -0.533
[0.084]*** [0.080]*** [0.081]*** [0.106]*** [0.097]*** [0.091]*** [0.093]*** [0.141]***
Change in Arg.’s tariffs w.r.t. world 0.207 0.176 -0.003
Outputs [0.423] [0.409] [0.340]
1.126 1.543
Inputs [0.886] [0.693]**
Change in Arg.’s tariffs w.r.t. Brazil
Outputs
-0.507 -0.780 -0.269
Inputs [0.331] [0.300]** [0.344]
1.215 0.702
[0.599]** [0.524]
Firm-level controls Yes Yes Yes Yes Yes Yes Yes
Industry-level controls Yes Yes
2-digit-1SIC industry dummies Yes Yes Yes Yes Yes esY Yes Yes
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
Pane B: Full Sample. Dependent variable: _export statusin 1996
Change in Brazil’s tariffs -0.291 -0.285 -0.278 -0.203 -0.323 -0.262 -0.281 -0.490
[0.071]*** [0.077]*** [0.074]%* [0.084]** [0.101]*** [0.101]** [0.211]* [0.144]%**
Export status in 1992 0.642 0.543 0.543 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
Paned C: Sample of non exportersin 1992. Dependent variable: export statusin 1996
Change in Brazil's tariffs -0.411 -0.446 -0.457 -0.294 -0.447 -0.330 -0.357 -0.604
[0.108]*** [0.124]*** [0.122]%* [0.123]** [0.138]*** [0.150]** [0.275]* [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 4-8¢@ industry level. * indicates significant 288%; ** significant at 5%; *** significant at 1%. Ein-level controls
include employment measured in efficiency unitiesaer worker and skill intensity, all measuredhia initial year (1992). Industry-level controfeiude demand

elasticity, skill intensity and capital intensitftbe 4-digit-SIC industry in the U.S.



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) ®) (6) () (8) 9)
Change in Brazil's tariffs
X First Size Quartile -0.331 -0.388 -0.442 -0.125 -0.159 -0.293 -0.358 372 -0.436

[0.185]* [0.188]** [0.198]** [0.170] [0.179] [0.19D [0.182]* [0.202]* [0.226]*
X Second Size Quartile -0.327 -0.367 -0.412 -0.146 -0.170 -0.306 -0.261 .258 -0.318

[0.146]** [0.195]* [0.219]* [0.175] [0.212] [0.228] [0.230] [0.260] [0.278]
X Third Size Quartile -0.722 -0.784 -0.832 -0.541 -0.576 -0.702 -0.774 720 -0.782

[0.166]*** [0.151]*** [0.203]*** [0.155]*** [0.152] *** [0.199]*** [0.242]x** [0.239]*** [0.287]***
X Fourth Size Quartile -0.356 -0.429 -0.483 -0.286 -0.339 -0.474 -0.276 .328 -0.377

[0.175]* [0.179]** [0.204]** [0.119]* [0.146]* [ 0.162]*** [0.342] [0.390] [0.379]
Controls
Export Status in 1992 0.553 0.558 0.557

[0.027]x** [0.027]*** [0.028]***

Change in Arg.’s tariffs w.r.t. world Yes Yes Yes
Change in Arg.’s tariffs w.r.t. Brazil Yes Yes Yes
Industry-level controls Yes Yes Yes Yes Yes Yes
Firm-level controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
2-digit-ISIC industry dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 1380 1348 1342 1380 1348 1342 797 781 781
R-squared 0.03 0.05 0.04 0.50 0.50 0.50 0.15 0.16 16 0

Notes: standard errors are clustered at the 4-k8¢@ industry level. * indicates significant 80%; ** significant at 5%; *** significant at 1%. Gurols for changes in Argentina’s tariffs w.r.tettvorld
and Brazil include both output and input tarifisdlistry-level controls include demand elasticikyll intensity and capital intensity of the 4-didBIC industry in the U.S. Firm-level controls inde
dummies for the second, third and fourth quartflthe firm-size distribution in the initial year422).



Table5: Technology Adoption
Dependent variable: change in log (spending inrteldyy)

1) (2) 3) (4) ©) (6) (7) (8)
Change in Brazil’s tariffs -1.079 -1.077 -1.051 -1.079 -0.939 -1.437 -1.435 -1.449
[0.350]*** [0.345]*** [0.325]*** [0.340]*** [0.383]** [0.447]*** [0.483]*** [0.643]**
Change in Arg.’s tariffs w.r.t. world
Outputs 0.556 0.599 0.629
[1.116] [1.147] [1.186]
Inputs -0.762 -0.897
[3.211] [3.040]
Change in Arg.’s tariffs w.r.t. Brazil
Outputs 2.051 2.254 2.538
[1.322] [1.367] [1.881]
Inputs -0.361 -0.739
[2.785] [3.034]
Firm-level controls Yes Yes Yes Yes Yes Yes Yes
Industry-level controls Yes Yes
2-digit-ISIC industry dummies Yes Yes Yes Yes Yes Yes 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-i8¢@ industry level. * indicates significant 80%; ** significant at 5%; *** significant at 1%. Fin-level controls
include employment measured in efficiency unittesaer worker and skill intensity, all measuredhia initial year (1992). Industry-level controfeiude demand

elasticity, skill intensity and capital intensitftbe 4-digit-1ISIC industry in the U.S.

Table6: Product and Process I nnovation
Dependent variable indicated in columns

Product and Process Innovation

Product Innovation

Production Process Innovation

(1) (2 (3) (4) (5) (6) (7) (8) 9)
Change in Brazil's tariffs -0.236 -0.299 -0.400 -0.293 -0.346 -0.438 -0.183 -0.261 -0.357
[0.104]** [0.090]*** [0.127]*** [0.116]** [0.098]* ** [0.116]*** [0.100]* [0.093]*** [0.127]%**
Change in Arg.’s tariffs w.r.t. world
Outputs -0.191 -0.184 -0.213
[0.271] [0.284] [0.295]
Inputs 0.241 0.086 0.360
[0.618] [0.740] [0.574]
Change in Arg.’s tariffs w.r.t. Brazil
Outputs 0.530 0.626 0.341
[0.308]* [0.335]* [0.326]
Inputs -0.263 -0.584 0.187
[0.554] [0.578] [0.586]
Industry-level controls Yes Yes Yes Yes Yes Yes
Firm-level controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
2-digit-1ISIC industry dummies Yes Yes Yes Yes Yes esY Yes Yes Yes
Observations 1301 1269 1263 1312 1280 1274 1319 1287 1281
R-squared 0.24 0.25 0.26 0.22 0.24 0.24 0.22 0.23 0.23

Notes: standard errors are clustered at the 4-i8¢@ industry level. * indicates significant 288%; ** significant at 5%; *** significant at 1%. Fin-level controls include
employment measured in efficiency units, salesymeker and skill intensity, all measured in thdialiyear (1992). Industry-level controls includenagand elasticity, skill intensity

and capital intensity of the 4-digit-1SIC industrythe U.S.



Table 7: Technology Adoption by Quartile of the Firm Size Distribution

Dependent variable indicated in columns

Change in Spending in Technology 1996-1992 ProdndtProcess Innovation
1) 2 3) 4) ®) (6)
Change in Brazil's tariffs
X First Size Quartile -0.872 -0.725 -1.235 -0.041 -0.076 -0.165
[0.604] [0.570] [0.755] [0.116] [0.113] [0.143]
X Second Size Quartile -0.846 -0.662 -1.171 -0.199 -0.227 -0.326
[0.569] [0.629] [0.828] [0.149] [0.145] [0.163]**
X Third Size Quartile -2.106 -1.927 -2.424 -0.359 -0.403 -0.465
[0.609]*** [0.627]** [0.886]*** [0.133]*** [0.146] *** [0.271]x*
X Fourth Size Quartile -0.372 -0.146 -0.648 -0.190 -0.229 -0.319
[0.534] [0.563] [0.773] [0.130] [0.132]* [0.154]**
Controls
Change in Arg.’s tariffs w.r.t. World Yes Yes
Change in Arg.’s tariffs w.r.t. Brazil Yes Yes
Industry-level controls Yes Yes Yes Yes
Firm-level controls Yes Yes Yes Yes Yes Yes
2-digit-ISIC 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 0.20

Notes: standard errors are clustered at the 4-8¢@ industry level. * indicates significant 288%; ** significant at 5%; *** significant at 1%. @htrols
for changes in Argentina’s tariffs w.r.t. the woddd Brazil include both output and input tariffedustry-level controls include demand elasticitill

intensity and capital intensity of the 4-digit-ISi@lustry in the U.S. Firm-level controls includendmies for the second, third and fourth quartiléhef
firm-size distribution in the initial year (1992).



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

(1) (2) 3) (4) (5) (6) @) (8)
Panel A: Sample of non-exportersin 1992
Change in Brazil's tariffs -1.073 -1.256 -1.304 -1.101 -0.972 -1.586 -1.869 -1.788
[0.520]** [0.513]* [0.498]** [0.435]** [0.459]** [ 0.682]** [0.763]** [0.947]*
Panel B: Sample of exportersin 1992
Change in Brazil's tariffs -1.116 -1.043 -0.979 191 -1.052 -1.348 -1.015 -1.153
[0.382]*** [0.380]*** [0.396]** [0.403]*** [0.520]* * [0.484]*** [0.555]* [0.786]
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-1ISIC industry dummies Yes Yes Yes Yes Yes esY Yes Yes

Notes: standard errors are clustered at the 4-8¢@ industry level. * indicates significant 288%; ** significant at 5%; *** significant at 1%. Nuaber of observations in Panel A is
417 or 407 when input tariffs are included astds. Number of observations in Panel B is 47€dlumns 1 to 3, 465 in columns 4 and 6, 475 inewl 6 and 463 in columns 7 and
8. Firm-level controls include employment measureefficiency units, sales per worker and skilkinsity, all measured in the initial year (1992§ustry-level controls include
demand elasticity, skill intensity and capital mtity of the 4-digit-ISIC industry in the U.S.

Table9: Product and Process Innovation by initial Export Status
Dependent variable indicated in columns

Product and Process Innovation

Product Innovation

rodurction Process Innovation

(€] @) 3 4 ®) (6) Q) ()] 9
Panel A: Sample of non-exportersin 1992
Change in Brazil's tariffs -0.179 -0.279 -0.368 -0.220 -0.315 -0.403 -0.145 -0.252 -0.334
[0.117] [0.098]*** [0.126]*** [0.126]* [0.109]*** [ 0.126]** [0.115] [0.097]** [0.138]**
Panel B: Sample of exportersin 1992 -0.324 -0.331 -0.413 -0.403 -0.393 -0.455 -0.247 270 -0.363
Change in Brazil's tariffs [0.130]** [0.140]** [0.84]* [0.159]** [0.151]** [0.204]** [0.122]** [0.14 5]* [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-1ISIC industry dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: standard errors are clustered at the 4-8¢@ industry level. * indicates significant 288%; ** significant at 5%; *** significant at 1%. Nuaber of observations in Panel A is
741 in column 1, 725 columns 2, and 3, 747 inwolyl, 731 in columns 5 and 6, 753 in column 7 &8idif columns 8 and 9. Controls for changes in Atige’s tariffs w.r.t. the
world and Brazil include both output and inputffarFirm-level controls include employment measuiredfficiency units, sales per worker and skiteinsity, all measured in the initial
year (1992). Industry-level controls include dematuasticity, skill intensity and capital intensifthe 4-digit-ISIC industry in the U.S.



Table 10: Export Sales to Brazil
Dependent variable: change in (log) export sal&211996

1) 2) 3) 4) () (6)
Panel A: OLS
Change in Brazil’s tariffs -2.836 -3.598 -2.402 -3.113 -2.621 -2.291
[1.560]* [1.346]*** [1.622] [1.325]** [1.221]** [1.325]*
R-squared 0.39 0.45 0.45 0.07 0.19 0.17
Pane B: 1V
Change in Brazil's tariffs -3.513 -4.226 -3.129 -3.911 -3.326 -3.242
[1.448]** [1.274]%** [1.411]* [1.339]*** [1.273]%** [1.341]**
R-squared 0.39 0.45 0.45 0.07 0.19 0.16
Panel C: First Stage
Brazil's tariffs in 1991 -0.774 -0.764 -0.747 -0376 -0.767 -0.744
[0.035]*** [0.040]*** [0.038]*** [0.026]*** [0.029]*** [0.032]***
R-squared 0.95 0.95 0.95 0.94 0.94 0.94
F-test on excluded instrument 480.12 366.19 378.54| 867.08 685.09 548.69
Controls
Change in Arg.’s tariffs w.r.t. world Yes Yes
Change in Arg.’s tariffs w.r.t. Brazil Yes Yes
Industry-level controls Yes Yes Yes Yes
2-digit-ISIC industry dummies Yes Yes Yes
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%; ***gificant at 1%. Controls for changes
in Argentina’s tariffs w.r.t. the world and Bragilclude both output and input tariffs. Industry-éé¢eontrols include demand elasticity,

skill intensity and capital intensity of the 4-dig$1C industry in the U.S.

Table 11: Domestic Sales, Effect of Argentina’s Oput Tariff Reductions w.r.t Brazil
Dependent variable: change in log (domestic sdl@8p-1992

(1) (2) 3) 4) (5) (6) (1)
Change in Arqg.’s tariffs w.r.t. Brazil
Outputs 1.315 1.465 1.022 1.278 1.022 0.662 0.619
[0.545]** [0.573]** [0.541]* [0.545]** [0.538]* [0.585] [0.701]
Inputs -1.010 -0.591 -0.579 -1.161 -1.047
[1.556] [1.417] [1.351] [1.285] [1.241]
Change in Brazil's tariffs 0.191 0.306 0.438
[0.256] [0.211] [0.271]
Firm-level controls Yes Yes
Industry-level controls Yes Yes
2-digit-1SIC industry dummies Yes Yes Yes Yes Yes esY Yes
Observations 1371 1339 1339 1339 1371 1339 1339
R-squared 0.06 0.06 0.08 0.06 0.06 0.08 0.06

Notes: standard errors are clustered at the 4-I8¢@ industry level. * indicates significant 88%; ** significant at 5%; *** significant at 1%.
Firm-level controls include employment measuredffitiency units and skill intensity, both measunedhe initial year (1992). Industry-level
controls include demand elasticity, skill intensatyd capital intensity of the 4-digit-1ISIC industrythe U.S.

Table 12: Domestic Sales, Effect of other Tariff Réuctions
Dependent variable: change in log (domestic sdl@8%-1992

(€] (2) 3 (4) 5)
Change in Brazil's tariffs 0.368
[0.246]
Change in Arg.’s tariffs w.r.t. Brazil
Inputs 0.579
[1.442]
Change in Arg.’s tariffs w.r.t. the world
Outputs -1.171 -1.425
[0.786] [0.788]*
Inputs 2.358 2.551
[1.592] [1.635]
2-digit-1ISIC industry dummies Yes Yes Yes Yes Yes
Observations 1377 1345 1377 1345 1345
R-squared 0.05 0.05 0.05 0.05 0.06

Notes: standard errors are clustered at the 4-t8¢@ industry level.

* indicates significant a80%; ** significant at 5%; *** significant at 1%.



