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Abstract

In the last 20 years, wage inequality has increased in many developing countries. Most
research on this topic focuses on two alternative causes: trade or skill-biased technical change.
Several empirical studies in both developed and developing countries document increases in skill
intensity within all sectors, favoring the technological change explanation over trade. Instead, I
present and test a model where bilateral trade liberalization increases exporting revenues inducing
more firms to enter the export market and to adopt skilled-biased new technologies. | find that the
increase in the relative demand of skilled labor does not come from labor reallocation across
sectors or firms but from skill upgrading within firms. Firms that upgrade technology faster also
upgrade skill faster. Finally, firms entering the export market after liberalization become more

skill and technology-intensive than non exporters.
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1 Introduction

In the last 20 years, wage inequality has increasetany developed and developing
countries. Most research on this topic focusesmanpossible causes, trade or skill-
biased technical change. The evidence suggestthemain cause of the rising skill
premium has been skill-biased technical changd traéide playing a minor role. An open
guestion remains on the effects of trade on tedyyshdoption and its effects on skill
upgrading through that particular channel.

The view that the rise in skill premia is causeddwshnological change is partly
founded in empirical studies that contradict thedgetions of the Hecksher-Ohlin (H-O)
trade model: when a skill-abundant county openwupmde, the relative price of skill-
intensive goods increases and production shiftautdsvskill-intensive sectors, increasing
the relative demand for skilled labor and the gki#mium; conversely, trade opening in
skill-scarce developing countries would lead te@uction in the skill premium.

In the United States, where there has been a ghagase in the skill premium in
the last 20 years, the relative price of skilleddiaintensive goods has not increased
(Lawrence and Slaughter, 1993). Most of the in@a@ashe relative demand of skilled
labor has occurred within manufacturing sectorgh wnly a minor part being explained
by the expansion of skill-intensive sectors (BernBound and Griliches, 1994). The
finding that all sectors increased their relatieenénd for skilled labor and that the rate

of skill upgrading has been greater in computegnsive industries (Autor, Katz and



Krueger, 1998) suggests that skill-biased techrdbahge has played a more important
role than trade.

In addition, several empirical studies documenv@sierable increase in the skill
premium after trade liberalization in developingiotrsies like Brazil, Chile, Colombia
and Mexicd® In the case of Argentina, after trade was libeegliin the early 1990'’s, the
college wage premium increased 10 percentage paéntgear, while it had been stable
in the 1980’s (Galeani et al., 2003). In these toemthe share of skilled workers has
also increased within most industries. These erglifindings are also consistent with
the view that skill-biased technical change isdaese of widening wage inequality, and
are hard to reconcile with the predictions of th®©Hnodel®

| follow a different theoretical perspective thavks at the interplay of
technological change and trade liberalization. Aogim (1998, 2003) suggests that the
empirical findings for the U.S. are consistent wgtbbalization as the root cause of

widening wage inequality if growing trade increaties skill-bias of technical change in

! Feenstra and Hanson (1996, 1999) argue that whee in intermediate inputs is introduced in a H-O
framework, increased trade can cause skill upggadithin 4-digit industries.

2 See Pavcnik et al. (2004) on Brazil, Gindling &ubbins (2001) on Chile and Costa Rica; Attanasio e
al. (2004) on ColombigHanson and Harrison (1999) on Mexico.

3 The increase in the skill premium in Latin Ameriaauntries can be reconciled with the H-O framework
if unskilled-labor-intensive industries were relaly more protected prior to liberalization, or tlie
countries also open up to trade with more unskilfdmbr-abundant countries like China. These
explanations would still work through reallocatiooflabor towards skill-intensive sectors, and aog
consistent with the evidence for Colombia and Mexia the first country, Attanasio et al. (2004)dino
evidence of labor reallocation across sectors,famdthat changes in skill premiums cannot be ezlab
changes in tariffs across sectors. Feliciano (2@i@dls similar results for Mexico, and Verhoogei0@2)
reports employment shifts towards unskilled-labdensive industries, coincident with rising skitemia.
Feenstra and Hanson (1996, 1997) develop a moaehttounts for the simultaneous increase in thke sk
premium in a developed and a developing country nwtieey open up to trade, introducing capital
movements and trade in intermediate inputs, exjplgithe increase in the relative demand for skilsdzbr
within sectors. Antras et al. (2005) present a rhodleere globalization leads to the formation of
hierarchical teams across countries, leading thdrigvage inequality in developing countries as &igh
ability workers form teams with managers in develbpountries.



skill-abundant countries. Yeaple (2005) shows iheteased export opportunities make
adoption of new technologies profitable for moreng, thus increasing the aggregate
demand of skilled labor and the skill premium.

This paper presents simple model where trade guithtaccount liberalization
increase the profitability of new technologies énel relative demand for skilled labor in
developing countries, and tests its predictionthéncontext of the trade and capital
account liberalization in Argentina in the early908.

The model builds on work by Melitz (2003) and Yeaf005), departing from
the H-O framework by introducing increasing retutmscale and monopolistic
competition, as in Krugman (1979, 1980), and byfneg on within sector firm
heterogeneity rather than differences in skillmsigy across sectors. Firms are
heterogeneous in an underlying productivity par@m@vhich can be interpreted as
managerial ability), and can choose to adopt alanarginal cost new technology, after
paying a fixed cost. Within each sector, onlythast productive firms enter the export
market and thus make enough profits to pay thednifiked costs of adopting the new
technology. Trade liberalization reduces varialxjgogt costs, increasing exporting
revenues and inducing more firms to enter the éxparket, which makes adoption of
new technologies profitable for more firms. In dalah, it reduces the cost of adoption of
new technologies through the elimination of tariéh imported capital goods and
restrictions on technology transfers, making adwopprofitable for more exporters.
Capital account liberalization in a capital scazoantry reduces the interest rate, further
lowering the cost of investment in new technologhedoption of skill-intensive new

technologies increases the relative demand foleskihbor and the skill premium. But



because this affects all sectors, the effect ofetigannot be identified through variation
across sectors. This can rationalize the smalttsffef trade found in empirical studies
with sector-level data. Instead, | study heterogeseesponses to trade and capital
account liberalization of firms within sectors.

| analyze a new panel of Argentinean manufactufinngs covering the period
1992-1996. An advantage of this data set is thatitides information on the
educational level of workers, while standard industirveys and census only classify
workers into production (P) and non-production (MBgupational categories. An
additional new feature of this data set is thaeimits to build a comprehensive measure
of technology upgrading, as it includes severalatigions of adoption of new
technologies such as spending on high tech cagotads, computers and software;
payments for technology transfers and patentsspedding on equipment, materials and
labor related to innovation activities performedhivi the firm?

In a preliminary analysis of the data, | find tkia¢ equilibrium relative demand of
skilled labor increased 17% in the period 1992-19@@leani et al. (2003) report that in
the same period the skill premium was growing adarage of 7 percentage points per
year in the industrial sector, indicating that tise in the equilibrium relative demand of

skilled labor must come from a demand shift.

* Such as R&D, adaptation of new products or pradagirocesses, technical assistance for innovations
production, organization, commercialization, engireg and industrial design.

®> The equilibrium relative demand for skilled latisrmeasured as the ratio of skilled workers dividgd
unskilled workers. Skilled workers are college grates plus tertiary education graduates conveded t
college equivalents using the 1992 college wagmpna. Unskilled workers are primary school graégat
and high school graduates converted to primary alckquivalents using the 1992 high school wage
premium. As in both years workers are weighted hey 1992 wage premium, measured changes in the
equilibrium relative demand of skilled labor ongflect changes in quantities, and not in prices.



Out of the 17 percentage points increase in thdilequm relative demand of
skilled labor in the period 1992-1996, 15 perceatpgints are explained by skill
upgrading within P, NP and R&D occupational categgrand only 2 percent by
reallocations of labor from P towards NP and R&MDisTevidence suggests that previous
studies that have used P and NP as a proxy foilleasi&nd skilled labor might be
underestimating the degree of skill upgrading. Addally, | find that the increase in
relative demand of skilled labor does not come ftabor reallocation across sectors, nor
across firms, but from skill upgrading within firmiBhis evidence points towards
technology upgrading within sectors and firms a&srttain cause of the increase in the
relative demand of skilled labor. Therefore, my @mal work focuses on investigating
the effects of trade and capital account liberéibreon technology adoption and its
effects on skill upgrading through that particidaannel.

In the model, initial heterogeneity determinesefiintial firm-level responses to
liberalization. The model has predictions bothemnts of levels and changes in
technology spending after liberalization for firmisdifferent initial productivity:
continuing exporters (firms that exported both befand after trade liberalization), new
exporters (firms that started exporting after ldization) and never exporters (firms that
did not export before nor after liberalization)test the following five predictions of the
model: first, as the only firms using the new temlbgy before liberalization are the most
productive continuing exporters, observed skikkmgity before liberalization is higher
only for this group; second, continuing exportard ghe most productive new exporters
have a discretely higher level of spending on tetdgy after trade liberalization; third

and fourth, the change in technology spending &ildupgrading after trade



liberalization has a an inverted U shape, beingdsgfor firms in the middle range of the
productivity distribution (new exporters and thadeproductive continuing exporters);
finally, firms that upgrade technology faster alggrade skill faster.

The survey also contains information on the souoféésancing technology
spending that indicates that financial underdevelemt poses constraints on the optimal
technology choices predicted by the model, esdgd@ small and home-owned firms.
In the context of the model, the presence of cremhistraints coupled with fixed costs of
technology adoption imply that foreign-owned firare® more likely to be able to finance
investment in technology.

When taking the predictions of the model to theadbtest for discrete
differences between continuing exporters, new egpgrforeign-owned firms and
domestically-owned never exporters, both in leasld changes in technology spending
and skill intensity. | find that, within each 4-akgIC industry, continuing exporters and
foreign-owned firms were more skill-intensive thdomestically-owned never exporters
prior to liberalization. Firms which started expogt after liberalization were not initially
more skill-intensive than never exporters, but apegd skill faster after trade
liberalization. | also find that new exporters, toning exporters and foreign-owned
firms spend 53% to 69% more in technology than dstitaly-owned never exporters
after trade liberalization, controlling for 4-digdiC industry, initial productivity and
initial size. Moreover, new exporters upgrade tedbgy faster than other firms. Finally,
| show that firms that invest more in technologgrgualing also upgrade skill faster,
where one standard deviation in the change in tdolgg spending explains 38% of the

average increase in the share of skilled labor.



The next section describes the trade and capitalumt liberalization in
Argentina. Section 1.3 describes the data settid®et.4 provides preliminary empirical
evidence on the increase in the relative demandkitir Section 1.5 develops the
theoretical model and derives the empirical préais on the effects of trade and capital
account liberalization on within firm skill and tewlogy upgrading. Section 1.6
describes the broad patterns in the data, pregentampirical strategy and tests the

predictions of the model. Section 1.7 concludes.

2. Trade and Capital Account Liberalization in Argentina
At the beginning of the 1990’s, Argentina undert@oiroad reform program that
included trade and capital account liberalizatibrade liberalization was implemented
first through unilateral policies, and was latemgemented by regional trade
liberalization through the MERCOSUR treaty, and tindtilateral negotiations of the
General Agreement on Tariffs and Trade (GATT).

Trade liberalization started as a unilateral poiic$988, as the result of
negotiations started in the context of structue&ms supported by the World Bank.
The objective of these first steps towards reforas v reduce the scope of non-tariff

barriers® which had been the main trade policy instrumerth@period 1982-1988.

®In the 1980’s, the NTB were implemented througbystem of licenses and previous authorizations that
regulated entry of all goods. The authorizationsawgrganized in four lists:
1. Prohibited imports (10% of tariff positions): sumaty consumption goods and industrial
intermediate goods produced locally.
2. Imports requiring previous authorization (40% ofspions) : capital goods and industrial
intermediate goods, in practice, authorization desied if there was local production.
3. Medical and pharmaceutical products (8% of pos#jon
4. Rest of imports: mainly products not produced lycah this case authorization was required but
given automatically.



There was also a gradual reduction in import t@fiid surtaxeSwhich implied a lower
level of protection for the intermediate and cdpjtzods industrief.

Between October 1988 and October 1991, there wieredlor revisions of tariff
and non-tariff barriers, many times related to ¢emin macroeconomic policy aimed at
controlling hyperinflation. As a result of macro@eomic and trade policy instability
during this period, trade liberalization had an aoiponly after 1991, when the
convertibility plan was launched. By October 1991 average nominal tariff was 12%,
ranging from 0% for capital goods not producediia ¢ountry to 22% for consumption
goods. Almost all import licenses and quotas vedireinated, with the exception of the
automobile industry.

After 1991 most export taxes were also eliminased in 1992 there was an
increase in tax rebates for exports, increasin@#eeage from 3.3% to 6.3% of the value
of exports. The program also included other measilnat affected trade like reforms on
customs administration and port activity, and #atroduction of the temporary
admissions regime.

MERCOSUR was established by Argentina, Brazil, aag, and Uruguay in
1991 with the Treaty of Asuncion. The agreemeniuithed the progressive elimination of
the tariff and non-tariff restrictions to the citation of merchandises, the adoption of a

common external tariff and a common trade policthwhird countries.

" In 1985 the nominal tariff average was 37%. Ptitacwas higher for final goods, around the mean fo
capital goods and lower for intermediate good®rétwas differential treatment for goods producethé
country.

8 In 1987 nominal average tariffs on capital goodsdpced in the country was 48% and 12% if not
produced in the country.



There was a transition phase between 1991 andth@94onsisted of progressive
tariff reductions aimed to achieve free trade witthie region by the end of 1994. The
Customs Union was established in 1995 with the aolof a Common External Tariff
(CET), with an average level of 11%. Tariffs varlestween 0 and 20% across industries.
Inputs and materials had the lowest tariffs, fobalby semi-finished industrial goods,
and final goods. There were exceptions to inteineal trade for a limited number of
products, and special regimes for sugar and autidesadnd some products faced tariff
rates different from the CET. As a result of theeggnent, in 1996 the import weighted
average intra-MERCOSUR tariff was 0.86% for Argeatand 0.02% for Brazil, while
the extra-zone average tariff was 13.17% and 15.de$fectively.

Trade liberalization had a strong impact on trdde$. Between 1991 and 1999
imports grew at an average rate of 13.6% per ye@deaports at an average rate of
10.5%. While imports from MERCOSUR grew at a simiie than those from the rest
of the world (14.3%) exports grew twice as much §26).

At the same time, different measures were undemtédgards capital account
liberalization. In 1989 all restrictions on entrydaexit of foreign capital were eliminated,
along with the requirement of previous authorizafior Foreign Direct Investment
(FDI). Equal treatment of foreign and national talpivas guaranteed by law. In 1991,
the Convertibility Law established a fixed paritgtiveen the peso and the dollar, and the
commitment of the Central Bank to sell and buy enicy at that parity. The plan also
authorized deposits, debt and contracts to be deradead in dollars establishing a bi-

monetary system that eliminated all restrictiongh@nuse of foreign currency.
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There was a considerable growth of FDI during tB@0ls. The stock of FDI as a
share of GDP increased from 7.7% in 1992 to 222%90B9. FDI flows to the
manufacturing sector increased from US$ 758 milpenyear in the period 1992-1993

to US$ 2,266 million in 1994-1996, and US$ 3,461liar in 1997-1999.

3. Data
The data | analyze comes from the Survey on Tedgnl Behavior of Industrial
Argentinean Firms [Encuesta sobre la Conducta Tlegita de las Empresas Industriales
Argentinas (ETIA)] conducted by the National Inst& of Census and Statistics in
Argentina (INDEC). The survey covers the period29996 and was conducted in 1997
over a representative sample of 1,639 industmialdi The sample was based on 1993
census data and covers 54% of total industriaksal@o of employment and 61% of
exports in 1996.

As the survey was conducted in 1997, it does notato information on firms
that were active in 1992 and exited afterwardecus my analysis on a balanced panel of
1,516 firms present both in 1992 and 189&e lack of information on entry and exit
poses some limitations on the analysis of reallonatacross firms and industries, but as
the balanced panel sample still represents 44%dofsitrial sales, the results can be
interpreted as highly indicative of the overalltpat of reallocations.

The initial year in the data is 1992, and the majade and capital account

liberalization measures were taken in October 1981, the data for 1992 can be a good

® The total number of firms present both in 1992 4866 is 1519, but three of them report values of
changes in skill intensity that are outliers (tlaeg from 8.26 to 11.7 standard deviations fromniean)
thus they are excluded from the analysis.

11



indication of the situation before liberalizatidiarted to have a considerable impact on
technology adoption. Between October 1988 and @ctd891 there were 11 major
revisions on trade policy and a similar numberesfisions in macroeconomic policy, as
policymakers attempted to stop hyperinflation. Ekereme instability of the previous
period brought a high degree of uncertainty on waethe reforms taken at the end of
1991 would be permanent. Then, even if liberal@astarted having an impact in 1992,
many investment decisions are very likely to hagerbdelayed until the reform was
perceived as permanefitwWhen analyzing the data, | use 1992 as an indi¢atdhe
situation before liberalization had a significamipiact, and 1993-1996 as the period after

liberalization.

3.1 Education Level of Workers

An important advantage of this survey over standaddstrial surveys and censuses is
that it contains direct information on the educadildevel of workers. Table 1.1 reports
the change in employment by educational categbeéseen 1992 and 1996. This
change is ordered by skill, with employment of eegirs growing 11% while

employment of high school and primary school wasKetl 9%.

1% For instance, FDI flows to the manufacturing seaereased from US$ 758 million per year in 1992-
1993 to US$ 2,266 million per year in 1994-1996pdmis of capital goods in the manufacturing seatso
accelerated after 1992. In 1991 they were onlghslly above the average for the period 1987- 1990,
representing 1.9% of Industrial GDP. They staitedeasing in 1992 when they became 3.2% of indstr
GDP, and continued growing to reach 4.8% in 1996.
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Tablel.1
Industrial Employment by Education

Absolute Percent

1992 1996 change change
Total employees 331,438 308,339 -23,099 -0.07
Educational categories
Engineers 8,632 9,590 958 0.11
Other college 15,626 16,251 625 0.04
Tertiary 24,226 25,816 1,590 0.07
High school + Primary school 282,954 256,682 -26,272 -0.09

Tablel1.2
Relative Employment of Skilled L abor

Absolute Percent

1992 1996 change change
College Equivalents (S) 42,893 45,699 2,806 0.07
Primary Equivalents (U) 322,526 293,471  -29,055 -0.09
Skilled / Unskilled 0.13 0.16 0.02 0.17

Note: The source of the data is ETIA balanced pah&b16 firms. In Table 1.1.2 educational
categories are weighted by the 1992 wage premiumns Galeani and Sanguinetti (2003) and
Gasparini et al (2002).

| aggregated workers into two skill categories Ittatn a measure of the
equilibrium relative demand of skilled lab&/Q):

Wcol lege

W,

tertiary

L

college + L[ertiaty

S_
U

|_ Whigschool
high school
¢ w

L

) +
primary
primary

Skilled workers § are college graduates plus tertiary educatiodugates

converted to college equivaleritsunskilled workers () are primary school graduates

M College graduates completed 5 to 6 years of eiucatfter high school, while tertiary graduates
completed 3 years of education after high school.
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plus high school graduates converted to primarpasichquivalent$? This aggregation
scheme corresponds to the situation where workighgwvgkill categories are perfect
substitutes, and is a good approximation when ldmeieity of substitution is higher
within than across categories. This seems to beagonable assumption, as the increase
in employment of college graduates and tertiarycatlan graduates increased by the
same amount (6,5 %) while employment of high sclamaol primary school workers fell
by 9%. The conversion of workers to college andhpry school equivalents was done
using the 1992 industrial sector wage prefiihen, reported changes in the relative
demand of skilled labor reflect changes in employnaad not in wages. Overall, the
relative employment of skilled labor increased @§4dlin the balanced panel of 1516
firms (Table 1.2).

This survey also classifies workers according twpction (P), non-production
(NP) and R&D occupational categories, which pernatswvestigate whether the increase
in the relative demand of skilled labor came prihgdrom reallocations from production

to non-production and R&D activities. Table 2 rapdhe skill intensity of each of these

12 The survey classifies workers according to edunatiat although it distinguishes between engineers,
other college and tertiary degrees it does noingjstsh within the categories of high school gradeand
primary school graduates. These last two categaregooled together for non-production and R&D
workers and are divided into “skilled and specidizand “unskilled” for production workers. As &tie
analysis in this paper is performed pooling highost and primary school workers into the unskillablor
category this does not present inconveniencespéxiaat it affects the weighting of these typesvofkers
to convert them in primary school equivalents. this purpose workers have been assigned into one of
these categories by assuming that the overall siidnigh school and primary school workers is thms
as the one reported in the next wave of this su(¥898-2001) that does differentiate between these
educational categories. Then, workers reportedgisgthool or primary school workers in non-prodtuet
and R&D are assigned in a fraction 0.46 to higlosthyraduates. For production workers, “skilled and
specialized” workers are also assigned in a fradlid6 to high school graduates while “unskilled”
workers are assigned to primary school graduatisrrative assignments or measures of the relative
employment of skilled workers unweighted by skikmiums give similar results to the ones reported.

13 Estimated by mincerian equations from Householv&udata in Galeani and Sanguinetti (2003) and
Gasparini et al. (2002).
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activities: non-production is around 3 times mdad-ntensive than production, and
R&D around 15 times more skill-intensive than praiitan. This pattern is consistent
with the findings in Berman, Bound and Griliche844) for the U.S. regarding the
higher educational level of non-production relativgoroduction workers. Most
empirical studies with industry data use productiamnkers as a proxy for unskilled
labor, and non-production workers as a proxy fatesklabor, given that the P/NP
classification is the only one available in stadadustry surveys and censuses. These
studies capture primarily the reallocations froraduction to non-production labor, but
miss skill upgrading within occupational categoyi@s | show in the next section.

Table2
Relative Employment of Skilled Labor by Occupational Category

Absolute Percent

1992 1996 change change
Skilled /Unskilled
Total 0.13 0.16 0.02 0.17
Production 0.09 0.10 0.01 0.15
Nonproduction 0.26 0.31 0.04 0.15
R&D 1.33 1.49 0.16 0.12

Note: The source of the data is ETIA balanced pah&b16 firms. Educational categories are
weighted by 1992 wage premiums from Galeani andy@aetti (2003) and Gasparini et al (2002).

1.3.2 Spending on Technology
The survey contains information on several dimemsiaf spending on technology
upgrading. Firms upgrade technology by performiagous innovation activities like
internal R&D, paying for technology transfers anibng capital goods that embody new
technologies; and with different purposes like ciag production processes, products,
organizational forms or commercialization.

| construct a measure of spending on technology (&t includes these different

dimensions: spending on computers and softwarenpais for technology transfers and
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patents; and spending on equipment, materialsabuat related to innovation activities
performed within the firnt?

The survey contains information on ST for all yaarthe period 1992-1996,
while information on all the rest of the variab(eales, exports, imports, employment by

education, investment) is only available for thargel992 and 1996.

1.4 Preliminary Evidence: Skill Premia and the Relative Demand for Skill
1.4.1 &ill Premia
Skill premia started growing in the 1990’s afteving been stable during the 1980’s.
Gasparini et al. (2002) report wage-premia estimxttem mincerian regressions using
Household Survey data. They find that the colleggevpremium (the wage of college
graduates relative to the wage of primary schoatigates) rose 19.4% between 1992 and
1998, after falling 3.7% between 1986 and 1992.Aigk school wage premium rose
much less (4.8%), and had been constant duringréhaous period. Estimates for the
industrial sector in Galeani et al. (2003) indicdiat the college wage premium increased
7 percentage points per year during the 1990’sr atting stable in the 1980’s. They do
not find any significant trend for the high schaage premium.

The coincidence of rising skill premia and incregsielative employment of
skilled workers in the period 1992-1996 indicatest there must have been an outwards
shift in the relative demand of skilled labor aftiexde liberalization. As the survey does

not include information on wages, in the remainfghis section | analyze the increase

14 | ike R&D, adaptation of new products or productiprocesses, technical assistance for production,
engineering and industrial design, organization @mmercialization
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in the equilibrium relative demand for skilled lao the industrial sector, measured as

the relative employment of skilled and unskilledriers.

1.4.2 Decompositions of the Change in the Relative Demand for Skilled Labor
The increase in the aggregate relative demandkitbed labor could be mainly driven by
product demand reallocations towards skill-inteasectors or activities, holding skill
intensity within activities constant, or by increasn skill intensity within activities,
holding product demand constant. Assessing thévelanportance of these two
channels is a necessary step in the investigafidmeacauses of the increase in the
aggregate demand for skill. Product demand redimtscan be driven directly by trade
or changes in demand for goods, while within agtiincreases in skill intensity point
towards changes in technology, leading to a diffeassessment of the role of trade
through this channel. | perform three different@®positions of the increase in the
aggregate demand of skilled labor: first betweesh\aithin occupational categories (P,
NP and R&D); second within and between sectorsd thithin and between firms.

To assess the importance of skill upgrading witlgoupational categories
relative to reallocations from production to noonguction and R&D, | perform the

following decomposition of the change in skill inggty from 1992 to 1996:

o{3)-2(3) G, 25 43,

where ¢ = P, NP, R&D{U /U ) is the share of unskilled workers employed in

category c;(S/U) is skill intensity in category c; a bar over anedenotes a mean over

C

time (1992 and 1996) and\sbefore a term denotes a change over time (fron2 199
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1996). The first term on the right reports the @eam aggregate skill intensity
attributable to shifts in employment shares betwamupational categories holding skill
intensity within categories constant. The seconoh teeports the change in aggregate
skill intensity attributable to changes in skiltensity within each occupational category.
Table 3 reports the between and within decompaositad the aggregate increase
in skill intensity in the period 1992-1996. Of thé percentage point increase, only 2
points are explained by reallocations from producto non-production and R&D
occupational categories, and 15 points correspos#iil upgrading within categories, of
which 7.5 points correspond to production and ®i@fs to non-production. That most
skill upgrading occurs within occupational categersuggests that studies that use
variation between these categories as proxiekitbupgrading might be missing an
important part of it. In addition, it points towardhanges in the production function
within occupational categories, favoring the tedbgmal change over other explanations
for skill upgrading that rely on reallocations @&rmdand towards skill-intensive non-
production activities due to outsourcing of produtactivities or the increasing
importance of services over goods.
Table3
Decomposition of the Variation in the Relative Employment

of Skilled Labor by Occupational Category
Percent Changes

Production Non Production R&D Total
Variation Within 0.075 0.066 0.007 0.15
Variation Between -0.007 0.021 0.009 0.02
Total 0.17

Note: The source of the data is ETIA balanced pah&b16 firms. Educational categories are weidhte
by 1992 wage premiums from Galeani and Sangui(303) and Gasparini et al (2002).
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The relative importance of technological changeswgmproduct demand
reallocations can also be assessed by decompbsraggregate increase in skill
intensity in changes within and across industiiethe increase in the relative demand of
skilled labor comes from trade, holding technolagystant, there would be no change in
skill intensity within sectors, but reallocationfslabor towards skill-intensive sectors. In

this case the decomposition is:

o{2)-s ) (2] 5% 4S)

where j = industry at 4-digit-SIC classification.

Table 4 reports the between and within industryodgmositions of the aggregate
increase in skill intensity in the period 1992-1988 the 17 percentage points increase
is explained by within-industry skill upgradingetbetween component being small and
negative. Moreover, all of it is explained by skifggrading within firms. There is one
important caveat to take into account for intergien of this evidence: the sample |
analyze does not contain entry and exit, thuseh#acations across sectors and firms
that occur through entry and exit are missed isdtmlculations. Still, as the balanced
panel represents 44% of industrial output, thislence points towards the relative
importance of skill upgrading within sectors anuins as a source of the overall increase

in the relative demand of skilled labor and thél gkemium.
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Table4

Decomposition of the Variation in the Relative Employment
of Skilled Labor by Sectorsand Firms

Percent Changes

Total Between Within
Industries at 2-digit-SIC 0.173 -0.001 0.175
Industries at 4-digit-SIC 0.173 -0.011 0.185
Firms 0.180 -0.025 0.204

Note: The source of the data is ETIA balanced pah&b16 firms. Educational categories are weidhte
by 1992 wage premiums from Galeani and Sangui(#263) and Gasparini et al (2002). Firm
decompositions exclude 7 firms with zero unskileatkers

That most skill upgrading occurred within 4-digit€Sndustries is consistent with
the findings in Berman, Bound and Griliches (19f4)the U.S. and the difficulties for
identifying a significant effect of trade on thalgremium through variation across
sectors in Argentina (Galeani and Sanguinetti (2088d Colombia (Attanasio et al.
(2002)). This evidence points towards technologyraging within sectors and firms as
the main cause of the increase in the relative ddnoéskilled labor. Thus, the next
sections focus on investigating the effects ofdrad technology adoption, and its effects

on skill upgrading through that particular channel.

5 Theoretical Framework

The decompositions of the increase in the relatem@and of skilled labor reported in last
section point towards technology upgrading withenters and firms being the main
cause of the increase in the aggregate relativadérf skilled labor. This section
develops a simple model to illustrate the linksnsetn trade, capital account
liberalization and technology adoption, focusingvathin-sector firm heterogeneity

rather than differences in skill intensity acrossters.
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The setup of the model incorporates increasingmstto scale and monopolistic
competition as in Krugman (1979, 1980); heterogaadimms as in Melitz (2003); and
endogenous technology choice as in Yeaple (200%.rMain purpose of the model is to
illustrate the effects of trade and capital accdibetralization on the exporting and
technology adoption decisions of firms, focusingarticular on how differences in
initial productivity determine heterogeneous regssfor continuing exporters, new
exporters and never exporters, providing thus sldasthe empirical identification of
the effects of trade on technology adoption antl sggrading.

The model is partial equilibrium in the sense thdescribes a single industry that
is assumed small enough not to affect equilibrivag®s. The exposition starts by
describing the setup of the model and analyzingtb&t maximizing exporting and
technology choice of firms with different producdtwlevels. | then derive comparative
static implications for reductions in exporting toand in the cost of adopting new
technologies, and finally relate these predictimnghe observable variables in the data.

The analysis is limited in the following ways: firsassume that the home
country is small enough not to affect the pricesixth the foreign country; second, |
abstract from entry and exit, as the model onlgnds to describe the within firm effects
of trade and capital account liberalization; tHiab not solve for the home industry
equilibrium price, abstracting from the effectsaraport tariff reductions on the home

price, and the effects of technology upgradingarhdstic firms.
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5.1 Setup of the Model
Demand
There is a representative consumer with CES predeseover a continuum of varieties of

good q.

P
U {Iq(l)"dl} ,  0O0<p<1
0
Consumers maximize utility subject to the budgetstraint

[ p(i)a()di = E

Demand for a particular varietys: q(i) = %[

wj
P

1

N 1o
whereo=1/(1-p) > 1 is the constant elasticity of substitution dhet D p(i)l‘”di} :
0

Supply

The supply side is characterized by monopolistimpetition. Each variety is produced
by a single firm, and there is free entry into ith@ustry. As in Yeaple (2005) firms can
choose to produce with two different technolodg#eandL that feature a constant
marginal cost@) and a fixed cosf). Acquisition of technologid requires a higher fixed
cost in terms of payments for technology adoptiot eapital goods that embody new
technologiesf(; > f,), but guarantees a lower marginal cast< c_). Marginal costs are
constant and reflect wage payments to two typdsbair: skilled § and unskilledQ),

employed in fixed proportions. Technolokyis more skill-intensive than technolofy
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As in Melitz (2003) firms are heterogeneous inttipeoductivity, in the sense that
marginal labor cost varies across firms utilizing same technology. This idiosyncratic
component of labor productivity is indexedgoyMore productive firms need to hire
fewer workers to attain the same level of outpatdimg technology constant.

The total cost function for technologyis:
TC, (¢) = fT+cT% T=H,L
where:
c =a,+ 5q
L LU W LS
c,=a,+ 54
H HU W HS

aHS > a'LS

aHU a'LU

5.2 Firm Profit Maximization: Technology Adoption and Export Decisions

Profitsin the Domestic Market
With CES preferences, the profit maximizing priseiconstant mark-up over marginal

cost, then a firm with productivity using technologyl charges the following price in
the domestic marketp] (¢) :1& for T =H,L. Quantity sold, revenues and profits
Yo,

are:
HOE EP”'l(pﬁj
c

'] (4) = pL (@), (9) = E( Ppgj
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715 () __rd (@) - f;

Profitsin the Export Market

As in Melitz (2003) there are two types of tradetfons: a per-unit iceberg cost, so thrat

units need to be shipped per unit sold abroad andital fixed cost, to start exporting.
Exporting profits are:

-1 — l

72 (#)=1E (P o) =6, 97"~ 1

X

whereE™ andP are spending on goapand the price index in the foreign country, &nd
is the amortized per-period portion of the inigajporting cost.
Technology Adoption and Exporting decisions
Each firm has four options:
1. Use technologl and serve only the domestic market
2. Use technologl and export
3. Use technologi and serve only the domestic market
4. Use technologif and export.
The associated profit levels are:

_11

75 (#) = E(Pp)"™ =" 7¢ " — .

(@) =[rE (F’*,O)"‘l + E(Pp)”_l]% c gt - f - f

X

011

13 (§) =E(Pp)" " =c, 797 - 1,

7 @)=l 1"’E’*(F’*p)"‘1 +E(Po)] % Gy P f

X

To solve for the profit maximizing exporting an@heology choice for each

productivity level, | decompose the profit functsomto four components:
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1. Profits from serving the domestic market usimglbw technologyrz; (¢) .
2. The increase in revenues from exporting usieddtv technology:

-0 r—* * o- 1 —0 10—
dry(¢) =77E (P p) 15cf ¢

3. The increase in revenues from domestic sales ws¥wéching to the high

technology:

i (9) = E(PP) (6,7~ o

4. The increase in revenues from exporting salesnvelwitching to the high

technology:
i (9) =7 (P ) (6, =6, Jp
o

The profit functions can then be written in ternishese four components:

715 ($) = 114 ()

71, (¢) = 115 () + drs (9) — 1,

7 () = 715 (#) +drg™ (#) = (F,, = fL)

7 (§) = 115 (#) + drg (@) + drg" (@) +dr, ™ () = £, = (f,, = 1)

Proposition 1: If a firmfinds exporting profitable under technology L, then that

firm also finds exporting profitable under technology H:
7, (¢) > 11 (§) = 7 ($) > 11 ().

This is true because high-tech firms sell at a loprece, and thus have higher

revenues from exporting than low-tech firms:

7 ($) > 114 (§) = dry (#) - £, >0
7 ()~ 11 (¢) = drg (§) +dr, " (§) - f, > drg (#) - f, >0
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From comparison ofz (¢ jand 7z; (¢ )one can define the cutoff productivity

levelgy, :

1

o-1

5($) > 755(9) = ¢ > g, = {T‘Hé(P*,O)l_”U CLfo}

Proposition 1 implies that all firms witi > ¢> export, regardless of technology

choice.
Proposition 2: If a firm does not find technology H profitable when exporting,

that firm does not find technology H profitable when only serving the domestic market:
7, (9) > 11 (P) = 714 ($) > 71 (B)

This is true because, when a firm is exporting rédiction in marginal costs
derived from adoption of technolod/increases both revenues from domestic sales and
from exporting while it only increases domesticewues if the firm is only serving the

domestic market:

7, (¢) > 1 (P) = drg™ (§) +dr, ™ (#) - (f, — ) <0=
75 (§) = 5 (#) = drg" (#) = (f, = 1) <O

From comparison ofz’ (¢ jRndrz (¢ Jone can define the cutoff productivity

levelg:" :

1

LH — ), U(fH_fL) _, \ oL
”:j (¢) >77f<_(¢) < ¢>¢x —{[Tl_gE*(P*p)g_l_'_ E(P,O)g_lJ(CHl_U —CLl_U)}

Proposition 2 implies that all firms withh < ¢ use technology, regardless of

exporting status.
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Finally the least productive firms do not find rofitable to adopt any of the two

technologies and | assume they exit. As lonfy sssmall enough relative fQ andfy, the

minimum productivity observed g defined by

1

o-1

1 ($)>0 < $>¢; =E(P,0)l_”0CL”‘1fL}

Exporting and Technology Adoption Thresholds

There are two possible configurations for the tebdbgy and exporting status decisions:

g5 <gand g <@y . In the first case:

- Firms with ¢; <@ <@~ only serve the domestic market and use the low
technology.

- Firms with ¢: <@ <¢-" export and use the low technology.

- Firms with ¢-" <¢ export and use the high technology.

In this case there are no firms using the highrieldgy and serving only the
domestic market.

In the second cas@f" < ¢. ) all exporters use the high technology. The
technology and exporting choices in this case aatyaed in Appendix A. | do not focus
on this case here as | observe exporters thatiedew technology both in 1992 and
1996 in the data.

The condition forgy, <. is:

L LH o1 B Pioa|fCL 0—1_ (fH _fL)
P <P = {1‘” F(F) }[(aj 1}< :

X
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The fixed cost of technology adoption must be lgugh relative to the fixed

exporting cost for there to be exporters usingdletechnology.
As in the next subsection | only analyze the calsereg; <¢-" , | rename those

productivity thresholds to simplify notation:

- The productivity threshold for exporting to befitrable for firms using the low

technology @, ) is@, .
- The productivity threshold for adoption of teckogy H to be profitable for

exporters ¢-" ) isg@,, .

5.3 Trade and Capital Account Liberalization
This section describes the effects of trade andatagrcount liberalization on the
exporting and technology adoption decisions. Inipalar, | analyze the effects of a
reduction in exporting and technology adoption s@st the productivity thresholds
and @y.
Reduction in exporting costs
A reduction in exporting costs can occur becausev#iiable exporting cost)(or the
fixed exporting costf{) has fallen. | concentrate on the case where hMariexporting
costs fall, as there is direct evidence that ttdmalization reduced variable export
costs, not fixed export costs. The predictionsvary similar in the case where the fixed
costs fall.

A reduction in7 increases exporting revenues, thus more firmsifiptbfitable to
pay the fixed costs of entering the export market more exporters find it profitable to

pay the fixed cost of adoption of technolddy
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Proposition 3: A reduction in variable export costs (7) induces more firms to
enter the export market.

This can be seen in a reduction of the cugpff

-1

e G RC A

or
Proposition 4: A reduction in variable export costs (7) induces more exportersto
adopt technology H.

This results from a reduction in the cutgff:

1
- -1 o
6¢H - J]-(_E-H f]l.__)a [Tl—JE* (P*p)a'—l + E(Pp)a'—l]ﬁr—a' E* (P*p)U—l >0
or |c, ~-c

Reduction in the cost of adopting new technologies

The cost of adopting technology if this technology is designed in developed caest

and thus must be imported, is affected by impaiffsaon capital goods that embody new

technologies and taxes on payments for interndtiecanology transferszg). In
addition, if investment in new technologies mustimede one period before collecting
revenues, part of the cost of adoption is givetheyinterest rateR). Thus, if F, is the
cost of technolog¥ in terms of capital goods and payments for teatgpptransfers, the

cost of adoption i$,, = (1+ R)r,, F,, . Then a reduction of tariffs on imported capital

goods and taxes on technology transfes$ leduces the cost of adoption. In addition,

capital account liberalization in a capital scatoantry reduces the interest rate, further

reducing the cost of adoption.
Proposition 5: A reduction in fy induces more exporters to adopt technology H.

This results from a reduction in the cutgif :
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g
-1 >0

1

= {[Tl_a E* (P* p)g—l + E(Pp)a—l](CH l1-o _CLl—g )}0’—1

The effects of liberalization on within firm exporting and technology adoption decisions
The precise predictions of the model in terms eféffects of trade and capital account
liberalization on the technology adoption decisiohsever exporters, new exporters and
continuing exporters depend on the ordering ofstoéds before and after liberalization.
Next | analyze all the possible ordering of thrddhdo identify which one is consistent
with the broad patterns in the data, and then dehe predictions of the model for that
case.

There are three possible ordering of thresholdsrbeff = 0) and aftert(= 1)

trade and capital account liberalization:
1@y <@y <Pr <P, <.
In this case firms with:

-¢, <@ < ¢ :remain serving only the domestic market and useehriologyL..
- ¢, <@ < ¢y, : start exporting and remain using technolagy

-¢., <@ <¢?: start exporting and switch to technoldgy

-@2 < ¢ <@ : continue exporting and switch to technoldgy

- @5 <¢: continue exporting and using technolddy

2.y <Py <P <& <P
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In this case all new exporters remain using teamol.. In the next section of the
paper | show that this case is not consistent witht | observe in the data, as some new
exporters adopt technolod;

3. 9y <Py <P, <P <Py

In this case there would be no new exporters usicignologyL after
liberalization, but | do observe new exporters gshe low technology, thus this case is
not consistent with the data either.

The condition to obtain case 1 is that the redudiathe cost of adopting

technologyH and in the variable exporting cost are big:

b <Pu <4<y -

[1+(r1)"'l§(§)”‘1}[(§:] —1]< fo‘fo <[1+(,o)0-1:*(p)0_1}[[§: ] _1}< fo—fo

5.4 Model Predictions on Technology Spending and Skill Upgrading

1. The level of spending on technology after libeiaiian isf,_ for firms in the
rangep < ¢, : never exporters and the least productive new ieys fy for
firms in the rangep;, <¢ : the most productive new exporters and all coiiigu

exporters.

2. The change in spending on technology after libeasibn is: zero for firms in

the rangeg < ¢r, : never exporters and the least productive new e i - i
for firms in the rangep;, < ¢ < ¢, : the most productive new exporters and the

least productive continuing exporters; zero fanf in the range’ < ¢ : the

most productive continuing exporters.
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3. The level of skill intensity before liberalizatiagi 2s for firms in the range
Ay

@ < $J : non exporters, new exporters and the least ptagucontinuing

exporters;@s for firms in the rangep’ < ¢ : the most productive continuing
aHU

exporters.

4. The change in skill intensity is: zero for firmsthe range < g7, : non exporters

and the least productive new exportefs; — &s for firms in the
Gy Ay

rangep;, <¢ <@, : the most productive new exporters and the leastyztive

continuing exporters; zero for firms in the ragge< ¢ : the most productive

continuing exporters.
5. Skill upgrading is caused by technology upgradihgn firms that upgrade

technology also increase their skill intensity.

6 Empirics
In this section | try to identify the effects o&tte and capital account liberalization on
technology adoption and skill upgrading within fgnAs liberalization affects all firms
and sectors in the economy, the identificationtsgyis based on the heterogeneous
responses of firms of different initial productivievels, as predicted by the model
presented in the previous section.

First | describe broad patterns in the data aratee¢hem to the claim in the
theoretical section that there was only one ordgeoincutoffs consistent with these

patterns. Second, | report evidence on financingstraints that implies that the optimal
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technology choices predicted in the previous sadi@ unattainable for small and
domestically-owned firms, suggesting a role for BDth as a control and as an
additional measure of the effects of capital actdiberalization on skill and technology
upgrading. Finally, | discuss the empirical strgtegd conduct empirical tests of the 5

predictions derived form the model.

6.1 Broad Patternsin the Data: Exporter Premia

According to the model in the previous sectionrelghould be systematic differences in
productivity, size, spending on technology andl sikiensity, between continuing
exporters, new exporters and non exporters.

In the model heterogeneity is given by labor prdigity holding technology
constant §), which is not observable in the data. As a primxyproductivity @) | use
initial labor productivity defined as sales divideg employment in primary school
equivalents in 1992rtiv).'° This proxy also incorporates initial differencaschoice
variables like capital stock per worker and tecbgg| which | do not observe in the data,
but these are expected to be positively correlaiddidiosyncratic productivity
differences @), so that the ordering of firms is preservedhy proxy. As measures for

firm size | use employment, employment in primackiol equivalents and sales. Skill

'3 value added would be a better measure than dalést is not available in the data. As differendes
productivity are always computed relative to thdidit-SIC industry average, if firms within eactdimstry
have a similar value added over sales ratio, theroof productivity would be similar using salesvatue
added in the productivity measure. Employment inmpry school equivalents is computed as:

L=§ (Ws/Wu)1992+Ut where t=1992, 1996. Labor productivity is computesi sales divided by

employment in primary school equivalents rathenthenployment per worker as it intends to be a proxy
the for idiosyncratic component of labor produdtivip) and thus should not include differences in
productivity due to differences in skill.
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intensity is measured as the share of skilled labemployment in primary school

equivalents:

(5) = S (Ws/ W, )1992
coS

L (Ws / Wu )1992 + U t

wheret = 1992 , 1996. As skilled labor is weighted by skél premium in 1992,
changes in this share only reflect changes in diesof skilled and unskilled labor, and
not changes in the skill premium.

Table 5 reports the differences between firms élabrted both in 1992 and 1996
(continuing exporters), firms that exported in 1226 not in 1992 (new exporters), and
firms that only serve the domestic market (non etgws). The continuing exporter and
new exporter premia are estimated from a regresditme form

InY; =a +ae NE; +a: EE; +ag EN; +1, +¢;
wherei indexes firmsj indexes industries (4-digit-SIC classificatioNE are new
exportersEE are continuing exporterEN are firms that exported in 1992 but didn’t in
1996° and the reference category relative to which tifiees are estimated is non-
exportersj; are industry dummies, antiis the firm characteristic for which the premia
are estimated. Firm characteristics include lalodpctivity, size, the share of skilled
labor; and spending on technology per worker.

Exporter premia in size and productivity are pesitand significant at 1% both in
1992 and 1996, and bigger for continuing exportieas for new exporters. This pattern

is consistent with the model, as continuing expserége more productive thus bigger than

'8 Only 28 out of 1516 firms are in this categorystfit is hard to interpret the coefficients on tisup,
specially because some of the zeros for 1996 dmeiidhputed. | only include them as a control group.
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new exporters, which in turn are more productivathon-exporters, both initially and
after liberalization.

In the theoretical section | mentioned that theas wnly one ordering of cutoffs
prior to liberalization that was consistent witle thata ¢; <#." ). In that ordering, only

continuing exporters were using the high technologfpre liberalization. This is the
only case consistent with the following patterngxporter premia: first, spending on
technology per worker is 37% higher for continuexgporters in 1992 and their share of
skilled labor is 6.5 percentage points higher ttet of non exporters (41% higher than
the overall average share of skilled labor); sec@inds that would start exporting after
1992 do not invest more in technology that yead, their skill intensity is only 1.9
percentage points higher than that of non expgrtieesdifference being significant only
at 10% level.

Additionally, | mentioned that there was only ondearing of cutoffs before and
after liberalization that was consistent with tieead g, < ¢. < @1, <@° <@; . In this case,

only the most productive new exporters would updatbnology, which is consistent
with average skill intensity and spending on te¢bgyp for new exporters being higher
than for non-exporters, but lower than for continguexporters in 1996. Also, the least
productive continuing exporters would update teébgy which is consistent with the
share of skilled labor and spending on technologyeasing in 1996 for always

exporters.’

Y There were two other possible orderings of cutoffs the second one, all new exporters would remai
using technology L after liberalization, which istrtonsistent with the share of skilled labor apdrgling
on technology per worker being higher for new egrsrthan for non-exporters in 1996; In the thirg,0
all new exporters would use technology H afterriltieation, which is not consistent with spending o
technology per worker the average share of skibdr being lower for new exporters than for cowitig
exporters.
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6.2 Broad Patternsin the Data: Evidence on Financial Underdevel opment

The survey also contains information on the saiofdinancing technology spending
that can be used to qualify and extend the prexfistof the model regarding optimal
technology choice. Access to credit is particulamyortant in the presence of fixed costs
of technology adoption, as the finance needs ofdiwould be high relative to their cash
flow in this case. If firms are credit constrainadhe sense that there is a collateral
requirement to receive a loan, bigger firms wowddfit more from the reduction in the
cost of adopting new technologies, as bigger fianesmore likely to be above the
collateral threshold required to finance the fixedts of technology adoption, or can
finance it with current profits. Foreign-owned fsrwould also be at an advantage as
they can obtain funds from their parent firms ine@leped capital markets.

Table 6.1 reports the sources of financing teclmogpending. On average, firms
finance 60% of their spending with own funds, whstiygests that financial markets are
underdeveloped.

Table 6.2 reports the coefficients of a regressiathe form:

Y; =a +aeNE; +aEE; +ag EN; +a,FO, + SlogL; +ylogPtiv; +1; +¢;
wherei indexes firmsj indexes 4-digit-SIC industriefO is an indicator variable
for foreign ownershipl. is a measure of firm size given by employmentrimpry
school equivalent$tiv is labor productivity]; are industry dummies andis the share
of technology spending financed by each particstbaurce. Size has a positive and
significant effect on the share financed by privadaeks, as predicted by standard credit

constraint models. Additionally, foreign-owned fgrfinance 13% more of their spending
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with funds from the parent firm, and 12% less vatin funds, which is consistent with
them being less affected by the lack of developréhdcal financial markets than
domestically-owned firms.

This evidence on financial underdevelopment suggest there might be a
differential effect of trade and capital accoubelialization on technology and skill
upgrading for foreign-owned firms, as they woulddadetter access to funds to finance
technology upgrading. In addition, as capital actdiberalization included the
deregulation of FDI, this evidence suggests anteaiail effect of capital account
liberalization on technology and skill upgradinigrdugh increased FDI that would allow
otherwise credit constrained firms to choose teldgyoptimally.

Finally, it is interesting to note that new exposténance 13% less of their
spending with own funds, which is consistent vifttm being the group of firms

adopting the new technology, as predicted by thdehio the last section.
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6.3 Econometric Strategy

When taking the model predictions to the datast ter within sector discrete differences

between new exporters, continuing exporters, foreigned firms and domestically-

owned non exporters, both in levels and changéscimology spending and skill

intensity. In this section | test the following étheoretical predictions:

1.

The level of technology spending after liberaliaatis discretely higher
for firms in the upper range of the productivitgtiibution: the most
productive new exporters and all continuing expsrte

The change in technology spending after liberabrahas an inverted
U shape, being discretely higher for firms in thieldle range of the
productivity distribution, as those are switchingéchnology H: the
most productive new exporters and the least progeicontinuing
exporters.

The level of skill intensity before liberalizatiam discretely higher for
firms that had already adopted technology H: thetrpooductive
continuing exporters.

The change in skill intensity after liberalizatibas an inverted U shape,
being discretely higher for firms in the middle garof the productivity
distribution: the most productive new exporters Hralleast productive
continuing exporters.

Skill upgrading is caused by technology upgradihgn firms that

upgrade technology faster also upgrade skill faster

40



Prediction 1: Level of Spending on Technology in the Period 1993-1996
| estimate differences in the level of technologgrsding through the following
regression:

log(ST),; =a +a\eNE; +aEE; +ag EN; +a,FO,

+ 3 logL, +,32(Iog L, )2 +,33(Iog L, )3 +ylogPtiv, +1, +¢ 1)

The LHS variable is spending on technolo§Y)(in the period after trade
liberalization (1993-1996), that would be a meagarehe per-period portion of
spending required to maintain or adopt a givenneldygy (4, fL).

The measure of technology spending includes sederansions, some of which
can be thought of as a variable cost (spendingeosopal computers), and some that
have the characteristics of a fixed cost (spendimgomputerized control production
systems, patents). The presence of fixed codechhology adoption implies that firms

using the high technology have a discrete incregasschnology spending. In the model,

technology spending after liberalizatiorfiior firms in the range < ¢;, , andfy for

firms in the range;, < ¢, then the relationship between technology spenaimthinitial

productivity is discontinuous. Initial productiyitvould still have a positive linear effect
on technology spending if part of it was a variatuet.

Then, | try to identify the differences in techngyochoice across firms by
looking for discrete differences in technology siieg for the firms that are predicted to
use technologid in the model: new exporters and continuing expsrtas these are
bigger and more productive than non-exportersntrob for initial productivity and size,

to make sure | am capturing the effect of exportinghe technology adoption decision,
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and not the direct effects of initial heterogeneitgiso control for 4-digit-SIC industry
dummies, to make sure | am capturing differencasedrby heterogeneous responses of
firms to trade liberalization, and not by otherfeliénces like the speed of technological
change in exporting sectors.

| include size as a control, as this variable isalated with exporting status and
there are several reasons for size to have a diffiadt on technology spending. First,
initial productivity (@) is also correlated with firm size, thus the lang component of
productivity and past productivity shocks mightdegter captured by size than by current
labor productivity. Second, other determinantsioé svould affect technology spending
directly if part of it is a variable cost. Finallhe evidence on credit constraints in the last
section suggests that bigger firms are more likelye above the collateral threshold
required to pay the fixed costs of technology aoptThe measure of initial firm size |
use is employment in primary school equivalent$982 (), so that it is complementary
with the productivity measuréi{iv).

Finally, another firm characteristic that is coateld with exporting status and can
have a direct effect on technology adoption isipr@wnership. That foreign-owned
firms finance their investment in technology witinéls from their parental firm implies
that they can take advantage of the fall in theé cbadoption better than credit
constrained domestically-owned firms.

As 256 of the 1511 firm& have zero spending on technology in the perio8199

1996, OLS estimation of equation (1) can only bé€gomed in the sample of firms with

18 The analysis below is performed on a sample oL ¥Bfns as 4 firms in the balanced panel of 1516
firms have no information of foreign ownership.
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positive ST, thus to correct for sample selectlalso estimate it using Heckman'’s
selection model.
The selection equation is:

ST, =1[a + a\eNE; +aEE; +a EN; +a,FO,
+ B logL; +ylogPtiv; +1, +v; >0]

(2)

Selection comes from the existence of fixed costeahnology adoption, and
thus a nonlinear effect of size on technology spend-rom the point of view of small
firms, buying personal computers and softwarefigead technology adoption cost that
they can't finance, even if they found it profitalib adopt those technologies. Thus firm
size is expected to have a positive effect on xtensive margin of technology adoption.
For medium-small firms that have already adoptedéhtechnologies, increases in firm
size does not have an effect on technology spendirtigafter firms have grown enough,
size has a positive effect again, as computersaftdare become variable costs for
bigger firms.

The procedure to estimate the coefficients in @aqodfl) then follows two steps:
first, obtaining the Probit estimates of the cagdiints in the selection equation (2) using
the full sample, second using those estimated ictaits to obtain the selection
correction term (inverse Mills ratio) and finallgtenating equation (1) plus the selection
correction term. As there are no additional vagabh the selection equation, the
coefficients in equation (1) are identified dughe nonlinearity of the correction term.

Table 7 reports the estimated coefficients for &#qung1). Column 1 reports the
OLS coefficients (OLS 1) for the sample with posstspending on technology and
column 2 reports the Heckman Selection Model coieffits (Heckman 1). Column 6

reports the coefficients in the selection equaf)n The results indicate that there is no
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selection bias, as the hypothesis of zero coroeldietweerg andv can’t be rejected,
thus the OLS and Heckman Selection Model coeffisi@amd their standard errors are
very similar. | then describe the OLS results.

New exporters and continuing exporters spend 66868806 more in technology
than domestically-owned non-exporters. This digcdifference in technology spending,
after controlling for size and productivity, is cstent with the existence of fixed costs
of technology adoption that only exporters findffiedole to pay, as predicted by the
model.

Foreign-owned firms spend 70% more in technolodyictvis consistent with the
existence of fixed costs of technology adoptionpted with credit constraints, as some
domestically-owned firms would find it profitable tipgrade technology but would be
prevented to do so by credit constraints.

Productivity also has a positive effect on techggladoption, as expected. The
effect of size is nonlinear, the results point taygaa big effect of size on the extensive
margin decision to spend a positive amount on telcyy, but its effect on the intensive
margin becomes weaker for small-medium size firm$ stronger for medium-big firms.

The rest of the columns report OLS and HeckmancBeteModel coefficients
for different degree polynomials in size, the cmééhts on exporting status and foreign

ownership are very similar and significant at 1%linspecifications.
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Prediction 2: Changes in Technology Spending
The model predicts that the most productive firm&eeng the export market upgrade
technology, and only the least productive contigwerporters upgrade technology, as the
most productive ones would have already adoptedfdre liberalization. As initial
technology is not observed, | use the change imi@ogy spending after liberalization as
a measure of technology upgrade.

The resulting specification is:

109 STjjg6.45 =109 ST, = @ + e NE; + @ EE; + 0 EN; +a,FO, 3)
+Blogl; +ylogPtiy; +1; +¢;

The LHS variable is the change in technology spemditer liberalization, that is
the difference between average spending on thep&893-1996T;; 0.03 ) and
spending on 1992;9). This specification intends to capture the changechnology,
which is expected to be discretely higher for fiinat switched from the low to the high
technology, such as new exporters and low proditizttontinuing exporters.

This regression can only be run on a sub-sampiiena$ that have positive ST in
both sub-periods, 973 out of the 1256 that hadtipestT on the period 1993-1996 and
the total of 1511 firms.

Table 8 reports coefficients for equation (3) eatial by OLS. New exporters are
the only group for which there is a differentiatiease in spending on technology after
trade liberalization, and this is the group tlsagwitching from the low to the high
technology in the model, the estimated differescé3% and significant at 1%. The
control for initial heterogeneity (labor productii is not significant because the
regression is run in differences of logs, thugahinultiplicative heterogeneity is not

omitted from the regression. When the controlssfoe and productivity are omitted, the
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coefficient on continuing exporters becomes sigariit at 10%, and it is half the one for
new exporters. This is consistent with the predicthat the least productive continuing
exporters would switch to the high technology. Thefficient on foreign-owned firms
also becomes significant at 5% when the contr@aritted.

Table8

Test of Prediction 2: Changesin Technology Spending
LHS variable: LOg SEEgge_lggg) LOg ST(1992)

1 2
New Exporters 0.427 0.479
[0.123]*** [0.120]***
Continuing Exporters 0.114 0.212
[0.119] [0.110]*
Stopped Exporting -0.172 -0.112
[0.338] [0.339]
Foreign Owned 0.147 0.215
[0.107] [0.099]**
Log(Employmentisg,) 0.097
[0.044]**
Log(Productivityggy) -0.005
[0.062]
Constant -0.216 0.192
[0.332] [0.078]**
Industry dummies Yes Yes
Observations 973 973
R-squared 0.16 0.16

Robust standard errors in brackets. * indicatesiognt at 10%; ** significant at 5%;
*** gignificant at 1%.

Predictions 3 and 4: Levels and Changes in Skill Intensity

In this subsection | test the predictions of thedelaegarding the relationship between
technology and skill upgrading. | first investigalbe differences in initial skill intensity
and skill upgrading between exporters and non-depgrand later relate the differences

in skill upgrading to technology choice.

47



Table 9 reports the differences in initial skiltensity and skill upgrading
between exporters, foreign-owned firms and domalgiowned non-exporters. The
1992 average share of skilled labor for the whalagle is 15.7%. Continuing Exporters
had a 4.3 percentage points higher skill intenswtyile firms that would export in 1996
but were not exporting in 1992 had the same gskiéinsity as domestically-owned non-
exporters (Column 1). During the period 1992-19@érage skill upgrading for the
whole sample was 1.64 percentage points, but bwttinzing exporters and new
exporters upgraded skill faster (1.12 and 1.24gmBge points, respectively) than
domestically-owned firms (Column 3). These pattenesconsistent with the predictions
of the model, as the only firms using the skilleinsive high technology before
liberalization were exporters, and expansion ofoetipg opportunities would lead both
the least productive exporters and the most progeioew exporters to upgrade
technology and skill.

The finding that foreign-owned firms are initialyore skill-intensive than
domestically-owned firms is also consistent witdrthbeing able to finance their

investment in technology at lower interest ratdei@geand after liberalization.
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Table9
Testsof Predictions 3 and 4: Levelsand Changesin Skill I ntensity

1) 2) (3)

LHS variable: LHS variable: LHS variable:
Initial Share of Final Share of Change in the
Skilled Labor Skilled Labor Share of
(92) (96) Skilled
Labor (96-92)
New Exporters 1.352 2.590 1.238
[1.027] [1.075]* [0.461]***
Continuing Exporters 4.341 5.460 1.119
[1.093]*** [1.131]*** [0.396]***
Stopped Exporting 6.202 3.865 -2.338
[2.582]** [2.482] [1.714]
Foreign Owned 8.888 9.254 0.366
[1.338]*** [1.377]*** [0.475]
Constant 11.988 12.971 0.983
[0.650]*** [0.664]*** [0.237]***
Industry dummies Yes Yes Yes
Observations 1511 1511 1511
R-squared 0.35 0.36 0.10

Robust standard errors in brackets. * indicatesiognt at 10%; ** significant at 5%;

*** gignificant at 1%.

Prediction 5: Technology and Sill Upgrading

In this subsection | investigate the relationstepAeen technology and skill upgrading. |
present two regressions. In the first one the Rei&ble is the growth in technology
spending per worker, and it intends to capturecti@nge in technology, and the LHS

variable is the change in the share of skilled tabo

L L ST, ST,
—= | —-|=| =a+f Iog(—%‘%j —Iog{—gzj +1. +e
( L Jij% ( L jijgz [ L96 ij L92 ij : qj

This regression can only be run in the sub-samipliems that have positive

(4)

spending on technology in both sub-periods (973060616 firms). Thus, as a

robustness check, | also present another regressiere the RHS variable is average
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spending on technology in the period 1993-199K,(that would be a measure for the
per period spending required to maintain or adapvan technologyf(, f ). In that case,
the initial share of skilled labor is included hretregression as it is expected to be
correlated with the initial level of technology,am attempt to capture the effects of

technology upgrading on skill upgrading. The dpumafor the second regression is:

(5) _(5) =a+/3|0g[sr93‘96J +;{5) +1, +y;
L Jige \ L Jiigy Lo i L iz

Table 10.1 reports OLS estimation of the coeffitsezn equation (4). The

(5)

coefficient on the change in spending on technofmeyyworker is significant at 1% and
has practically the same magnitude when initidl &kincluded in the regression,
indicating that the change in spending on technofmey worker is a good measure of
technology upgrading. The coefficient implies thaine standard deviation in the change
in ST per worker is associated with a 0.79 pergmfmints increase in skill intensity,
which represents 38% of the average increase 8fffcentage points for this sample.
Table 10.2 reports OLS estimation of the coeffitsean equation (5) for two
different samples. Column 1 reports the coeffigdnt the sample with positive
spending on technology, and Column 3 reports tledficeents for the full sample, where
the zeros were replaced by the minimum value oleskirvthe sample with positive ST.
In both cases the coefficient is significant at 1ing 0.40 in the restricted sample and
0.26 in the full sample. The coefficient in thestisample implies that one standard
deviation in spending on technology per workersisogiated with 0.71 percentage points
increase in skill intensity, which represents 3%®the average increase of 1.83
percentage points. Columns 2 and 4 report estimaticoefficients on equation (4)

when initial skill intensity is omitted, in that ®a the coefficient on spending on
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technology per worker is still significant, but dleg as some firms (high productivity

always exporters) that spend a lot on technologlydiieeady adopted the high

technology.

Table10.1

Testsof Prediction 5: Changesin Technology and Skill Upgrading

Changein Technology Spending

LHS var.: Change in the share of skilled labor

1) 2)
Change log (ST/L) 0.708 0.739

[0.190]*** [0.188]***
Share of skilled labofgg, -0.048

[0.015]***

Constant 1.770 2.647

[0.216]*** [0.315]***
Industry dummies Yes Yes
Observations 973 973
R-squared 0.15 0.16

Robust standard errors in brackets. * indicatesifsiognt at 10%; ** significant at 5%; *** signifiant at

1%.

Table10.2

Testsof Prediction 5: Changesin Technology and Skill Upgrading

Level of Technology Spending

LHS var.: Change in the share of skilled labor

1) (2) (3) (4)
Sample Sample Full Full
with with Sample Sample
ST>0 ST>0
LOg (ST1993_199é|_1992) 0.397 0.262 0.256 0.162
[0.115]***  [0.115]** [0.070]***  [0.068]**
Share of skilled labofgg, -0.051 -0.049
[0.013]*** [0.012]***
Constant 2.802 1.889 2.696 1.829
[0.267]***  [0.176]*** [0.249]*** [0.184]***
Industry Dummies Yes Yes Yes Yes
Observations 1258 1258 1516 1516
R-squared 0.12 0.11 0.11 0.09

Robust standard errors in brackets. * indicatesifsiognt at 10%; ** significant at 5%; *** signifiant at

1%.
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7 Conclusion
In this paper | proposed that an inquiry on theseswof rising wage inequality that does
not treat technology and trade as competing exptarecan give different answers than
empirical studies founded in the Hecksher-Ohlimfesvork. Increases in skill intensity
within all sectors and the difficulties for idenfiig effects of trade on wage inequality
through variations in trade policy across sectoescansistent with trade and capital
account liberalization being the ultimate causwiolening wage inequality once their
effects on technology adoption are taken into astou

| proposed a model where liberalization increasaskat size and reduces
technology adoption costs in all sectors. This gegoroduces heterogeneous responses
of firms of different initial productivity levelsand thus differential effects of
liberalization at the firm-level provide for a batidentification strategy than variation
across sectors.

| tested the predictions of this model in the cahtd the trade and capital
account liberalization in the early 1990’s in Argjaa, that was both profound and
unexpected. After liberalization the skill premistarted increasing at 7 percentage
points per year in the industrial sector, and tpaldrium relative demand of skilled
labor increased 17% in 5 years. The increase ingladive demand of skilled labor is not
explained by labor reallocations across sectofsras, but by within-firm skill
upgrading.

| found that new entrants in the export market aggd technology faster than
other firms, increasing their spending on technpldég% more after liberalization. These

firms were not more skill-intensive than non-expastprior to liberalization, but
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upgraded skill 1.75 times faster in the 5 yearsrdiberalization. These differential
effects on the firms that were most affected bgr#hization suggest that it had a strong
impact on technology upgrading. The finding thaih that upgraded technology faster
also increased skill intensity faster, where oa@dard deviation in the change in
spending of technology explains 38% of the avermagesase in skill intensity, suggests
that trade can have a strong impact on skill upgrathrough its effects on technology
adoption.

Some open questions remain. First, | would likentestigate the effects of FDI
on technology adoption and skill upgrading furthdound that foreign-owned firms
spend more in technology and are more skill-intessand proposed better access to
credit as an explanation. | would like to investegthis channel further, modeling the
foreign investment decision explicitly to obtain ra@recise predictions that | can test
using information on the share of foreign ownersdmp the sources of financing
technology upgrading available in the survey.

Second, | would like to study the channels throwhirch trade affects technology
upgrading and skill upgrading in more detail. | Wwblike to investigate whether
technology upgrades were caused by changes in grgdality and variety or were
aimed at reductions in marginal costs, and whetlffarences in the purpose of
technology changes reported in the survey affatitigggrading differently. Verhoogen
(2004) proposes a model where opening up to trattermore developed countries
increases exports of high quality goods in develgmiountries, the production of which
requires paying higher wages to skilled workemsould like to investigate whether

guality upgrading also induces changes towards skiliebiased technologies, and if it
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occurs in firms that export to developed countwasje firms that export to countries of
similar development only increase market size atapaless skilled-biased technologies.
In this case, there would be differential effedtsrade on technology and skill upgrading
when opening up to trade with more developed c@s)tor countries of a similar level

of development. In the case of Argentina this itigesion could contribute to the debate
on whether joining the Free Trade Area of the Acasi(FTAA) or expanding

MERCOSUR to other countries of a similar level ef/dlopment.
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Appendix A

Technology and Exporting Decisionswhen ¢ < g5
The sorting of firms into exporting and technolagoption depends on the ordering of

two other cutoffsp; andg@;" defined by:

7 (@)> 75 (9) = >4 = —— *fx 1(
e (P o) L 0,)

(fu = 1)

7 ()> 7 9) - §> 9L = S —
E(PA)™ [, ~6.)

Note that Proposition 1 implies th#f < #: , and Proposition 2 implies that
¢." <" . Then there are two relevant cases:
14" <9 <dg <Pu

In this case, the exporting and technology adopdierisions are characterized as

follows:

If ¢ <g;": the firm serves only the domestic market and tesesnology L.

If g <@ <@k : the firm serves only the domestic market and tsesnology

If ¢;} <¢: the firm exports and uses technology H.

2.4, <9 Pu <P Pu <P

In this case, there are two possible configurataescribed as 2.a and 2.b:
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220, <@y <@y <5 O " <Py <Py <g"
Under these orderings of cutoffs the exporting etinology adoption decisions

are characterized as follows:

- If ¢ <g@f : the firm serves only the domestic market and teseisnology L.

- If ¢} <@ the firm exports and uses technology H.

2D ¢ <@ <P <Ps OF Py <" <Py <P
Under these orderings of cutoffs the exporting etinology adoption decisions

are characterized as follows:

- If ¢ <@ " : the firm serves only the domestic market and tesgsnology L.

- If ¢-" < ¢ the firm exports and uses technology H.

Then in case 1 there are firms serving only theekiim market and using the low
technology, domestic firms using the high technglagd exporters using the high
technology. In case 2 there are only domestic fusiag the low technology and
exporters using the high technology. In none o$¢heases there are exporters using the

low technology.
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