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Main features
Impact of trade agreement (MERCOSUR) on Argentina
Look at firms’s technology upgrading and export decision
simultaneously
Good setup because of large tariff drop: from 29% average in 1991
to zero in 1995

I This is tariff faced by Argentinian exporters to Brazil
I it varied across industries

Advantage of data set: availability of data on tech spending:
computers, patents, innovation, R&D
Main result: sectors with larger tariff cuts see an increase in export
probability and technology upgrading:

I average reduction in tariff (24%) increases probability of exporting by
10-12 percentage points

I increase in tech spending by 0.20-0.28 log points
I effect is stronger in upper-middle range of distribution (different from

Lileeva and Trefler)
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Model

Two symmetric countries of size L
One industry Melitz-type
Productivity is ϕ and distributed Pareto with shape parameter k:
G (ϕ) = 1 − ϕ−k

Entry cost of fe , fixed export cost fx and variable transport cost τ
Fixed cost of production f
Choice of two technologies: h or l

I higher technology has a higher fixed cost ηf and a lower marginal
cost 1

γϕ

Two cost functions:

TCl (q, ϕ) = f + q
ϕ

TCh (q, ϕ) = f η + q
ϕγ
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Firm behavior

Preferences are CES with elasticity of substitution σ

q (ω) = EPσ−1p (ω)−σ

Denote by ρ = σ−1
σ the mark-up

Frim have 4 options with 4 profits associated:
I Produce for domestic market and tech l

πd
l (ϕ) = 1

σ
E (Pρ)σ−1

ϕσ−1 − f

I Produce for domestic market and tech h

πd
h (ϕ) = 1

σ
E (Pρ)σ−1

ϕσ−1γσ−1 − f η
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Firm behavior (cont.)
Dom+Export and tech l :

πx
l (ϕ) =

(
1 + τ1−σ

) 1
σ

E (Pρ)σ−1 ϕσ−1 − f − fx

Dom+export and tech h

πx
h (ϕ) =

(
1 + τ1−σ

) 1
σ

E (Pρ)σ−1 ϕσ−1γσ−1 − f η − fx

Notice complementarity between three objects:(
1 + τ1−σ)ϕσ−1γσ−1

So we know that the least productive firm will choose dom+tech l
and most productive firm with choose export+tech h
Bustos kills option Dom+tech h by choosing fixed costs
Three cutoffs only:

I exitϕ∗

I exporting ϕx

I exporting+high tech ϕh
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Cutoffs (graphically)
311BUSTOS: TRAdE LIBERALIzATIOn, ExpORTS, And TEChnOLOgy UpgRAdIngVOL. 101 nO. 1

Note that the assumption that both countries are identical and trade costs are sym-
metric implies that the price index  (p)  and the expenditure level  (E)  in foreign mar-
kets are the same as at home. Exporting and technology choices are represented in 
Figure 1, where the four possible profits are depicted as a function of firm productiv-
ity.12 The equilibrium depicted is obtained when   φ x   < φ h , where  φ x  is defined as the 
level of productivity above which a firm using technology l finds exporting profitable
[ π  l  d ( φ x ) =  π  l  x ( φ x )] and  φ h  is defined as the level of productivity above which an 
exporter finds adoption of technology h profitable [ π  h  x

  ( φ h ) =  π  l  x ( φ h )]. In online 
Appendix A, I show that in this equilibrium firms sort into four different groups: 
the least productive firms  (φ <  φ * )  exit, the low productivity firms  ( φ *  < φ <  φ x   )  
serve only the domestic market and use technology l, the medium productivity firms  
( φ x  < φ <  φ h )  still use technology l but also export, and the most productive firms  
( φ h  < φ)  both export and use technology h.13

Note that in Figure 1 using technology h and serving only the domestic market is 
always dominated by some other choice. Note also that there is a range of productiv-
ity levels where exporting is profitable but adopting technology h is not, so that the 
marginal exporter uses technology l. I focus in this case  ( φ x  <  φ h )  in what follows 
and provide the necessary parameter restrictions for this ordering of cutoffs to apply. 
The opposite case  ( φ x  >  φ h )  is one where the equilibrium features no exporters 
using the low technology, which is inconsistent with the empirical findings I report 
in the next section.

To solve for the industry equilibrium it is useful to state the conditions for exit, 
entry in the export market, and technology adoption as a function of the exit cutoff, 
which I do next.

12 More precisely a transformation of firm productivity:  φ σ−1 .
13 Available from http://www.aeaweb.org/articles.php?doi=10.1257/aer.101.1.XX.

l Technology 
export 

h Technology 
export 

Exit l Technology 
don’t export 

h
xπ

l
xπ
h
dπ
l
dπ

−( f + f
x
)

− fη

− f

(φh)σ‒1(φx)σ‒1(φ*)σ‒1

φσ‒1
0

−( fη + f
x
)

Figure 1. Exporting and Technology Choices
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Cutoffs (algebra)
Exit (as in Melitz):

πd
l (ϕ∗) = 0

Export:
πx

l (ϕx ) = πd
l (ϕx )

I which implies:

ϕx = ϕ∗τ

(
fx
f

) 1
σ−1

Export +high tech
πx

l

(
ϕh
)

= πx
h

(
ϕh
)

I which implies

ϕh = ϕ∗ 1
(1 + τ 1−σ)

1
σ−1

(
η − 1

γσ−1 − 1

) 1
σ−1
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Cutoffs (algebra) (cont.)

Notice that low τ implies high tech firms are a larger share of total
active firms (complementarity between exporting and productivity)
We can also find the share of high tech firms out of total exporters:

ϕh

ϕx =

 τ1−σ

1 + τ1−σ

η−1
γσ−1−1

fx
f

 1
σ−1

Condition for ϕh

ϕx > 1 is that cost of high tech adoption η is large
enough relative to fx
We are skipping derivation of cutoff ϕ∗and other equilibrium
variables like P and mass of firms M

José Pulido (UR) Trefler (AER 2004) SAC - 2018 Term 2 8 / 24



Predictions of trade liberalization

As τ falls:
I the fraction of surviving firms that export and use high tech increase
I expected profits increase (like Melitz)
I price index falls (like Melitz)
I exit cutoff increases (like Melitz)
I export cutoff decreases
I cutoff for high tech decreases
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Trade liberalization in Mercosur

Unexpected market-oriented reforms after Menem campaigned on
populist platform (elected in 1989)
Agreement in 1991, custom union in 1995
Generalized, linear and automatic tariff cuts, instead of industry by
industry
Exports to Brazil quadrupled (rest of world export up by only 60%)
betweeen 1992 and 1996
To avoid endogeneity of tariff change: ∆τ = τ1991

Industry is 4-digit ISIC code
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Tariffs

317BUSTOS: TRAdE LIBERALIzATIOn, ExpORTS, And TEChnOLOgy UpgRAdIngVOL. 101 nO. 1

As m.f.n. tariffs in Argentina were already low before MERCOSUR was launched, 
the baseline for the reduction in Argentina’s tariffs for imports from Brazil was only 
13 percentage points on average (Table 1). Still, there was significant variation in 
tariffs across four-digit ISIC industries, from 0 to 22 percentage points. Surprisingly, 
imports from Brazil grew exactly at the same rate as imports from the rest of the 
world during this period (60 percent).

As Argentina’s unilateral trade liberalization occurred before the period under 
study, between 1992 and 1996 Argentina’s average import tariffs with respect to the 
rest of the world increased slightly (1 percentage point). Still, there were changes in 
tariffs in both directions, from −10 percentage points to 14 percentage points across 
four-digit ISIC industries. The modifications on import tariffs during this period are 
related to the convergence to the CET that partly reflected the structure of protection 
in Brazil.22

In addition, Table 1 reports average m.f.n. input tariffs for Argentina as these are 
used for robustness checks in the empirical analysis of the impact of Brazil’s tariffs 
on entry in the export market and technology upgrading. The input tariff for each 
industry is computed as a weighted average of the tariffs of all inputs used, where 
the weights are based on the cost share of each input obtained from the input-output 
matrix of Argentina, as described in online Appendix D. The baseline m.f.n. rates 
for Argentina’s input tariff reductions with respect to Brazil were smaller than the 
output tariffs reported above, with an average level of 11 percentage points in 1992. 
Similarly, the changes in Argentina’s input tariffs with respect to the world were 
smaller than the output tariffs, ranging from −3 to 6 percentage points.

Finally, an important point to note is that the start of MERCOSUR tariff reduc-
tions with respect to m.f.n. rates, December 1991, just precedes the period under 
study, 1992–1996. Still, exports seem to have reacted to tariff declines with a lag. 
The data on aggregate Argentinian industrial exports to Brazil show that these 
started growing in 1993. Thus, it is likely that the relevant overall tariff reductions 
in the period 1992–1996 are the full 100 percent reduction over m.f.n. rates between 
December 1991 and 1994 and not the 32 percent remaining reduction that occurred 

22 Berlinski et al. (2006) and Won Chang and L. Alan Winters (2002) provide a more detailed discussion of 
Argentina and Brazil’s trade policy measures in the 1990s.

Table 1—Brazil and Argentina’s m.f.n. Tariffs

Average
Standard 
deviation Minimum Maximum Industries

Brazil’s m.f.n. tariffs in 1991 0.29 0.17 0.00 0.84 101
Brazil’s m.f.n. tariffs in 1992 0.24 0.13 0.00 0.63 104

Argentina’s m.f.n. tariffs in 1992
 Outputs 0.13 0.06 0.00 0.22 102
 Inputs 0.11 0.03 0.01 0.17 101

Change in Argentina’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 ISIC industries with available tariff data.
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Firm-level data

Firm-level data from ENIT (Encuesta national de innovacion y
conducta tecnologica de las empresas argentinas)
Survey period 1992-1996 conducted in 1997
Sample is 1639 industrial firms (representative of firms with more
than 10 employees)

I 15% of firms, 90% of output
I use balanced panel of 1380 firms that exist both in 1992 and 1996

Two variables:
I spending on technology variable: computers+software, payments for

tech transfer and patents, spending on equipment, material and labor
related to innovation activities within the firm

I index: out of 9 activities, how many the firm answered yes (process
innovation, etc.)

Employment by education group
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Fall in transport cost

321BUSTOS: TRAdE LIBERALIzATIOn, ExpORTS, And TEChnOLOgy UpgRAdIngVOL. 101 nO. 1

export, and the most productive firms both export and use the high technology. In 
this setting a reduction in variable trade costs increases exporting revenues, inducing 
firms in the middle range of the productivity distribution to enter the export market 
and upgrade technology.

Figure 2 illustrates the effects of trade liberalization for firms in each part of the 
productivity distribution. The upper line represents productivity cutoffs to adopt 
the high technology and to enter the export market before liberalization ( φ  0  x

  ,  φ  0  h ), 
while the lower line represents the cutoffs after liberalization ( φ  1  x

  ,  φ  1  h ). Within the 
group of firms that were already exporting before liberalization ( φ  0  x

   < φ), those in 
the upper range of productivity ( φ  0  h  < φ) were already using technology h, while 
firms in the range  φ  0  x

   < φ <  φ  0  h  adopt it only afterwards. Within the group of firms 
that enter the export market after liberalization ( φ  1  x

   < φ <  φ  0  x
  ), those in the upper 

range ( φ  1  h  < φ <  φ  0  x
  ) enter the export market and adopt the new technology, while 

those in the lower range ( φ  1  x
   < φ <  φ  1  h ) enter the export market but keep the old 

technology.
To check whether the sorting pattern depicted in Figure 2 and the parameter restric-

tions required to obtain it are consistent with the data, I divide firms into three groups: 
continuing exporters,29 new exporters,30 and never exporters,31 and compute differ-
ences in characteristics for firms operating within the same four-digit ISIC industry.

Table 2 reports that, on average, continuing exporters have a 0.33 log points higher 
level of spending on technology per worker than never exporters in 1992. This is 
consistent with at least a fraction of them already using the high technology before 
liberalization. Interestingly, they increase spending on technology 0.28 log points 
faster than never exporters during the liberalization period (1992–1996), which is 
consistent with a fraction of them adopting the high technology after liberalization.

29 Firms that were already exporting in 1992.
30 Firms that export in 1996 but were not exporting in 1992.
31 Firms that do not export in 1992 nor 1996.

*
1φ x

1φ h
1φ

1992 

1996 

Stay  
nonexporter 
Stay low 
technology 

Start  
exporting 
Stay low  
technology 

Start  
exporting 
Switch to high 
technology  

Continue  
exporting 
Switch to high 
technology 

Continue 
exporting 
Stay high 
technology 

Exit 

*
0φ x

0φ h
0φ

Figure 2. Effect of Falling Variable Trade Costs
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Predictions

Continuing exporters have higher spending on tech per worker than
never-exporters (0.33 log points≈39%)

I they increase spending faster (0.28)
New exporters not more technologically advanced than never
exporters (not significant positive)

I they increase spending faster (0.375)
So far this only documents a correlation between export decision
and technology upgrading decision, no causality

I Use differential tariff change across industries to identify effect
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Difference between Exporters and Non-exporters
322 ThE AMERICAn ECOnOMIC REVIEW FEBRUARy 2011

Firms that would enter the export market after liberalization were not significantly 
more technology intensive than never exporters in 1992 (Table 2). In contrast, after 
liberalization these new exporters become more technology intensive than firms that 
do not export, increasing their spending on technology per worker 0.37 log points 
faster between 1992 and 1996.

The patterns in the data described above show that there is a coincidence between 
entry in the export market and technology upgrading but can’t establish whether it is 
expanded export opportunities that cause technology adoption, vice versa, or whether 
both are caused by a third factor. Some alternative explanations for the results in Table 
2 can be ruled out: as these are based on comparisons of exporters and nonexport-
ers within industries, they are robust to macroeconomic shocks that affect all firms 
equally (an example could be exchange rate appreciation) and to shocks that affect 
all firms within an industry (an example could be fast technological change in a par-
ticular industry). Still, the fact that within each sector exporters and new exporters 
are upgrading technology faster than other firms could reflect other shocks that affect 
middle and high productivity firms differentially. This is particularly plausible in a 
context where several reforms were implemented at the same time. For example, capi-
tal account liberalization, which could facilitate access to credit to finance technology 
upgrading and entry in foreign markets to medium and big firms but not to small firms 
in the presence of credit constraints. Then, the next step in the empirical analysis 
attempts to establish causality by linking exporting and technology adoption directly 
to the reduction in Brazil’s tariffs for imports from Argentina.

B. The Impact of the Reduction in Brazil’s Tariffs: Identification Strategy

The empirical identification of the effect of the fall in variable export costs on 
entry in the export market and technology upgrading by Argentinian firms is based 

Table 2—Differences between Exporters and Nonexporters

Levels in 1992 Changes 1992–1996

Continuing 
exporters

New  
exporters

Continuing 
exporters

New  
exporters

Number  
of firms

Firm characteristic
 Sales 1.770 1.032 0.180 0.254 1,380

[0.089]*** [0.103]*** [0.040]*** [0.049]***

 Employment 1.509 0.870 0.021 0.183 1,380
[0.074]*** [0.089]*** [0.026] [0.035]***

 Spending on 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 1,380
[1.034]*** [1.104] [0.377]*** [0.471]***

notes: Robust standard errors in brackets. Exporter premia are estimated from a regression of the form: ln
yij = α1 nEij + α2  EEij + α3  Enij + Ij + εij where i indexes firms, j indexes four-digit ISIC industries; nE are new 
exporters (231 firms), EE are continuing exporters (556 firms), En are firms that exported in 1992 but didn’t in 1996 
(27 firms) and the reference category relative to which differences are estimated is nonexporters (566 firms); I are 
industry dummies, and y is the firm characteristic for which the differences are estimated.
 *** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
   * Significant at the 10 percent level.
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Using tariff changes

Since all tariffs are expected to go to zero in 1995:
∆τ = τ1995 − τ1991 = −τ1991
Correlation of initial tariff with other industry characteristics and
different trends. To address this problem:

I include two-digit industry dummies in the differenced equations
(control for trends at the 2-digit level)

I include controls for industry-level variables: elasticity of demand,
capital and skill intensity

Also control for Argentinian tariff change
Important: effect of tariff cuts different by size of firm

I divide firms into quartiles based on size of firm (sales) relative to
industry mean
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Export Entry specification

Entry in export market: estimate a linear probability model

EXPijst = βτ x τjt + αst + µi + εijst

where i is plant, j is 4-digit sector, s is 2-digit sector and t is time
(1992 or 1996)
Incidental parameter problem (Neyman and Scott, 1948) makes
estimation with Probit and plant-level fixed effects inconsistent (can
still do two-digit ISIC dummies)

I problem arises in non-linear models when number of incidental
parameters (e.g. fixed effect) rises with the number of observations

If using linear probability model then can take first differences since
panel is balanced

∆EXPijs = βτ x ∆τ x
j + ∆αs + ∆εijs
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Entry in Export Market
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In this case, first differencing eliminates time-invariant plant and sector heterogeneity:

(11) ΔEx p ijs  =  β  τ    x   Δ τ  j  x  + Δ α s  + Δ ε ijs  .

Estimation of equation (11) by OLS is reported in the first column of panel A of Table 
3, where the reported standard errors are clustered at the four-digit ISIC industry 
level. The coefficient in the change in Brazil’s tariffs ( β  τ    x  ) is negative (−0.421) and 
significant (t = −5.01). The estimated coefficient implies that the average reduc-
tion in Brazil’s tariffs (24 percentage points) increases the probability of entry in 
the export market by 10 percentage points. Columns 2 to 8 assess the robustness of 
the baseline results to inclusion of controls, as described by the following equation:

(12) ΔEx p ijs  =  β  τ    x   Δ τ  j  x  +  β  τ    m  Δ τ  j  m  +  β z   z ij1992  +  β c   c j  + Δ α s  + Δ ε ijs 

Table 3—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

Δ 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]***

Δ Argentina’s tariffs w.r.t. world
 Outputs 0.207 0.176 −0.003

[0.423] [0.409] [0.340]
 Inputs 1.126 1.543

[0.886] [0.693]**

Δ Arg.’s tariffs w.r.t. Brazil
 Outputs −0.507 −0.780 −0.269

[0.331] [0.300]** [0.344]
 Inputs 1.215 0.702

[0.599]** [0.524]
Industry-level controls yes yes
Firm-level controls yes yes yes yes yes yes yes
2-digit ISIC industry  
 dummies

yes yes yes yes yes yes yes yes

Observations 1,380 1,380 1,380 1,348 1,348 1,374 1,342 1,342
R2 0.03 0.04 0.04 0.04 0.05 0.04 0.04 0.05

panel B: Full sample. dependent variable: export status in 1996

Δ 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]** [0.111]** [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]***

R2 0.46 0.50 0.50 0.50 0.50 0.50 0.50 0.50

panel C: Sample of nonexporters in 1992. dependent variable: export status in 1996

Δ 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]** [0.175]** [0.202]***

Observations 797 797 797 781 781 797 781 781
R2 0.04 0.16 0.16 0.16 0.17 0.16 0.16 0.17

notes: Standard errors are clustered at the 4-digit ISIC industry level. Δ denotes a change in a variable during the 
period 1992–1996. Firm-level controls include employment measured in efficiency units, sales per worker, and skill 
intensity, all measured in the initial year (1992). Industry-level controls include demand elasticity, skill intensity, 
and capital intensity of the 4-digit ISIC industry in the United States. In panel B remaining controls and number 
of observations are the same as in the corresponding column in panel A. In panel C controls are the same as in the 
corresponding column in panel A.
 *** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
   * Significant at the 10 percent level.
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Remarks

Magnitude: average tariff cut of 24% leads to increased probability
of exporting by 10 pp
Robust to controlling for: change in Argentinian tariffs, initial
employment, sales per worker, skill intensity and industry-level
controls
Potential problem: sunk costs in exporting make export decision in
1996 dependent on export in 1992

I cannot control for initial export status because EXP1996 would enter
both right and left-hand side

I run specification in levels

EXPijs1996 = βτ x ∆τ x
j + δEXPij1992 + αs + εijs1996

I result by Angrist and Pischke (2009): first-difference and lagged
dependent value regression coefficients will bracket the true value of β
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Entry in Export by Quartile
328 ThE AMERICAn ECOnOMIC REVIEW FEBRUARy 2011

firms that were not exporters in 1992, with similar results as in the full sample  
( β   τ     x   3

   = −0.774, t = −3.20).
The effect of the reduction in tariffs on the rest of the quartiles is less precisely 

estimated. The coefficients are negative but not always statistically significant. Taken 
altogether the results suggest that some firms in the first, second, and fourth quartiles 
were induced to enter the export market by the reduction in Brazil’s tariffs. This is 
not inconsistent with the model, as size is not a perfect measure of productivity, and 
the exporting cutoffs might differ across industries.

The point estimates of  β   τ     x   3
   in the baseline specifications (columns 1, 4, and 7) imply 

that the 24 percentage point reduction in Brazil’s tariffs increases the probability to 
enter the export market by 19 to 13 percentage points for firms in the third quartile 
of the size distribution. The finding that the reduction in Brazil’s tariffs had a smaller 
impact on entry for firms in the top quartile of the size distribution suggests that most 
of them were above the threshold before (or regardless of) liberalization. Similarly, 
the lower induced entry for firms in the first and second quartiles suggests that most 
of them were still below the threshold after liberalization. Thus, trade liberalization 
induced more entry in the export market for firms in the upper-middle range of the 
size distribution.

To assess the robustness of the baseline estimates of  β   τ  x   r
   discussed above (col-

umns 1, 4, and 7 of Table 4) I perform a similar series of checks as in the estimation 
of average industry-level effects of the reduction in Brazil’s tariffs in Table 3. The 

Table 4—Entry in the Export Market by Quartile of the Firm Size Distribution

Dependent variable 
indicated in columns

Full sample Sample of nonexporters in 1992

Change in export status 1996–1992 Export status in 1996 Export status in 1996

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Δ Brazil’s tariffs
 × first size quartile −0.331 −0.388 −0.442 −0.125 −0.159 −0.293 −0.358 −0.372 −0.436

[0.185]* [0.188]** [0.198]** [0.170] [0.179] [0.190] [0.182]* [0.202]* [0.226]*
 × second size quartile −0.327 −0.367 −0.412 −0.146 −0.170 −0.306 −0.261 −0.258 −0.318

[0.146]** [0.195]* [0.219]* [0.175] [0.212] [0.228] [0.230] [0.260] [0.278]
 × third size quartile −0.722 −0.784 −0.832 −0.541 −0.576 −0.702 −0.774 −0.720 −0.782

[0.166]*** [0.151]*** [0.203]*** [0.155]*** [0.152]*** [0.199]*** [0.242]*** [0.239]*** [0.287]***

 × fourth size quartile −0.356 −0.429 −0.483 −0.286 −0.339 −0.474 −0.276 −0.323 −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]*** [0.027]*** [0.028]***

 Δ Arg.’s tariffs 
  w.r.t. world yes yes yes
  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 1,380 1,348 1,342 1,380 1,348 1,342 797 781 781
R2 0.03 0.05 0.04 0.50 0.50 0.50 0.15 0.16 0.16

notes: Standard errors are clustered at the 4-digit ISIC industry level. Δ denotes a change in a variable during the 
period 1992–1996. Controls for changes in Argentina’s tariffs with respect to the world and Brazil include both out-
put and input tariffs. Industry-level controls include demand elasticity, skill intensity, and capital intensity of the 
4-digit ISIC industry in the United States. Firm-level controls include dummies for the second, third, and fourth 
quartile of the firm-size distribution in the initial year (1992).
 *** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
   * Significant at the 10 percent level.
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Technology Adoption

Data available for all years 1992-1996, but use only before and after
information (otherwise need to cluster at the industry-post level)
Estimating equation:

∆logSTijs = βτ x ∆τ x
j + βτm ∆τm

j + ∆εijs

Magnitude: average tariff reduction of tariff (24pp) induced increase
in spending by 0.24 log points (1.079x0.24)
Effect of Argentina‘s import tariffs on inputs and outputs go in the
same direction, but are never significant
Caveat: estimation done only on firms that report positive spending
on technology (894 out of 1380) (why not use zeros?)
Technology Index: averge tariff reduction increases by 19pp the share
of firms answering yes to questions about technology upgrading
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where the change in ST in the liberalization period is

  Δlog S T ijs  =   1 _ 
4

    ∑ 
t=1993

  
1996

   logS T ijst   − logS T ijs1992  .

Estimation of equation (16) by OLS is reported in Table 5. The coefficient on the 
change in Brazil’s tariffs is negative and significant in all specifications. The esti-
mated coefficient in the baseline specification in column 1, where only the change 
in Brazil’s tariffs is included as a regressor, is −1.079 (t = 3.08) and implies that 
the average reduction in Brazil’s tariffs (24 percentage points) induces an increase 
in technology spending of 0.24 log points. The estimated coefficient is not affected 
by the inclusion of firm-level controls (column 2) nor by the change in Argentina’s 
output and input tariffs with respect to the world (columns 3 to 5). Instead, the inclu-
sion of the change in Argentina’s output tariffs with respect to Brazil (column 6) 
increases the coefficient to −1.437 (t = −3.21), possibly because these are corre-
lated with Brazil’s tariffs but had an effect of the opposite sign in technology adop-
tion, although it is not statistically significant. Finally, the inclusion of the change 
in Argentina’s input tariffs with respect to Brazil (column 7) does not affect the 
estimated coefficient.

A further question is whether the reduction in Brazil’s tariffs also increases the 
technology intensity of production, in the sense of increasing the ratio of spending 
on technology to labor. This is stronger evidence that firms are actually changing 
their production technology, instead of just expanding production by increasing the 

Table 5—Technology Adoption

Dependent variable: change in 
log (spending on technology) (1) (2) (3) (4) (5) (6) (7) (8)

Δ 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]**

Δ Argentina’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]
Δ Argentina’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]
Industry-level controls yes yes
Firm-level controls yes yes yes yes yes yes yes
2-digit ISIC industry dummies  yes yes yes yes yes yes yes yes
Observations 894 894 894 872 872 892 870 870
R2 0.03 0.05 0.05 0.05 0.06 0.05 0.05 0.06

notes: Standard errors are clustered at the 4-digit ISIC industry level. Δ denotes a change in a variable during the 
period 1992–1996. Firm-level controls include employment measured in efficiency units, sales per worker, and skill 
intensity, all measured in the initial year (1992). Industry-level controls include demand elasticity, skill intensity, 
and capital intensity of the 4-digit ISIC industry in the United States.
 *** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
   * Significant at the 10 percent level.
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in the range  φ  1  h  < φ <  φ  0  h  in Figure 2. To test this prediction, I estimate the effect 
of the change in Brazil’s tariffs on each quartile of the initial firm size distribu-
tion43 through the following equation:

(17) ΔlogS T ijs  =   ∑ 
r  =1

  
4

    β   τ    x   r
   (Δ τ    j  x   ×   Q  ij  r

  )   +   ∑ 
r =2

  
4

     δ r  Q  ij  r
     + β  τ  m  Δ τ  j  m  + Δ α s  + Δ ε ij  ,

where r indexes each of the four quartiles of the size distribution, and  Q  ij  r
   are dummy 

variables taking the value of 1 when firm i belongs to quartile r. Estimation results 
are presented in Table 7 for both spending on technology and the innovation index. 
The reduction in tariffs induces a statistically significant increase in spending on 
technology only in the third quartile of the size distribution, where the estimated 
coefficient is −2.106 (t = 3.46) (column 1). The point estimate is double the size of 
the estimated average effect for all firms reported in Table 5 and more than double 
the estimated coefficient for the other three quartiles of the size distribution. The 
results on the innovation index parallel the findings with the ST measure: the reduc-
tion in tariffs induces a statistically significant increase in innovation only in the 
third quartile of the size distribution, where the point estimate of  β   τ x   r

   is −0.359 
(t = 2.70), as reported in column 4.

43 As noted above, I use initial firm size in terms of (log) employment in efficiency units relative to the four-digit 
industry average as a proxy for initial productivity. Alternatively I used (log) domestic sales relative to the four-digit 
industry mean as a proxy for initial productivity, with similar but less precise results than the ones reported below.

Table 6—Product and Process Innovation

Dependent variable 
indicated in columns

Product and process innovation Product innovation Production process innovation

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Δ 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]*** [0.117]*** [0.116]** [0.098]*** [0.116]*** [0.100]* [0.093]*** [0.127]***

Δ 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]
Δ 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 ISIC industry  
 dummies

yes yes yes yes yes yes yes yes yes

Observations 1,301 1,269 1,263 1,312 1,280 1,274 1,319 1,287 1,281
R2 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-digit ISIC industry level. Δ denotes a change in a variable during the 
period 1992–1996. Firm-level controls include employment measured in efficiency units, sales per worker, and skill 
intensity, all measured in the initial year (1992). Industry-level controls include demand elasticity, skill intensity, 
and capital intensity of the 4-digit ISIC industry in the United States.
 *** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
   * Significant at the 10 percent level.
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The effect of the reduction in tariffs on the rest of the quartiles is less precisely 
estimated. The coefficients are negative but not statistically significant; thus it is 
possible that some firms in the first, second, and fourth quartiles were induced to 
upgrade technology by the reduction in Brazil’s tariffs. As mentioned above, this is 
not inconsistent with the model, as size is not a perfect measure of productivity, and 
the technology adoption cutoffs might differ across industries.

The point estimate of  β   τ    x   3
   implies that the 24 percentage point reduction in Brazil’s 

tariffs induces firms in the third quartile of the size distribution to increase their 
spending on technology an average of 0.50 log points. The finding that firms in the 
top quartile of the size distribution did not increase ST in response to the reduction 
in tariffs suggests that they were above the threshold before, or regardless of, liber-
alization. Similarly, the lower and not statistically significant increase in spending 
on technology for firms in the second quartile suggests that they were still below the 
threshold after liberalization. Thus, trade liberalization induced technology upgrad-
ing for firms in the upper-middle range of the size distribution.

To assess the robustness of the baseline estimates of  β   τ  x   r
   discussed above (col-

umns 1 and 4 of Table 7) I perform a similar series of checks as in the estimation 
of average industry-level effects of the reduction in Brazil’s tariffs in tables 5 and 6. 
Columns 1–6 in Table 7 show that results are robust to the inclusion of changes in 
Argentina’s import tariffs (for both output and inputs and with respect to the world and 
Brazil) and industry characteristics (capital, skill intensity, and elasticity of demand).44

44 As a further robustness check, interactions between changes in Argentina’s import tariffs and firm size 
quartiles were included as controls in the estimation of equation (17). Alternatively, a set of interactions between 

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

Dependent variable indicated 
in columns

Change in spending on technology Product and process innovation

(1) (2) (3) (4) (5) (6)

Δ Brazil’s tariffs 
 × 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]
 × 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]**

 × 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]*** [0.171]***

 × 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 
 Δ Arg.’s tariffs w.r.t. world yes yes
 Δ 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 1,301 1,269 1,263
R2 0.05 0.06 0.06 0.20 0.20 0.20

notes: Standard errors are clustered at the 4-digit ISIC industry level. Δ denotes a change in a variable during the 
period 1992–1996. Controls for changes in Argentina’s tariffs with respect to the world and Brazil include both out-
put and input tariffs. Industry-level controls include demand elasticity, skill intensity, and capital intensity of the 
4-digit ISIC industry in the United States. Firm-level controls include dummies for the second, third, and fourth 
quartile of the firm-size distribution in the initial year (1992).
 *** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
   * Significant at the 10 percent level.
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