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Introduction

The significant trade liberalization episodes that occumredany developing
countries throughout the 1980s and 1990s raised several concerns abdetctheef
trade policy changes on wage inequality in these countries. $éaleoa market
outcomes can impact wage inequality directly, such as retutillsy ster-industry
wage premium (part of the wage that is attributed to the werketustry affiliation),
and type of job (formal or informal).

The changes in return to skills cannot account entirely for thegeha the
wage inequality in Mexico (Cragg and Epelbaum, 1996), Colombia (Aitana
Goldberg and Pavcnik, 2004), and Brazil (Gonzaga, Menezes and Terra, 2005).
Therefore, researchers began to consider whether trade poliby affect wage
inequality through the other channels mentioned earlier, namelyofyjod (formal
and informal) and inter-industry wage premium. This is the patbildw in this
dissertation.

The informality channel is important because informal labor nsde large
in developing countries (cf. Perry et al., 2007). In particular at etisrd of the jobs
in Brazil and Colombia are informal jobs, as reported by Goldbedy Ravcnik
(2003), Kugler (1999) and Neri (2002). Job informality affects waggguality
because informal jobs pay systematically lower wages, atvddé policy changes
don't affect industries uniformly, then wage inequality will irg® in informality
prone industries, which are also intensive in unskilled workers.

At the same time of the trade reforms, Perry at al. (2007) reported acsignifi

rise in informality across several measures in Latin Apa@ricountries. Surprisingly,



there's scarcely any literature about the causal link bettvaga policy changes and
informal labor markets in developing countries. To fill this gap, in chapteletelop
a theoretical model in which trade policy changes affect the forntaksifjobs.

The conceptual and empirical difficulties in identifying imf@l workers are
some of the reasons why people have not invested much time stuifgrmality.
For Latin America, however, there’s increasing evidence thatnr#lity is related to
the costs of having a legal contract, and payroll taxes are the major pastaddt.

My first contribution is to model theoretically the payroll teampliance as
the key distinction between formal and informal workers, and thus d&osi
mechanism that generates informal jobs endogenously. Then, | gendraliavis
and Harrigan (2007) trade model by embedding this mechanism in aalgene
equilibrium model. My theoretical model considers the effectshahges in trade
policy on two outcomes related to informal labor markets: the inglestel share of
informal workers and the formal-informal wage gap, which is themtiffce between
the average formal and informal wages. The trade policy optionsidered are
changes in the import tariff and changes in the trade pdringoert tariff (export
barriers). The latter is my second contribution to the literaginee the effect of the
export side of the economy has been ignored both theoretically and empindalty s

More specifically, my model predicts that a decrease ingorgade barriers
affects the firms by two channels. The first channel is thrabghincrease in the
volume exported, which raises formal employment by the exiskpgreers and the
new exporting firms. The second channel is through the exit oketdst productive

firms, which can increase or decrease the formal share pfogment, but is



dominated by the first channel under reasonable conditions on the girtiwdion of
productivity and wage. In this case, foreign liberalization lowleesnformality share
and the formal-informal wage gap in a given industry. Similarpaoative statics for
own liberalization shows that industries with larger import tamffluctions have
higher informality share and wage gap.

In chapter 2, | use the Brazilian trade liberalization (1989-2001g4dt the
predictions of my theoretical model. This is an important episodaubecit allows
the identification of informal workers in the data by the santermn used in the
theoretical model, i.e. compliance with payroll taxes, and to thé dkesny
knowledge it is the first time in the literature that this ¢chatg between theory and
data is this close. Moreover, Brazil went through a tradediization program that
reduced significantly its import tariffs and its trade padradso reduced substantially
their import tariffs. Last, but not least, there was no changkbor regulations
during this period.

An important finding is that the Brazilian import tariff isd®genous with
respect to informal share and formal-informal wage gap. fboirivent this problem,
| use an instrumental variable approach, and the instrument used isadee
liberalization path of a similar country. Furthermore, when trade@aimport tariffs
are omitted from the estimated models, the estimates ar¢atistically significant.
This fact highlights the importance of not neglecting the expdet sf the economy
as many studies of trade reforms do.

| assessed the industry-level informality share predictiorediymating the

effect of Brazilian and foreign tariffs on the worker probapitift having an informal



job. Contrary to the previous literature that reported no effecadé on informality,
my findings indicate that reducing within industry Brazilian intptariff by a
percentage point increased informal share by 0.8 percentage pointhe @ither
hand, a percentage point decrease in foreign tariff reduces ifityrrby 0.4
percentage points. Both effects have the same signs as predicted by my model.

To test the formal-informal wage gap predictions | follow skendard two-
step procedure in the wage inequality literature. Firstjhas¢ the wage gap using a
Mincer-type earnings equation for each year. In the second steggrdss the
estimated wage gap on Brazilian and foreign tariffs in addiboyear and industry
effects. | also find strong support for my model here: a one pegeeptant decrease
in own tariff increases the wage gap by 0.4 percentage point apdraehtage point
decrease in the foreign tariffs decreases the gap by 0.17 percentage points.

The policy implications of my results are that unilateradér liberalization
can indeed increase job informality; however, reciprocal tildskralization can
mitigate this increase in informality and maybe even decrease it.

Chapter 3 contains the empirical assessment of the effexddaf policy on
inter-industry wage premium for Colombia. Wage inequality can breased if trade
policy changes in a way that there is a very small effecthe wage premium of
skilled worker intensive industries, for example.

The literature relating wage premium to import tariff pas has found
mixed evidence so far. Feliciano (2001) found that the change irs tditfit't affect
wage premium in Mexico, and so did Pavcnik et al. (2004) for Braridiierg and

Pavcnik (2005) uncovered evidence that a reduction in tariffs decrdasedage



premium for Colombia. On the other hand, Mishra and Kumar (2007) founthé&hat
decrease in import tariffs increased wage premium in India.

The existing work has ignored two key aspects. The firsthisther trade
policy changes affect differently wage premium based on indakasacteristics. So,
| use the methodology of previous studies, such as Goldberg and Pavcnik {@005),
assess Iif the tariff effect is similar for manufacturargl non-manufacturing or for
tradable and non-tradable industries.

The second aspect is the role of productivity in determining botimdlustry
wage premium and import tariffs. Ignoring productivity can be an itapbsource of
endogeneity of import tariffs and is therefore the central issae | address. Its
omission not only generates inconsistent estimates, but from @tibabperspective
it also leaves room for the effect of tariffs on wages to havanabiguous sign. This
happens because the tariff coefficient in this case is theegel of the effect of
tariffs on productivity (which may be positive or negative ex Jaatal the effect of
tariffs on industry rents shared with workers (which is posiivente). Therefore, |
ask if trade liberalization increases or decreases theimttestry wage premia after
we account for the impact of productivity on trade policy. | alsessthe magnitude
of the bias in previous studies that fail to account for this source of endogeneity.

Using the Colombian trade liberalization (1984-1998) | find that only the
manufacturing and the tradable industries wage premia areigernsitchanges in
import tariffs. When productivity is incorporated into the estimatedel, my results
indicate that it is indeed an important determinant of the wagmium, and as an

included instrument it does affect the change in tariffs (endogeveriable). In



addition, the impact of trade liberalization on the manufacturing indssiwage

premium is about 100% larger when productivity is omitted.



Chapter 1 - Trade Liberalization and Informal Labtarkets:
Theoretical Model

The existence of informal labor market is a common phenomenon throughout
the world (cf. Schneider and Enste, 2000), and its incidence variesumyry and
economic sector. In developing countries, informality takes moreafi@mrontours
because informal workers are present in every sector of the egomaiuding
manufacturing, and they also account for a significant share of the workforce

Moreover, trade liberalization episodes in Latin America wemrapanied
by a significant increase in the share of informal workenshamufacturing in those
countries, as found by Perry et al. (2007). For example, in Brafidyebé¢rade
liberalization in 1984, the share of informal workers in manufacguwas 12%, and
it grew to 20% in 2000, after trade liberalization. Thus, traok@dc affect labor
markets not only through wages and employment but also through tlhty qtidhe
jobs available (formal and informal).

Trade liberalization episodes in Latin America, contrary to viagipened in
the U.S. (cf. Kambourov and Manovskii, 2008), present the interestingdeatt no
significant reallocation of workers across industries during aner dlfte tariffs
decline, as found by Wacziarg and Wallack (2004) in a cross-countty, $4Hanson
and Harrison (1999) and Feliciano (2001) for Mexico, Attanasio et2@04) for
Colombia, and Pavcnik et al. (2004) for Brazil. In other words, thd tdréinges are

not correlated with changes in the industry shares in total gmpltt. In fact,

! In Brazil and Colombia household surveys indictiat at least 30% of all jobs are informal as
reported by Perry et al. (2007).



Attanasio et al. (2004) found a correlation of 0.99 between 1986 and 1998yndustr
employment shares for Colombia, and for Brazil Pavcnik et al. (2094n)d
correlation of 0.96 between 1987 and 1998.

Since there's no industry switching and informal employment expasoled,
of the former formal workers became informal in the same induss$rguggested by
Goldberg and Pavcnik (2003). They decomposed the change in the share of the
informal workers in within and between industries variation anchd that within
industry employment changes accounted for almost all of the changelombia.
For Brazil, | conducted a similar calculation and the withinateon accounted for
85% of the total variation.

For Latin America there’s increasing evidence that informalitgleted to the
costs of having a legal contract, payroll tax being the majoropais cost. My first
contribution is a mechanism that generates informal jobs endogerdueslio the
existence of payroll tax. Thus, | theoretically model payralldampliance as the key
distinction between formal and informal workers.

If a firm hires a formal worker, its expected wage billl wiinsist of the wage,
an ad valorem payroll tax, and a tax preparation and record keeppegditxre,
which is a fixed per worker cost. Every firm in the economy lvaraudited by the
government with a certain probability, and if the firm is caughpleying informal
workers, it will have to pay an ad valorem fine over the wages phids, The firm
expected wage bill of an informal worker is the wage plus tipeated value of the

fine.



The firms minimize their expected cost of labor by choodwrgnal or
informal labor contracts. So, low wage firms find informal waoskeheaper because
the relatively high per worker tax preparation cost. By the saken, high wage
firms find formal workers cheaper. Empirical evidence indicdtest informal
workers earn lower wages in relation to formal workers. Thikasfirst time in the
literature, in which a theoretical model is able to geneeatbogenously different
formal and informal wages for identical workers

This mechanism is able to replicate other important stylizeds fabout
informal labor markets. First, formal and informal workers xigtein a range of
different industries, so informality does not have a simple induspgcific
explanation. Second, while the average characteristics of formal and infoonkaksv
differ in some industries, they are similar in others, and in faotkers transition
between formal and informal jobs more frequently than we wouldeatx if
informality were simply a function of workers characteristics.

The mechanism | devised need to be inserted in a trade modkhtieatwo
features: wage heterogeneity and within industry reallocationngflayment. A
model that satisfies theses requirements is Davis and Harf2§97) “Good Jobs,
Bad Jobs” trade model. | generalize it by incorporating twesyg jobs: formal and
informal, in addition to introducing the payroll tax mechanism justris=d. In the
Davis and Harrigan (2007) model firms are heterogeneous imitwensions: wage
(which is crucial to have payroll tax causing informality) anddpictivity. The

productivity heterogeneity follows Melitz (2003) framework andsitiso necessary

22 |n my model, the workers are compensated for tiuetexerted, thus they are indifferent between
jobs. It is not clear in the literature if from th@rkers’ perspective a formal job is always betiten
an informal job. I will discuss this topic in modetail later.



because almost all informality changes happen within the indusiy, this

framework portrays the effect of trade liberalization throulg@ within industry
reallocation of production. Another important result from the Metitazdel is that
only the most productive firms can overcome fixed costs to expudtftese firms
are also the largest in terms of employment, results thagugmgorted by empirical
evidence. So, in addition to these results, it can account for avposdirelation
between size and formality that is strong in the data. Smal in my model do not
export and some of them still pay high wages and thus will pfeferal workers,

facts that are supported by empirical evidence.

The comparative statics consider the effects of changes impuet tariffs
and in the trade partners import tariffs (export barriers). latier has been widely
neglected in the literature and, as we will see, it hasrg imgortant role in my
model. The results can be summarized as follows. A decreake import tariffs
increases both the informality share and the formal-informakvgag. On the other
hand, decrease in foreign trade barriers decreases both the infpshate and the
formal-informal wage gap in a given industry. This reduction in dxparriers
increases the demand for the currently exported goods, as atheselis an increase
in formal employment to cope with it. Additionally, some firms now find proféabl
export in this case and they also increase formal employnyeeither hiring more
formal workers or switching from informal to formal workers in arde export.
Moreover, the less efficient firms exit the market and dgsboth formal and

informal jobs. Under mild sufficient conditions, the first effect dominates ttense

10



In the remainder of the chapter, | present first a briefdiure review about
the definitions of informal labor, stylized facts and related mapand then | discuss

in details my theoretical model and present the comparative statids.resul

Literature Review

Informal labor market definition and stylized facts

The definition of an informal labor market is closely relatedwhat is
considered informal or underground economy. There are two types of ida8nih
the informal economy literature. The first definition is based erethployment level
of the economic unit, and it establishes a cutoff level below whieletonomic unit
is considered informal, and its workers are considered informal too.

The second definition of an informal economic unit is accordingstéegal
status, as is exemplified by Hernando de Soto (1989): “the infaecabr is defined
as the set of economic units that do not comply with government-impersesl and
regulations”. Schneider and Enste (2000) makes it more precise hyg atthdit
“informal economy encompasses legal value-added creating iastiwihich are not
taxed or registered and where the largest part can be iglds=ssf clandestine labor,
which means that unpaid or ‘pure’ household production, voluntary nonprofal{soci
services and criminal activities are excluded”.

By analogy, the legal status definition of an informal jobrie in which the
employer doesn't comply with labor regulatijrend that's the one used here. Now,

labor laws cover several aspects of employment relationship sracansequence,

% Schneider and Enste (2000) provides an in-depbudsion of the factors influencing regulation
compliance.

11



partial compliance may exist. Thus, it is necessary to drime detween formality
and informality, which implies choosing observable aspects of thdatean that
matters in the firm decision regarding the formality status of its@yepk.

The major reason behind the use of informal labor is explainedrgsket al.
(1989, p.30); “the best-known economic effect of the informalization praosess
reduce the costs of labor substantially”. Furthermore, Tokman (18989 that the
additional costs related to labor regulations are the most impadergonent of the
permanency costs in the formal sector for small firms tmLAmerica. Among these
labor costs, the main distinction between a formal and an informah jdbgentina
and in Brazil seems to be related to the costs of having adegthct (in particular
payroll taxes) and not related to the quality of the job per serding to Pratap and
Quintin (2006) and Neri (2002) respectively. Moreover, the lattereptesevidence
that some labor legislation, like workload, payment practices, andnorimiwage
seems to uniformly affect both formal and informal work relationstfipsadvantage
of using payroll tax compliance is its direct observability in lebiafd surveys since
the worker is questioned about it. Indeed, this is the widely usethfgob indicator
in the empirical literature, and it is employed for ColomiyaGoldberg and Pavcnik
(2003), for Argentina by Pratap and Quintin (2006), and for Brazil by Neri (2002).

In general, payroll taxes consist of an ad valorem tax on wagdsn some
countries there's also a specific tax per worker. In Brazilexample, payroll taxes
are composed of social security contributions (currently the emppayeis 20% of
the wage paid) and other taxes not related to social secusitheFmore, firms also

incur substantial per worker costs of calculating and preparingtakerelated

12



paperwork, in addition to the costs of keeping tax records. Boisvet €2001)
conducted a survey among Brazilian firms and found that these preparasts per
worker are between 43 and 86 dollars, or between 15 and 30% of the miniagem
prevailing in Brazil.

If the payroll taxes were social security contributions, fibrenal workers
would have some utility by its payment by the employer. Bramd many other
developing countries have a pay-as-you-go social security syatehin this system
the workers tend to see the social security contributions giagpé tax that provides
no clear benefits to them. The benefits paid are calculgtsdrbe sort of average of
the last wages received by the worker, and these benefiteenillnded by the next
generation of workers contributions. Thus, future benefits have do@sg relation
with the amounts contributed over time.

Although the lack of payroll tax compliance makes informal warloheaper
at a first glance, firms are subject to government audit. IrziBthere are two
agencies that conduct such audits. The first agency, IN®5¢cisarge of payroll tax
collection. In the AEPS (2005) they provide statistics regardimeg fumber of
establishments visited. The series started in 1992, in which 112,327 sbstegnits
were visited. The number of visits increased until 1994 to a level of 144,069, and then
presented a downward trend to 89,000 establishments visited in 2001. The other
agency, Ministry of Labor, enforces the remaining labor reguiatincluding the
existence of a signed labor contract. In MTB(2008) there'spartren the total
number of firms audited. The first observation is for 1990 in which 414,87 fir

were audited. For 1991 the number of audits declined to 327,398, and then increased

13



to 384,562 in 1993, 407,732 in 1994, and 420,893 in 1995. After some oscillation
between 350,000 and 300,000 firms audited, the number of visits ended up at 296,741
in 2001. So, it seems that there is some variability in the emfant intensity over

the years. Unfortunately, there's no available data on audiggdesmted by type of
legislation enforced and by industry. In the theoretical modedldped in this paper,

I'l use this payroll tax structure, government enforcement oh saws, and the
workers' indifferencéregarding employer compliance with payroll taxes, in the firms
decisions about the type of worker hired.

Using 1984-2001 Brazilian Household Surveys data (PNAD-Pesquisa
Nacional por Amostra de Domicilios) combined with 1991 and 2000 Brazilia
Census data, | calculated the share of informal workers accotdirige social
security criterion. There's a significant increase in infotmah the manufacturing
sector over time, whereas the share of informal workers in sergiector remained
stable. We can see from figure (1.1) that in the services sbetanformality share
was 28% in 1984 and after some oscillation it ended up at 25.5% in 2003. On the
other hand, the informality share in manufacturing increased fromtd 2%.4% over
the same period. So it seems that something besides a common shogk a
industries affected the manufacturing sector.

This increase in informality could have happened because of chamge
composition of employment across manufacturing industries with eliffer

informality share, or within industry changes in informality, both. | found that

* It's not clear that a formal job is better thaniaformal job. For example, there's income tax

incidence in the former but not in the latter. @e bther hand, only a formal job comes along with

unemployment benefits, just to mention a few déferes. Since the theoretical model abstracts from
all these features, | think it's more appropriateassume that workers are indifferent between both
types of jobs.

14



within industry change in informality accounted for 85% of the vanain
informality in the 1989-2001 periddThe theoretical model developed in this paper
will allow for the existence of within industry variation in informality.

Table (1.1) contains some descriptive statistics of the datahesedin the
form of industry-level statistics that were averaged over .tilfe can see that
informality is present in every industry, although the share diffgrsndustry. The
average characteristics of formal and informal workers §yeheducation, age, and
gender) are similar in some industries like apparel and mdeyedif in industries
like nonmetallic mineral products.

Furthermore, the Brazilian labor market features workertcking between
formal and informal jobs. Table (1.2) presents evidence of thislawg using data
from the May 1996 special supplement of the PME (Pesquisa Meng&ahpiego -
Brazilian Monthly Employment Survey). In this supplement, every kemor
interviewed reported her formality status in 1991 and in 1996. We carhaee
approximately one sixth of people employed in the formal market in 24®98¢hed to
the informal market in 1996. On the other hand, approximately one thirdeof t
workers in the informal market in 1991 migrated to the formal lamarket in 1996.
Hence, informality doesn't seem to be exclusively determineelitbgr workers or
industries characteristics. These facts will be taken intoustcby the theoretical

model.

® Using a different data set, the 1987-1998 PME dRiea Mensal de Emprego - Brazilian Monthly
Employment Survey), Goldberg and Pavcnik (2003)wshtb found that 88% of the variation in
informality was within industry.
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Avg. Share of

Share of Informal  Avg. Years of Education Avg. Age Males
Manufacturing Industry in PNAD-Census data Mean [Sad Formal Informal Formal Informal Formal Infoam
Wood Sawing and Wood Products 0.363 0.052 5.610 97&4. 31.336  27.773 0.870 0.945
Nonmetallic Mineral Product 0.298 0.038 5.993 411 32.309 26.686 0.879 0.921
Apparel 0.269 0.043 6.734 6.212 30.843  30.265 0.223 0.192
Coffee, Food, Beverage, Animal Feed and Tobacco 2000. 0.031 6.565 5.219 31.845 27.441 0.738 0.698
Footwear and leather products 0.189 0.030 6.189 095.6 28.657 29.527 0.569 0.455
Pulp and Paper Production, Paper Products, Printing
and Publishing 0.152 0.042 8.253 7.774 31410 28.515 0.751 0.700
Metals Production and Processing 0.147 0.042 7.318 6.093 32.856  28.277 0.886 0.922
Pharmaceutical, Perfume, Soap, Detergent, and €and).116 0.027 9.034 8.327 32.041 30.697 0.620 50.56
Textiles 0.115 0.029 6.732 5.704 31.230 29.670 0.588 0.477
Plastic Products 0.100 0.024 7.095 6.498 31.148 29.017 0.647 0.689
Machinery, Equipment and Commercial Installation
(including parts) 0.099 0.033 7.846 6.723 33.241 31.276 0.851 0.777
Electrical and Electronic Equipment 0.088 0.029 28.5 7.972 30.896 26.706 0.712 0.751
Rubber Products 0.082 0.036 7.146 6.236 32.350 30.277 0.851 0.750
Non-petrochemical Chemical and Fertilizer 0.081 020. 7.760 5.812 33.633 30.472 0.806 0.710
Automobile, Truck and Bus (including parts) 0.068 .01® 7.909 6.941 33.287 31.069 0.873 0.835

Table 1.1 — Manufacturing industry workers characteristics in Brazil.
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Number of people with at least 20 years Employment status in May 1996

old and working in 1991 Formal job | Informal| Self- Employers| No-wage Totals
job employed employment
Etr;tﬂ'gymer,\‘}lay Formal job 41.4% 10.1% | 8.1% 1.4% 0.2% 61.206
1991 Informal’ job 4.9% 8.5% 2.9% 0.4% 0.1% 16.9%
Self-employed 2.1% 24% | 11.2% 1.8% 0.3% 17.8%
Employers 0.3% 0.2% 0.9% 1.9% 0.1% 3.50
No-wage employment 0.1% 0.1% 0.1% 0.0% 0.1% 0.39
Non-declared 0.1% 0.1% 0.1% 0.0% 0.0% 0.3
Totals 48.9% 21.4% | 23.4% 5.5% 0.8% 100.0%

Table 1.2 - Formal-informal job transitions between 1991 and 1996 using May 1996 PMEspgi@ment. Source: IBGE website.
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Workers in every manufacturing industry in Brazil with theneaobservable
characteristics earn different hourly wages. This wagedgeaeity can be seen as
the residual of a Mincer type regression consisting of requg#ise natural logarithm
of hourly wages on age, age squared, years of education and a maléoiindica
variable. Figure (1.2) shows the kernel density of the residuathi®fregression
estimated separately for formal and informal workers in the fowdl lzeverage
industry in 1997 PNAD sample. This graph shows that even afteroong for
workers' observable characteristics, there's still signifieaage dispersion for both
formal and informal workers. The graph is similar for other indestand years of
my sample. This finding seems to happen in other countries (see gmitDavis,
2008, for more references). Wage heterogeneity will be an inmpgotrt of my

theoretical model.

Stylized facts about trade

Until the end of the 1980s, Brazilian trade policy was dicthtetivo factors:
the import substitution policy and Balance of Payments défiditee former implied
different protection across industries, in particular high impeiffseand non-tariff
barriers on foreign goods that competed with similar domestic psdlbe latter
generated large import tariffs across all industries to sugworts. Moreover, since
Brazil is a developing country, it used article XVIII of GAT® not participate in

earlier rounds of tariff decreases.

® A good description of Brazilian trade policy ineti980s and 1990s is presented in Kume et al.
(2003).
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constant. The data used is from the food and beverage industry in 1997.
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Then in the late 1980's Brazilian trade policy started to chdahgeg 1988
and 1989 nominal tariffs were reduced from an extremely high levaist high
levels; however, non-tariff barriers (NTBs) remained unchangech 8ecrease in
nominal tariffs didn't affect the volume of imports because thiBd\were in effect,
as documented by Kume et al. (2003). In 1990, Brazil was under a nedeptesnd
in March of this year he reduced drastically NTBs and adoptechedgle for
nominal tariff reductions to start in 1990 and finish in 1994. The decnedaeffs
was not identical across industries, as shown in Kume et al. (2003 )yrotection
changed over time and across industries, in particular, some iedustitl receive
extra tariff protection as decided by the Brazilian governmemhehacomputer
hardware and software, biotechnology, new materials, some of non-petrcahe
chemicals, electronic appliances, machinery parts, and industitbs stvong
backward and forward linkages such as automobiles. The decrease in taniffgrt
had real effects on the economy. Import penetration in manufactogreased from
5.7% in 1987 to 11.6% in 1998, and manufacturing goods imports increased by more
than 200% in the 1990-1998 period.

Brazilian firm access to foreign markets also changetis period due to the
Uruguay Round tariff reductions, Mercosur customs union implementatiod
China's ascension to the World Trade Organization (WTO). Thguasu Round
negotiations led to a decrease in tariffs imposed by the lafan, European Union,
and other developed countries on several trade partners, including. Braeil
Mercosur customs union encompasses Argentina, Brazil, Paragu&jragehy and

went into effect in 1995. The import tariffs for inside the block tiagleame zero for
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the majority of goods. During the 1990s China agreed to decrease@s iariffs in
order to join the WTO in 2001. All these trade partner tariff redostiwere
accompanied by an increase of 68% in Brazilian manufacturing gogust in the
1990-1998 period. Table (1.3) presents the average and standard deviation of the
Brazilian import tariffs and its trade partners import tariffs (expoiff$n

At the firm-level, evidence gathered by Ellery and Gomes (RQ3ihg
Brazilian trade data revealed that only a small percentaggrasilian firms are
engaged in exporting. The exporting firms are substantially lasgel more
productive than firms serving only the domestic market. These daeta to happen
in several countries like the U.S. (Bernard, Jensen, and Schott, 2005plantb@
(Roberts and Tybout, 1997). Although the industry classification used &gy Elhd
Gomes (2007) is slightly different from ours, the industry-levalrsiof exporting
firms seems to be inversely related to the share of inforroetess. For example, in
the machinery industry, about 37 percent of firms export while only peneent of
its workers are informal. In the apparel industry, only 12 pemkehtms export but
the informal share is about 27 percent. Menezes and Muendler (200d)tfai due
to trade liberalization, manufacturing output shifted to more produdtine in
Brazil. Last, but not least, Muendler (2004) found that the less proddicthe&were
more likely to exit the market during the Brazilian trade liieation episode in the

1990s.
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Import Tariff Export Tariff
Industry in PNAD-Census data Average Std. Dev Chanfverage Std. Dev Change
Apparel 0.314 0.175 -0.552 0.202 0.077 -0.204
Automobile, Truck and Bus 0.370 0.127 -0.370 6.10 0.053 -0.168
Coffee, Food, Beverage, Animal
Feed and Tobacco industries 0.183 0.053 -0.159 20.35 0.058 -0.212
Electrical and Electronic
Equipment 0.236 0.098 -0.278 0.086 0.041 -0.105
Footwear and leather products 0.198 0.067 -0.216 1800. 0.067 -0.158
Machinery, Equipment and
Commercial Installation 0.210 0.089 -0.271 0.066 0.032 -0.088
Metals Production and Processing 0.130 0.032 10.100.069 0.033 -0.085
Nonmetallic Mineral Product 0.161 0.078 -0.221 109 0.048 -0.12
Non-petrochemical Chemical and
Fertilizer 0.149 0.055 -0.190 0.073 0.028 -0.070
Pharmaceutical, Perfume, Soap,
Detergent, and Candle 0.151 0.091 -0.264 0.091 048. -0.119
Plastic Products 0.220 0.091 -0.244 0.129 0.052-0.129
Pulp and Paper Production, Paper
Products, Printing and Publishing 0.142 0.050 {0.15 0.068 0.032 -0.079
Rubber Product 0.220 0.132 -0.351 0.085 0.040 .099
Textiles 0.230 0.110 -0.400 0.156 0.063 -0.164
Wood Sawing and Wood Products 0.148 0.054 -0.168.110 0.058 -0.139

Table 1.3 — Brazilian import tariffs and export tariffs desorgtstatistics for the

1989-2001 period.
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Household surveys that include questions about the employer chatasteris
reveal that not all firms offer informal jobs. Indeed, smdilens are more likely to
use informal workers, as found by Dabla-Norris et al. (2008) forrakegeuntries,
and Carneiro and Henley (2001) for Brazil. All these firm lefadts will be

outcomes of the theoretical model | develop in this paper.

Related Literature
This paper is connected to the development economics literature about

informal labor market economy, where Rauch (1991) is an important ipapeuse it
is one of the first to make informal labor markets an endogenousmetdue to a
labor market distortion: minimum wage. His model is based on LUt@&8], in
which agents have heterogeneous managerial ability. Depending omahagerial
ability, the agent chooses between being an employer or an empltheemployers
then have to decide to hire either minimum wage formal workelsvegr wage
informal, while taking into account the minimum wage enforcemdat As a result,
all small firms will use only informal labor. This predictionnst supported by the
data since there are small firms that use formal employnad minimum wage
doesn't seem to be the reason behind labor informality in Brazil headaduntries as
discussed before. My theoretical model improves on Rauch (1991) byaisioge
realistic distortion to generate informality endogenously, viaitows for formal and
informal employment in small firms, and by embedding the distoritioa trade

model.
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A second connection is with the international trade literatureecoad with
the effect of trade policy changes on labor market outcomes. Goldbhdrg§avcnik
(2003) presents a representative firm model in which formal workecsive
efficiency wages that increase according to the probabifitpemng fired without
justification, and informal workers that receive reservation wagd pose no
adjustment costs, because firms purchase a costly perfect mapitechnology to
use on them. So, informal workers would be hired and fired in order donacodate
demand fluctuations. Trade liberalization consists of mean deaeasamge in the
stochastic part of the demand curve. This change decreasksnia employment
and therefore increases the share of informal workers.

Their two-step empirical strategyelied upon intra-industry variation in
tariffs that happened along the trade liberalization processamilBind Colombia. In
the first step, the probability of having an informal job ismeated by a linear
probability model for every year of the sample, controlling for dtiservable
characteristics of the individuals and a set of industry affiliation inalisatvhich was
intended to capture the variation in informal employment due to iydaHtliation
and not the worker characteristics. In the second step, theseatestimdustry
affiliation effects were linearly regressed on trade eelaneasures, in addition to
time and industry indicators. According to them, there was almosvidence that
trade policy changes affected the informal labor market iziBrand some small
effect for Colombia which seemed stronger before the 1994 labor market reform.

The reason for using informal workers in their model is at odts labor

regulation of several countries since there are special |l@mracts for temporary

" Attanasio et al. (2004) performed a similar enggiriexercise using Colombian data.
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workers with lower costs in relation to permanent employeesd@&esising a more
realistic reason for employing informal workers, my modeprioves on Goldberg
and Pavcnik (2003) by allowing firms to have different size, whechmportant
because trade policy affects firms differentially accordimgheir size, which also
matters for informal labor markets because smaller firnesnaore likely to hire
informal workers than larger firms.

Moreover, | have no need to resort to assumptions that firms ditigeent
monitoring ability because of the labor contract used. My theoretiodel shows a
clear mechanism for the effect of trade policy changes otabwe markets, and it
also incorporates the export side of the economy. Furthermore,entggsedictions
on a second outcome, the formal-informal wage gap. On the empaital not only
include export side variables previously ignored, but also use annmgsital variable

approach to deal with omitted variable bias and reverse causation issues.

Theoretical Model

My model is a generalization of Davis and Harrigan (2007), in lwhic
introduce payroll taxes and two types of labor contracts: foamdlinformal. Their
model combines the monopolistic competition with heterogeneous firm pratducti
model of Melitz (2003) with the efficiency wage model of Sha@ra Stiglitz
(1984). Firms will differ in physical productivity and in workers moriitg
productivity. The former determines the amount of output produced per warker a
the latter determines how well the firm induces the workexert effort. The better

the monitoring productivity the lower the wage needed to motivatevtinker, as in
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efficiency wage models. Thus, similar workers hired by fimmith similar physical
productivity might earn different wages.

| decided to build on Davis and Harrigan (2007) work because its trade
predictions match several international trade stylized fadsussed before, and
because the wage heterogeneity present in the model allows m&aduce the
mechanism that generates formal and informal jobs endogenously. iGiealor
model by Davis and Harrigan (2007) becomes a particular cas;mefwhen there is

no payroll tax.

Model set-up

The theoretical model is a one-sector economy composed of rislairfeuts
and workers. Homogeneous labor is the only factor of production. As in Davis a
Harrigan (2007), workers have identical preferences and theiry ufilitction is
additively separable in effort and consumption. The disutility hef former is
measured in the same units as the wage, and the latter isbygihaestandard Dixit-
Stiglitz CES aggregate of differentiated goods with an agsocf@ice indexP. The
equation below shows the worker's indirect utiliyy 0f being employed at firm in
which w; is the wage receivede is the effort exerted (0 or ¥)and tr are
governmental lump-sum transfers that are equal across all wqe@ployed and
unemployed). In my theoretical model there's the assumptionhthatdrkers do not
have any benefit from the payroll taxes and there's no unemeidybenefit, so

workers are ex-ante indifferent between a formal and an informal job.

#The model rests on the dichotomy that workers exertot effort, i.e.e € {0,& with €>0. For
sake of simplicity, | follow Davis and Harrigan (@) in the assumption th& = 1.
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This efficiency wage modeling strategy is based on Shapiro and Stglde|
but Davis and Harrigan (2007) incorporated heterogeneous monitoring pvisgiticti
at the firm level.

A worker can lose her job by being caught shirking or by exogemans
death, since every firm in the economy regardless of its ckasics can face an
exogenous bad shock with probabilify that forces it to exit the market. Firms catch
shirkers by monitoring all workers. The monitoring productivity (likebd of
catching a shirker) is a firm-specific random variable, wehos/erse ism. The
maximum monitoring productivity correspondslta so that the overall probability
of being fired (exogenous firm death plus shirking motive) doesn#eed. The

inverse of the maximum monitoring productivity ig=(1-6)" and m e[m,, o).

Contrary to what has been done before in the informal labor maniettlite, the
monitoring ability in this model is independent of the type of laborraofti.e. firmi
has the same monitoring ability despite the use of formal or informal workers

The derivation of the equation that links firm monitoring productitatythe
wage paid consists of finding the wage that firmeeds to pay the worker to avoid
shirking. Now, let's proceed with solution to the efficiency wagblpm in a similar
fashion to Davis and Harrigan (2007).

The fundamental asset equations for formally employed non-shakérm i

and formally employed shirkers at firnare (1.1) and (1.2) respectively, in whiclts

%It is also called monitoring ability in the efficiey wage literature.
19| assume tha#<0.5.
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the discount ratey*"" is the value function of a formal non-shirker worker at fiym

V. | present here the calculations for workers under formal laboracoranly,
because the mathematical derivations from equation (1.1) to (1.6)aogaus for a
worker under informal contract, since the former and the lattee sharsame utility
function and their supplied labor is identical. | assume that unemplogekiers
receive zero wage, either coming from a formal or informalb. Thus
V" =V," =V,. An unemployed worker is able to search for formal and informal
jobs regardless of the type of her previous job.
Ve N = (W —e+tr) +6(V, -Vg™") (1.1)
Ve = W +tr +(5+m )V, —V&) (1.2)

To avoid shirking the firm must pay a wage such that the valuar&frgy for

the worker is smaller than the value of not shirking. This issteded in the non-

shirking constraintV,|

orN >\voS Imposing it at firmi with equalityVo ™ =V "3,

we obtain

W =rV, —tr+e+(r +o)em (1.3)
Plugging (1.3) into (1.1)

V. =V, +em (1.4)
Analogously for the informal worker, we have

Ve =V, +em (1.5)
Since equations (1.4) and (1.5) reflect the required no-shirking wagee afoi

any firmi, an unemployed worker will accept the first job offer, becausédheof

benefits from being employed is sufficient to compensate theildjsof exerting
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effort. Additionally, | follow Davis and Harrigan (2007) assumption thgiected job
tenure doesn't vary across firms since in equilibrium no one shitdath formal and
informal jobs. Job loss would happen only at the common exogenous oafiem
death, which is the same for firms employing formal or informal workers

Let f(w)™ be the equilibrium density of formal workers employed at firm

The average lifetime utility of a formally employed non-sairks given byV/™ .

r for

Similarly, let W™ and m™ be the average formal wage and the average monitoring
ability for formal workers respectively.
Ve = [V £ (w) “dli (1.6)

The benefits flow of being unemployed consists entirely of tteaed
capital gain from re-employment as shown below, in whichis the instantaneous
probability of re-employment.

v, =a (V¢ —=V,)+a™ (V" —\,) +tr (1.7)

Taking averages ovar from equation (1.4) for formal workers and from
equation (1.5) for informal workers, we obtain
Vo -V, =em®; v -y, =em” 1.8)

Substituting (1.8) into (1.7)

v, =aem™ +a"em" +tr (1.9)
Let L be the total size of the labor forck]" be the number of workers in

informal jobs, L™ be the number of workers in formal joluspe the total number of

unemployed, and be the unemployment rate, defineduas*. .
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Since L™ and L™ are endogenously determined in equilibriuai® and

a™ can be examined in terms of the steady state, by thetHat inflows and

outflows from unemployment must be equal. In steady state, onlyeesog

separations take place, and at a td@ both formal and informal workers.

Linf
= (1.10)

a"U =a" =6Y(L-U), Y=
a®U=a""=561-Y)(L-V) (1.11)
Plugging equations (1.10) and (1.11) into (1.9), we obtain:

vV, =es[m™ @-Y)+m" Y] a-u +tr (1.12)
u
Plugging equation (1.12) into (1.3):
== for —==inf (1_ U)
w=dm" @1-Y)+m" " Y]|——+e+(r+9)em
u

Let M be the averagam, mM=m"™ (- Y)+m" Y, and following Melitz

(2003), letr —» 0, we've got

W =5emM+e+§em (1.13)
u
Averaging over
W= _—(1_ u +e+oem (1.14)

u

Now, we're ready to solve fom (u,m . )Solving for m in equation (1.14),

and plugging it into equation (1.13),
W = (W-¢)(1-u)+e+dem (1.15)

A firm with m =m, (maximum monitoring ability) will pay a wage of; ,

31



which is defined as theummeraireof the economy.
W, =(W-¢e)(l-u)+e+dem=1 (1.16)

Plugging (1.16) into (1.15), we obtain Davis and Harrigan equation 1.11,
which is equation (1.17) in this paper. This equation links the firm mamit@tbility
to the wage paid in a one-to-one positive relationship.

W =1+3de(m —m) (1.17)

On the production side, every firm has to pay a once and fenal fixed
cost, fe units of labor, to enter the market and know its drawing of monitoring
productivity and physical productivityng, ). If the firm decides to stay in the
market and produce, it then incurs a fixed cost ahits of labor every period it
operates, and a variable cost composed of labor used in activittegaties in
amount according to the outpuap (

The workers in the variable activity cost can be hired ugsingdl or informal
labor contracts. In both contracts the firm has to pay the exifigi wage (), but
only firms offering formal contracts have to pay payroll tagemposed of a specific
tax per worker ¢) and an ad valorem tax) (on wage. Alternatively,d can be
interpreted as the per worker costs of calculating and prepaengx form$'. The

expected wage billlf) for a formal worker is
b =Tw +6; T=1+t (1.18)

Under the informal labor contract, firndoes not comply with payroll taxes.

All firms may be audited by the government with a probabiityif a firm is caught

Yn this case, | would have to add a constant retuenscale sector to produce such accounting
services, and the model results wouldn't change.
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using informal labor, it will be subject to al valoremfine of  of the wage paid to
each informal worker. The payroll taxes and fines collecteduaed in lump-sum
transfers to all workers, employed and unemployed, in the econdmeyexpected

informal worker wage bill is

b" =aw; A= @1+7¢) (1.19)

Following Davis and Harrigan (2007), all firms pay the same wage
workers in the fixed costs activitiés Without loss of generality I'l fix a wage of 1
for these workers, and there is no incidence of payroll taxesy#&ort on it. These
fixed cost activities can also be interpreted as a homogeneousediate input
produced under constant returns to scale.

The physical labor demand(b,¢, , is given by equation (1.20); in which
the first term in the right-hand side is the per period fixast and the last term of the

right-hand side represents the labor used in the variable cost activities.

Mb, o) =1 +dalh) (1.20)

The firm productivity® (s) is a random variable defined as the output

produced by dollar spent on the wage bill, se= ¢, /b, which is the inverse of the

marginal cost, and is a continuous functionnm,(, ).

Autarky

From the consumer expenditure minimization problem, the demand fourve

3t is crucial to the model that the amount paideach type of fixed cost be the same for all firms,
otherwise there's no guarantee of the existengemdral equilibrium in the model.

“Davis and Harrigan (2007) defined a similar vagalt; = ¢, /W, , which was the inverse of the
marginal cost in their model.

33



firm i output that is priceg; is given by equation (1.21), in whi€his the aggregate
production level of the economyy € (0,1) is the parameter of the CES part of the
worker utility, like in Dixit and Stiglitz (1977), andt = (1- p)™* > 1 is the elasticity

of substitution across goods.

q = [ﬂ} Q (1.21)

Firm i maximizes its profit, equation (1.22), by choosing the gricgven by

equation (1.23), i.e. the price is a mark-up on the marginal cost.

m=po—-f-h i (1.22)
b 1

pp=——=——7= (2.23)
PP PS

Firm i chooses to hire formal employees for its variable costites if and

for

only if expected profit £, ) of employing them is larger than the expected profit

inf
(7 iIn

) of employing informal workers. Since labor is homogeneous, the only
difference between the two types of workers resides on the bithgThus, firms will

choose the cheapest labor contract, and in equilibrium, firms woa'bbth formal
and informal workers. Firmi will hire only formal workers ifb™ <hb™, hereafter
called a formal firm. Otherwise firms will hire only infoalhworkers and will be
called an informal firm. This mechanism used to generate ifojobs would also
work in other models that display wage heterogeneity. Noticemhiagn express this

inequality in terms of the wage received by the workers. Finmll hire formal

workers if
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w >
A=T

=X (1.24)
or, in terms of monitoring productivity,

O-A+T _ i 1.5
S(A-T) (1.25)

m >m, +

Hence, in autarky the firm monitoring productivity will detenmithe type of
labor contract it offers. In order to have both formal and in&brjpbs in the

economy, | need the technical assumptiongdtt and 8> A —-T, which guarantee
the existence of an interval off > ;% in which the expected wage bill of an informal

worker is smaller than the expected wage bill of a formal worker.

In figure (1.3), both the formal and informal expected wage bill fanstare

plotted. We can see that=min{b™ ,b"} is a continuous and bijective function of
m . Additionally, informal jobs will be generated by low wage firniie lowest
wage received by a worker employed in variable cost actwuitybe w,, i.e. 1, and

the respective wage bill (also the lowest) will hesince this worker will have an
informal job.

The wage cutoffy, is decreasing i, as a consequence it is also decreasing

in 7 and ¢, which means that either an increase in the fine or an incnedbe
likelihood of an audit will decrease the cutoff and therefores#teof firms offering
informal labor contracts gets smaller, implying a decrease in thenality share. On
the other hand, an increase in either one of the payroll taxestéeadsncrease i,
enlarging the set of firms offering informal labor contractsthie enforcement

probability ) goes to one there will be no firms offering informal lalbontracts.
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These properties are in line with findings that both taxation @nenforcement are
determinants of informal economy (cf. Schneider and Enste, 2000).

The fixed cost activity implies that in equilibrium not allnis will be
producing because some firms will make negative profits andhexihtirket as soon
as they observe their drawmfande. The active firms are the ones with productivity
above the threshold’, i.e. they make at least zero profit. The cumulative distribution
function of 5 is G(s)=Pr[S<s|] and its density is given bg(s) The equilibrium
density of firms with positive output in the autarkic economy is defined by:

)
u(s) = 16(s)’

se[s’,»)
Let M be the mass of firms, and the number of firms at any giweh ¢és is
Mg(s) as a consequence, the number of surviving firms is giveMp(s). The

variable’s is a measure of aggregate inverse marginal costs, and it will be fithiee if

o —1 uncentered moment qi(s) is finite, an assumption that is made here.

5)=| [ s“u(s)dsfl (1.26)

To determines” we use two equations relating average profits of the

successful entrantz() and the productivity of the marginal entrarsf . The first

equation is what Melitz (2003) called the free entry condition,(g&gn by equation
(1.27), which states that from an unbounded sekanteidentical firms, a sufficient
mass enters the market so that the average profits fromeznta} the fixed cost of

entry.
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Aw; (informal contract)
Twi+ & (formal
contract)

Figure 1.3 - Wagew;) and expected wage bilbf for formal and informal labor

contracts in autarky.
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77(5*) — L
T 1-G(s) (1.27)

The other condition is the zero cutoff productivity (ZCP), giveregyation

(2.28), which requires that the marginal entrant firms (the lesduptive active
firms) have variable profits£") equal to the per period fixed cost of production.

7= fx(s") (1.28)

K(s*)zf(s*)} a1

S*
The FE and ZCP equations fully determisg, and, as proven in Melitz

(2003) a unique solution exists. The next step is to solve for the nuzde] samely

the mass of firmsM, the average wagew, the unemployment ratey, and the

government transferdy. The first equation needed is the labor market clearing
equation. The labor force is divided into five elements, namely the uagatpl),

workers in fixed entry cost sectokef, workers in per-period fixed cost activities

(Lr), formal workers in variable cost activitied{"), and informal workers in

variable cost activities L{" ). The aggregate labor force constraint is given by
equation (1.29).
L=U+L,+Lg+ Ll +L (1.29)

In a steady state, the mass of active firms doesn't changthe mass of
entrants should be enough to replace the mass of firms thatege@ebad shock and
exited the market. The amount of labor used in the entry fixed amistity is

L, = oMf, and the level of employment in per-period fixed cost activitysdsMf.
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From the joint distribution of¢ ,m ), parameter®, 4, T, and the equilibriuns® we

can construct the equilibrium joint density of productivity and whidle ¢(¢,,b) .

The total employment in variable costs is given by the sunmeoffarmal workers
(L") and informal WorkersL(i/nf) in this activity:

w2 94 g i

L= [ [ stqﬁm,mdidhd% +

= 9G@)
M IAZS* LZ e ﬁ—_¢(¢i 'b|)d|dhd(0|
Equation (1.30) depicts that the labor market clearing conditiguantity terms is
L\flor L\,
1-u)L=M| &, +f +L—
o { M (1.30)

The total wages paid by each firm is given by its employresel times the

respective wage paid, as portrayed by equation (1.31).

W (5. 0,) = (2 = L Q(oP)” s (1.31)
¢| b ¢i

1
Then, we have to sum the wages paid over all active tionabtain the total
amount paid to variable cost activity worketsvi,). The total payments to labor

must also include payments to workers in the fixed cost acsivilie obtain the
average wagew ) we have to divide the total wages paid by the number pfagmred
workers, as shown in equation (1.32).

M
@L-u)L

W=

[(SFe + f)+1twp,] (1.32)
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All the taxes and fines collected are returned in a lumpisuall individuals

in the economy. So theer capitagovernment transfetr is:

. (tv—vfor + 0) L\f[or + néVvi”f Li:f
L

(1.33)
And from the efficiency wage problem, we obtain the relabetween the
unemployment rate and the average wage that is the fanutlast equation needed.

u_v_v—1+§em)
w-€

(1.34)
The proof of equilibrium existence is similar to Davis andrigan (2007)

and is omitted here. A solution of this system can be obtaipésblating ;M on

equation (1.30) and plugging it in equation (1.32) to obtinThen, withw and

equation (1.34) we can calculateTo obtainM we can plugu into equation (1.30).

Finally, tr can be solved for by pluggirig into equation (1.33).

Open economy

The world economy is composed by two identical courftieirade costs
consist of a per period fixed cost &f units of labol® and an iceberg variable export
cost, in which the firm shipg units (r > 1) and 1 unit arrives. The variable export
cost may include transportation costs and trade partner itapibid, for example. In
order to have some firms exporting and others not, Inasghe sufficient condition

of f, > f, which is also used in Baldwin (2005). An explanation ssiggeby him is

the existence of standards and regulations, also calledidectarriers to trade

“The results presented here are easily generalizet fi+1>2, symmetric countries.
In a similar fashion to the per period fixed costpeoduction, | assume that firms a wage of 1 to
workers in the export fixed cost actitvity, andriils no payroll tax incidence.
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(TBTs), which increase the fixed cost for exported unitse European Union
standards are examples of TBTs. A by-product of thisimggon is that every
exporting firm will also serve the domestic market.

The home and foreign governments monitor internationaé tbgdcollecting
information on who exports, quantity exported and pricesn iteescription, and
destination. This information can be matched to the firmglataxes data. So, if
firm i exports and there's no payroll taxes paid, probabilitynédreement for that
firm (&) will be one, and then it's not profitable for the firm todavormal workers
and export. If a firm is an exporter, government will alsow that it serves domestic
market and its employment level. Therefore, the possibiliteraploying formal
workers in the export orders and informal in domestic srderruled out. But,
informal firms serving domestic markets have the choicesobiming an exporter by
paying payroll taxes on all variable cost activity workers, phesper period export
fixed cost. Thus, this assumption generates the fact that nper lthe share of
exporting firms, the smaller the informality share.

The payroll tax enforcement rule can be specified inffardnt fashion by
making the audit likelihood an increasing function of the firmpleyyment level.
Since exporters are also large firms, a large share mérixg firms in a given
industry implies a smaller informality share. Since the contiparatatics using both
types of enforcement rules are similar, I'll use the firgc#jgation for sake of
simplicity.

The firms ex post profits in an open economy are given by

inf for for for

r=max{0,zy" 7z, , 7y +m, }, where z,(s )andr,(s )are the maximum profit
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from serving domestic and foreign markets respectivélgndans that the firm can
choose between staying out of the market, producing foredtic consumers using
informal workers, producing for domestic consumers udomgnal workers, or
producing for domestic and foreign consumers using fowoekers. The profit from
serving the foreign market has to take into account thengetx@ort variable cost,

and the export fixed codi,

b
7.(8) =maxp,Qy — f, - r;qxi (1.35)

The optimal price and quantity of the exported goodespactively
_ L _ /75 P foreign 17 foreign
pxi [)S ’ qxi |: r } Q (136)

The entry cutoff can be similarly defined a§.,=inf{s : z(s)>0}. The

export cutoff can be defined as

* for for for for inf

=inf{s : 7Y+ >z form >m’, andzY + 7Y > ") form <m’}

S

X, for
The first term applies to the firms whose monitoring proditgtimplies that
formal workers are always cheaper. The second terensréd firms that in autarky
would hire only informal workers, but now they have thdiapto comply with
payroll taxes in order to have access to foreign markaégsire (1.4) summarizes
some features of my model on the expected wage bill-ptivity space. The first

feature is the horizontal line & = Ay . Every firm with b > 1y (above the line)
offers only formal labor contracts, andbf < Ay (below the line) firms may offer

formal or informal labor contracts. The productivisy,can be represented as a ray

from the origin and its slope is the marginal cdst/{, ). The second feature is
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portraying which firms are active in the economy. So, efiemy located on the left

of the s, ., ray will exit the market as soon as they learn their [aire. ), and the

open
active firms will be on the right side of it.

Intuitively, the firms that will profit by becoming formal angperting are the
ones whose marginal cost will end up smaller than the maigpsatut off for export
even after adjusting; for payroll taxes. Since the difference between informdl a
formal wage bill decreases w, the borderline between the firms that will become
formal and export and the ones that will remain informal wmna ray starting at the
origin, i.e. it has an intercept different from théines. This borderline is the segment
AB depicted in figure (1.4). The line that contains the ggyment is described by
equation (1.37).

A A0
bI = % (Di =
TS( for T

(1.37)

On figure (1.4), the informal firms are the ones locateiden the polygon

ABCD. The exporters are located to the rightspf . We can see that in the open

economy the exporters are firms with larger size and ptivily. The firms
employing informal workers are small firms and there are atgall firms hiring

formal workers.

s

The economy structure is determined by the equilibriumegatdis, ., s

pen, *x, for ?
and their counterparts in the foreign economy. In stetadg squilibrium the density

of active firms is defined by:

__ 909 :
/uopen(s) - 1— G(S;pen) ' Se [Sopen’ OO)
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S*open

bl 1 S*xfor
Don't enter
Formal and
domestic Formal and export
AY Ve L ..
Don’
enter Informal
and domestic :
o | /o » Formal:and export
A LD A o ___._.
A
(T + H)S;,for ﬂZS; for @
Figure 1.4 - Physical productivitys) and expected wage bilbJ space and firms’

choice of labor contracts and markets served iopg@m economy.
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The probability of being an exporter is given By(exmrt) which is the

probability of a firm productivity being larger thahe export cutoffs,

x, for *

1 0 Az
Pr(export) = Topen) LZS; . L #(p;,b)dbdg, +
o 0
S T oo h)dbd (1.38)

+[ [5w6(n,b)dbdg]
The mass of exporter firms is given by, = Pr(export)M . The computation

of S is as before, equation (1.26), but now under e out off, S(s;,.). The

aggregate measure of productivity for exporterd vl S,. The overall average
across all domestic firms of combined profit (earned from both domestic and
export sales) is given by
7 = 74(S)+ Pr(export) 7, (S,) (1.39)

The zero cutoff productivity (ZCP) equation is nbwilt taking into account
the exporters profits from foreign market, as shawequation (1.40).

= fic(Sopen) + Pr(eXport) f,x(S; 1) (1.40)

() = {s(s)}

We obtain from the ratio of the zero profit coratis, wherer, (s )andr,(s)

are the domestic and foreign sales revenue, aarlaétween the entry cutoff in the

destination country and the export cutoff of thpaxer country.

r (S; for) (S;.for)cfl[ Pforeign]anoreign fx

forelgn( *, forelgn) ( *, forelgn)o— 1[prore|gn] Qforelgn f
open open
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*forelgn fx o
Sx for — open (Tj (141)

Similarly, for the foreign country,

*, forei n_ oreign* fx ﬁ
Sx ;or o f o Soper(TJ (142)

The free-entry condition (FE) equation is like dref in steady state a
sufficient mass of firms enters so that the ave@géts from entry equal the fixed
cost of entry, as depicted by equation (1.43).

_ &
T=——"— (1.43)
1- G(Sopen)

From the open economy ZCP and FE relations, empg{(1.40) and (1.43),

we obtain a system for home and foreign equatibatsdetermines in equilibrium the

pair (Sypen Sepen ™). This is so becauss; ,,, and s} (" are functions ofs}.o"

open X, for open

and s, .. respectively, as shown by equations (1.41) and2}1.Following Melitz

open

(2003) let's defingj(s) =[1-G(s)]x(s). Then, we can write the system as

F_J( pen)f+J(Sxfor)f ae:O
F2 — J(S* forelgn)f + J(S* forelgn) fx _51: —

open x, for

(1.44)

A solution to this system is a pair af,(,,, s;.o-°") such thatF, =F, =0.

open

This solution can be represented in #jg x s;.o*" space by the intersection of the

open

F, =0 and F, =0 schedules.

Proposition 1. There exists a solution to the system (1.44) aisduhique.

Proof. Let’s differentiate=; andF, at the lociF;=0 andF,=0 respectively.
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oF, Sx for
as:;pen W J (SX for foragn fx
foreign =TT @&
oS e 1 f
open F1=O as;pen J ( pen)
oF.
- — *, foreign
OSupen | _ ol _ J'(Sgpen
foreign - OF. - “Toreign
OSyren 2 N , foreigny Sk for
open F,=0 aS;pen J ( X, for * fX
Sopen

There will be an intersection if the schedulesehdiferent slopes.

6sopen foreign
Sk, *, foreign S 1
A 8Sopf°re'g" F1=O J ( X, for) for:gn X J (Sx for ) :re” fx
= *, foreign
as‘;pe” J ( open)f J (Sopen )f
! foreign
Sopen [ ,=0

=y * *
J (Sx, for) fxsx, for
*, foreign

j ’(S;pen) fSopen

Notice that0< <1 and a similar condition holds for the

foreign country, as a consequence, we have ® < 1, which implies that the
schedules intersect each other, i.e. the equifibrexists, and the intersection is

unique. These last two facts are due to the moreitpof the j(.) function as shown

in Melitz (2003).1
To solve for the model scale, we need the laborketeaclearing equation,
which now has to include the number of workers eygidl in the export fixed cost

activity (L., L,=M_f,). The number of workers employed in the variahbstc
activity, A,,, for firmi is given by equation (1.45), where the first teronresponds

to the number of workers employed by an exporting that would hire informal
workers in autarky; the second term correspondsitexporting firm that would hire
formal workers anyway. The last term refers toftimas that serve only the domestic

market, and they may use formal or informal workers
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(l+z‘ 7)

Q(Tquw) if w < yandwi; me 2 S, for
A (BL,o) = %q(%), if w,>yandg>s (1.45)
+q(§), else

With each firm level of employment in the varialdest activity, we can
calculate the overall demand for workers in theialde cost activity. The labor

market clearing condition is

inf Lfor
@—u)L =M| o, + f + Pr(export) f, + LI\;I +ﬁ} (1.46)

The equation (1.47) is the average wage that is obtained by adding the
fixed cost activity workers wage bill to the varlialrost activity total wage, which

now includes the export fixed cost workers andrthvaiges.

1
@L-u)L

tWR/ open

W= M| (SF. + f + Pr(export) f _—
W {( o+ f +Pr(export) f,) + v (1.47)

The last two equations needed are the relatiowdsst unemployment and
average wage, equation (1.33), and the equati@d)(1hat describes the government
transfers. The procedure to solve kbru, W, andtr is similar to the closed economy
case and the proof of equilibrium existence is ragémilar to Davis and Harrigan

(2007), and omitted here.

Comparative Statics

The effect of trade policy changes in the inforta@lor markets is assessed in
this paper by the impact of changes in foreign lamhe country import tariffs; and
£ respectively, on the share of informal workers andhe formal-informal wage

gap. The share of informal workers in the variaddst activity is defined as

48



CHE
L\f/or_i_Ll:f

share= O<share<1 (1.48)

The effect of a change im on the informality share is given by equation

(1.49). We can see thit, P, andQ can be factored out when calculating share,

because they are common factorsLifi and in L' . Thus, these terms are crossed

out, so the share is a function of the structuréhefeconomy ¢ ., ands; ) and
not of its scale.
dshar _ oshare, oshareds, i . oshareds, ., L4

dT ?foreign aT as; for aZ' as;pen aT ( ) 9)

The first term of the right-hand side is positive.decrease in the export
barriers leads to an increase in demand due tdugtien in the price paid by foreign
consumers. The current exporters will hire morenrworkers to cope with it. Then,
the share of informal workers decreases.

The second term on the right-hand side is posifivdecrease i decreases

*
X, for

the export cutoffs and some domestic firms will enter the foreign ke&rThese

new exporters will increase their formal employmemincrease production and in
some cases they will switch from informal to formaadrkers in order to export. As a
result, the informal share decreases.

The third term represents the effect of the fiexging the market and it is a

product of two effects. The first is that a decesesmarginal cost entry cutof,,,

ray rotates to the right in figure (1.4), makes tighest marginal cost active formal
and informal firms exit the market. Hence the numtfeformal and informal jobs

decrease and the effect on the informality shanedisterminate. The second effect is
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negative because a decrease in export variable owates the foreign market more

attractive for domestic firms by increasing theipected profits. As a consequence, a

decrease in the marginal cost entry cutoff (anease ins,

Sepen) IS Needed to re-

establish expected zero profits for new entrants.
Informality share is affected by changes #?*9" by the two channels

described in equation (1.50).

dshard _ dshare 8 .  dshare 0Sjen

foreign| * foreign * foreign
dr : 0S¢ OT OSypen OT

(1.50)

The first channel (term) is positive and it is #féect on the exporters that are

at the margin. A decrease in°®®®" increasess; " by the mechanism described

open
before, and through equation (1.40), it increaBesibmestic export cutoff, ., . As

a consequence, some firms exit the foreign mankétfme formal workers. Among
these firms, the ones witls < y will switch back to informal workers. The second
channel is the effect of ®9" changes on the domestic market entry cutoff. A

foreign

decrease inr reducess,,., because the increase in the domestic export cutoff

decrease the overall expected profits and tgn has to decrease to meet the zero

profit condition.

The sign of e depends on the joint density of wages and physical

Osopen
productivity, ¥(w;,ei), since there is a one-to-one relationship betweages W) and

monitoring ability (m), as dictated by equationl(@). All else equal, if there's more
informal firms in thes; ., ray, a rotation to the right (increasesf,,) would reduce

informal employment by more than the reductionhia formal employment, and the
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share would decrease. Now, changes in the pagaktand enforcement parameters

would alter the formal-informal wage cutoff, All else equal, a higher implies a

larger number of informal firms in thg ., ray, and as explained before, an increase
in s;,., would decrease the informal share. On the othed ha lowery could make

the informal share increase after an increass in.

A conservative, approach in specifying suffici@ainditions to circumvent
this sign indeterminacy is imposing conditions tai likely to hold in real life, and
when there's no such guidance, opt for restrictibasseem plausible.

The partial derivatives of and7°*®" on the variables describing the economy
structure are calculating using the Cramér rule fiilst step is to find the sign of the
Jacobean matrix of the system of equations thatribesthe economy structure,
which is proved in Lemma 1 to be positive.

Lemma 1. The determinant of the Jacobean matrix of the sy$1e44) is positive.

Proof. See Appendix.

The next step is finding the signs of the padiadivatives ofs, .. ands;

open X, for

with respect tarand 2°®9" which are done in Lemma 2 and 3 respectively.

foreign foreign

i 0
Lemma 2. For dz ™" =0, we have™= <0, &= 50 S 5 0 and 2" < Q)

Proof. See Appendix.

foreign
Osopen

0 en or o fg;e\gn
Lemma 3. For dz =0, we have—25: > 0, ~%- <0, f:o,;gn <0, and &= 5 0,

or fore\gn

Proof. See Appendix.
Now, in Proposition2 we can calculate the modeldpmtions about the share

of informal workers.
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Proposition 2. If the sufficient conditions (S1)-(S4) hold, a dé&se i implies a

decrease in the informal sha(éithafﬂ?m,e‘gg 0) and a decrease in""®" increases the

informal sharg(-dshare

dr foreign

<0)

T

oY (o, W)

(S1) 8‘Pgo,w)

<0; (S2) <0; (S3) >3 (S4) y > r(%j“

Proof. See Appendix.
The above conditions assure that two positive dtieg) terms inside

dshar _dshare

dr ﬂz—_ foreign dr foreign

) will be larger in absolute value than the exp@sshat contain

T

the %ﬂfe negative (positive) term. In other words, the amaaf workers affected by

changes in the export side of the economy is largrigh to overcome what happens
in the import side of the economy.

Condition (S1) imply that given a level of expettegage bill, it's more likely
to find a firm with low physical productivity thawith high physical productivity,
which is what is found in the empirical literatiakout productivity and firm size, as
discussed in Melitz (2003). Condition (S2) stateat tgiven a level of physical
productivity, a low-wage firm is more likely to etithan a high-wage firm. Both
conditions (S1) and (S2) are met by the widely uBaektodistribution, for example.

Condition (S3) is reasonable since Broda et 8082 using trade data at HS-4
level of aggregation estimated the elasticity dissilution and found a median above
3 for 15 developing countries, among them severakitin America. Notice that my
model is set in a much more disaggregated levelwsoshould expect these

elasticities to increase in more disaggregated.leve
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The last condition, (S4), means that in orderaweehthe proposition results we
need the informal labor market to have at leastréam size. And this condition is
likely to be met as long a$, is not much larger than

The effect of a symmetric decrease in trade vhriabst would be given by

the sum of equations (1.49) and (1.50).

dshare dsharg dsharj (1.54)

d T d T ?foreign d T foreig

Notice again that the sign of2e s indeterminate, unless we impose the

same sufficiency conditions as done before.

foreign

Proposition 3. A symmetric decrease inand 7 decreases the share of informal
workers if conditions (S1)-(S4) are met.

Proof. From Lemmas (5), (6) and (7) we can see thateaimas from dsgffﬂrfo,mgn are

larger in absolute value than the termsdﬂfgz{Tﬁ

. The sufficiency assumptions are the

T

oshare | oshare
>| az_foreign |

same used in the previous propositions, compléhtiagoroof that 5
T

The formal-informal wage gap is defined as théedénce between average

for

formal wage (") and average informal wag&t{"), as shown by equation (1.55).
Again, only the workers employed in variable costiities are considered in
calculations, and only the structure of the econaanyg not its scale, is what matters

for the wage gap.

for inf

5 1or —in tWR/,O en tWR/,O en
wagegaps W" - w" = Liorp " : (1.55)
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The effect ofr and 7°®%" on the formal-informal wage gap also suffers from
the sign ambiguity, but now not only through thentner of formal and informal
workers but also through the total wages paid to&b and informal workers. Thus
the assumptions made here are somewhat simildret@nes used in the informal
share propositions, but they're now tailored tgoacsic joint density of ¢,m) or
(W)

Proposition 4. If conditions (W1)-(W3) hold, a decreaserinecreases the formal-

foreign

informal wage gag ‘Mzﬂ‘[ increases the formal-

o> 0) @nda decrease irr
H dwagega

informal wage gag df#g" <0).

(W1) ¢ and w are independently Pareto distributed in whik, , k, > o > 2 are

the scale parameters respectively.

w2y fatke Bor ™ gy T k) g
K +K, +1 [1— ] (k, +k, +1)

Proof. See Appendix.

Assumption (W1) is a particular case of assumpgti¢®l) and (S2) used
before, and the conditions dq and k, are needed for the existence of first moments

of both ¢ andw. The last two conditions, (W2) and (W3), are useduarantee that

*
X, for

a decrease in total wage paid to informal workers @ a change is Is smaller

than the induced variation in the number of infdrmarkers times the average wage.
In other words, the informal jobs destroyed are dmes with wages below the

informal average wage.

The total effect in the symmetric changezinand = °*°" on the wage gap is
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given by equation (1.56).

dwagegap dwagegap . dwagegap

dT dT |?foreign dT forelgn

(1.56)

Proposition 5. A symmetric decrease im and in 7" decrease the formal-
informal wage gap %229« 0) if conditions (W1)-(W3) hold.

foreign

Proof. In the symmetric case, we have that ¢ and

d(v—vfor _V—vinf) B d(v—vfor _V—vinf)
dr dr

o for _ ginf
N d(w w™)

foreign
z—_foreign d T =

T

From the lemmas (5), (6) and (7) we can see tleati¢hivatives with respect to are

larger than the ones with respecttg?". ®

Under some plausible assumptions on the jointibligton of physical and
monitoring productivities and on the payroll taxdaenforcement parameters, the
model predictions are that a decrease in home impwiffs increases both the
informality share and the formal-informal wage gaphome whereas a decrease in

foreign tariffs has the opposite effect.

Final Remarks

In this chapter | presented a novel theoreticalehan which trade policy
changes do affect informal labor markets, whichoemgasses a significant amount of
workers in developing countries. The first novedttee of my theoretical model is
that informal labor markets arise endogenously tdugayroll taxes, which has been
identified as the most important reason for infditpaMy model is able to generate

several stylized facts such as informality in evamgustry of the economy, so
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informality is not industry specific, and it doesntequire workers to be
heterogeneous, i.e. informality is not a functioh tbe workers characteristics.
Moreover, the theoretical model displays a positbegrelation between size and
formality, and small firms do not export and do abhthire informal workers, in fact,
the high wage small firms prefer formal workergtéathat are supported by empirical
evidence.

Changes in trade policy impact two labor marketcomes related to
informality: the share of informal workers and farinformal wage gap at the
industry level. This impact works through affectitige distribution of active and
exporting firms and the quantity produced by each.fThe trade policy instruments
considered are import tariffs and trade partneroirniariff (export barriers).

From the comparative statics of the model, a deserén import tariffs leads to
an increase in the share of informal workers anithénformal-informal wage gap. A
reduction in export barriers decreases both thernmdlity share and the wage gap.
The latter is another novel feature of my modet ties very important implications.
We can see that the effect of the export barrierdraopposite effect to the import
barriers. Therefore, if both effects have similaagmitudes but opposite directions,
when the effects of trade liberalization on eittiner informality share or the wage gap

is estimated omitting the export barriers variakiklead to no estimated effect.
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Chapter 2 - Trade Liberalization and Informal Labtarkets:
Empirical Assessment

The comparative statics of my theoretical modeljle testable predictions
of the effects of import tariffs and export barsiemn the share of informal workers
and on the formal-informal wage gap. | use the 12831 Brazilian trade
liberalization to estimate theses effects.

The Brazilian trade liberalization episode is ayvgood candidate for
empirical investigation for several reasons. Finstormal workers are clearly and
directly identified in the data as the individuateose employers do not pay payroll
taxes. In addition, Brazil went through a majorrdase in import tariffs that started
in 1989. Later, in the 1990s, its trade partnersretesed their import tariffs on
Brazilian goods. As a result, manufacturing imponisreased by more than 200%
and so did exports by 68%. Finally, Brazilian lalbwstitutions didn't change in this
period, which is a nice feature since several ammtthat went on a trade
liberalization program also reformed labor reguias.

The data used consists of industry level Brazikeml foreign tariffs, and
Brazilian household surveys in the form of repeat@ss-sections between 1989 and
2001. The surveys contain workers demographic angdlayment characteristics
including industry affiliation and informality stad.

| assessed the effect of Brazilian and foreigiffsann the industry-level share
of informal workers by estimating a linear probapimodel using worker level data,
in which the dependent variable is the informalgtatus indicator. Given the

possibility of selection into informality based @bservables, | control for the
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workers observable characteristics available inda@. My findings indicate that
reducing within industry Brazilian import tariff bg percentage point increased
informal share by 0.8 percentage points. On therottand, a percentage point
decrease in foreign tariff reduces informality hy @ercentage points. Both effects
have the same signs as predicted by my model hednhagnitudes are plausible.

To test the formal-informal wage gap predictiorfellow the standard two-
step procedure in the wage inequality literatunethk first step, | estimate a Mincer-
type earnings equation for each year of the samyiere the industry-level formal-
informal gap is given by the estimated coefficiehthe interaction between formality
indicator and the industry affiliation indicaton the second step, the estimated wage
gap is regressed on Brazilian and foreign tariffsaddition to year and industry
effects. | also find strong support for my modelehe one percentage point decrease
in own tariff increases the wage gap by 0.4 peaggnpoint and a 1 percentage point
decrease in the foreign tariffs decreases the g&plly percentage points.

An important finding is that the Brazilian impa#riff is endogenous with
respect to informal share and formal-informal wggp. To circumvent this problem,
| use an instrumental variable approach, and tsgument used is the liberalization
path of a similar country.

Last, but not least, my findings are not robugh®omission of foreign tariffs
from the estimated model. This fact highlights timportance of not neglecting this

source of gains as many studies of trade reforms do
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Description of the data

Workers data

It is not easy to obtain data about informal labontracts because of their
illegal nature. However, in Brazil there are anncass-section household surveys
that ask the workers questions about their job &itgnstatus in addition to questions
about demographic and employment characteristiossd surveys are called PNAD-
Pesquisa Nacional por Amostra de Domicilios and cameducted by the IBGE-
Instituto Brasileiro de Geografia e Estatisticaalian Bureau of Geography and
Statistics). They cover the whole country excepalrareas of the Northern Region
(less than 5% of Brazilian population and no mactwi@ng). PNAD is not conducted
in the years in which there's census survey (19@12800) and it was not conducted
in 1994. To fill the gap for 1991 and 2000, | uskd Brazilian census microdata
sample for 1991 and 2000, which asks the sameigosesis PNAD. The census data
came from IPUMS-International (Minnesota Populatitenter, 2007). The data used
in this paper covers from 1989 to 2001, but excguti?o4.

There are two important issues regarding the incesthe workers have to
reveal the truth in the survey informality statusestions. The first is that the
information provided by the interviewed person @nftdential and according to
Brazilian Law, it can't be used as evidence in toburthermore, in Brazil the
informal worker suffers no fine, imprisonment owyasther penalty when caught by
the authorities, only the employer suffers pensltiehe second issue is that the
worker knows about her informal status, i.e. itc@mmon knowledge when the

employer pays social security contributions becam®rding to Brazilian law the

59



employee pays a share of the social security dariton, which is deducted from her
wage. The work card is signed by the employer dutive hiring process and then
returned to the worker, who uses it as a proohgbleyment.

The workers characteristics used in this paper agre, gender, years of
education, industry affiliation, monthly wage, hsuasually worked in a week,
informality status according to employer socials#ég contributions. | discarded all
observations with missing data in any of the befosntioned variables. My sample
includes only employees, so employers and self-eyegl people are excluded from
my sample. | consider only workers between 15 dngleé@irs-of-age. This sample cut
was chosen to avoid workers that are informal feingp too young to be a formal
worker (must be at least 14 years-of-age) and pe®gkiving social security benefits
and as a consequence are not authorized to wamafiyr (older than 65 years-of-
age). When a worker had multiple jobs, | consideyely the main or primary job
hourly wage (built as the monthly wage divided byrftimes the hours worked per
week). The total number of observations is 767,087.

The industry aggregation level used in this papedictated by PNAD
industry classification, which consists of 16 mautfiring industries, but is not as
coarse as the 2-digit ISIC classification, and a¢ as disaggregated as the 3-digit
ISIC. The industry classification is depicted obl¢a(2.1) with their equivalence to
IBGE Nivel 50industry classification, which is used in Brazilianport tariffs, and 3-

digit ISIC classification, which is used in intetiomal trade data and tariffs.
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IBGE

Industry in PNAD-Census data Nivel50 ISIC3
Nonmetallic Mineral Product 4 361-2,369
Metals Production and Processing 5,6,7 371-2,381
Machinery, Equipment and Commercial Installatiorcliiding parts) 8 382
Electrical and Electronic Equipment 10,11 383
Automobile, Truck and Bus (including parts) 21 384

Wood Sawing and Wood Products 14 121-2,331-2
Pulp and Paper Production, Paper Products, PriatidgPublishing 15 341-2
Rubber Product 16 355
Non-petrochemical Chemical and Fertilizer 17,19 513
Pharmaceutical, Perfume, Soap, Detergent, and €andl| 20 352
Plastic Products 21 356
Textiles 22 321
Apparel 23 322
Footwear and leather products 24 323-4
Coffee, Food, Beverage, Animal Feed and Tobaccasinigs 2510 31 311 to 314

Table 2.1 — Equivalence among PNAD/Census manufagtindustry classification

and IBGE Nivel50 and ISIC3 classifications.
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The informality indicator constructed is based tre social security
contribution status, i.e. theformal variable is "1" if the worker employer doesn't pay
social security contributions, and "0" otherwisdneTshare of informal worker in
industryi and yeatt according to each criterion consists of the weidraverage of
the informality indicator, and the weights are siaenple weights provided by PNAD-
Census.

The job informality questions have very few migsiobservations that
account for three tenths of a percentage poinache/ear of the sample. However,
the missing observations tend to be concentratedniy one industry: petroleum
refining and petrochemicals, in which at leastgercent of observations are missing
every year. Thus, | decided to exclude this seftton my analysis because | do not
believe it would cause any impact in the resulteesiit is a sector that employs a
small number of workers and most of it is compdsgdovernment owned firms.

The formal-informal wage gap of indusirin yeart consists of the difference
between the average formal wage and the averagemafl wage. So, the wage gap
measured here is the difference in the hourly widge can be attributed to the
formality status, i.e. after we control for workebservable characteristics that can
also influence the wage such as education and iexger gender, color and industry
affiliation. Experience is not observable in outajadhus | adopt the standard solution
in the literature that is control for the age atsdsiquare. To obtain the wage gap we
need to estimate equation (2.1) by weighted OLS¥ery year in my data set, using

the PNAD/Census sample weights.

In(wags, ) = B, + Sage, + ﬂzangk + B;male, + B,edug, + giblack, +

+y, *industry; +v, * @—inf ormal, ) *industry + &, @D
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in which age, is the age in years of pers@nworking in industryj, male is an

indicator if persork is a malegducis the number of years of formal schoolibtack

is an indicator if persork is black, industry; is a vector of industry affiliation

indicators, andnformaly is an indicator if persok works under an informal labor
contract in industry.

The estimated wage gap is given by the vectomwefficients y,, and it can
be interpreted as the average percentage increade iwage that a worker would
receive by having a formal instead of an informahtcact. These coefficients and
their estimated standard errors are normalizechbyHaisken-DeNew and Schmidt
(1997) two-step restricted least square procedure.inverse of these standard error
estimates will be used as weights when wage géyeidependent variable.

Table (2.2) reports the estimated coefficientssklected years of the sample.
The results indicate that wages are increasingénaad in years of education. Males
receive wages at least 28 percent higher than é&mmBbrmal workers in the apparel
industry receive a wage 24 percent higher tharrimébworkers in 1987 for example.
The wage gap estimated coefficients are jointlyigteally significant for all years,

nevertheless some might not be significant in speaes.
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Dependent Variable : log(hourly wage)

Independent Variables (1) (2) (3) (4)
Formal*apparel 0.243** 0.290*** 0.170%** 0.126*+*
(0.061) (0.040) (0.051) (0.036)
Formal*metal production 0.581*** 0.537*** 0.361*** 0.366***
(0.080) (0.066) (0.042) (0.040)
Age 0.086*** 0.077** 0.078*** 0.072%*
(0.004) (0.003) (0.003) (0.003)
Agé? -0.001*** -0.001*** -0.001*** -0.001***
(0.000) (0.000) (0.000) (0.000)
Male 0.305*** 0.328*** 0.319*** 0.279**
(0.017) (0.015) (0.014) (0.013)
Black -0.192%** -0.105%*** -0.156*** -0.106***
(0.028) (0.027) (0.024) (0.021)
Years of education 0.088*** 0.104*** 0.106*** 0.096*
(0.002) (0.002) (0.002) (0.002)
Observations 13271 12816 12951 13639
R-squared 0.435 0.498 0.512 0.467
Year 1989 1993 1997 2001

Standard errors in parentheses, *** p<0.01, ** @8).* p<0.1. Sample weights used.
Industry effects and their interaction with forniradicator included in all regressions.
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Trade data

The data about Brazilian import tariffsat Nivel 50 aggregation comes from
Kume et al. (2003). The data is aggregated by ingwslue-added, and it encompass
the 1987-2001 period. | further aggregated theffsamto my 15 manufacturing
industries, using the industry value added as Keta. (2003).

The tariffs faced by Brazilian exporters vary adoag to each trade partner.
Data availability constrained the choice of parsnased in the empirical analysis,
which are Argentina, China, Japan, USA, Francédy,l@ermany, United Kingdom,
Belgium-Luxemburg, Netherlands, Portugal and Spéirey account for more than
60 % of all Brazilian exports in the 1989-2001 pdri

For every country, except Argentina, data at 3td8jC level was obtained
from the Trade, Production, and Protection 1974620 Nicita and Olarreaga

(2006), from which | used thear _savg_mfn series that is the simple average tariff

rate in percentage points that must be paid fogtoa at the border of the importing
country by a most favored nation (MFN). This tanféasure can be understood as an
upper bound of the tariffs imposed on Brazilianducts. Each partner export tariff
data was aggregated into my 15 industries claasibic by simple average. There is
no data for the 1989-1991 period for China, scsbiaged that in these years the tariff
level was the same as 1992.

The Argentinean import tariffs on Brazilian protkidata at 4-digit ISIC level
for the 1991-2001 period comes from Freund et 2008). This data was first

aggregated into 3-digit ISIC level by simple averamd then aggregated into my 15

18A 20% import tariff is expressed as 0.20.
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industries classification by simple average, agéhe data for 1990 at 3-digit ISIC
level comes from Liftschitz (1991), and it was alssed for 1989, since there's no
data for this year. The partners import tariffs evaggregated across partners by
industries using simple average.

The U.S. dollar is the predominant currency usefibieign trade transactions
in Brazil. The nominal exchange rate data comes ftbe Brazilian Central Bank
(Banco Central do Brasil), and it is the mid-mobit!s. dollar per Brazilian currency
unit. To calculate the real exchange rate faced Byazilian manufacturer, | used the
IPA-OG (indice de Precos por Atacado - Oferta Glplweholesale price index
calculated by Fundacdo Getulio Vargas as the Baazproducers price index, and
for U.S. the Producer Price Index calculated by th8. Census Bureau. | chose
August of 1994 as the base month, which means IBAa@d PPI are rebased to be
equal to one at this date. The calculations arélasirto Muendler (2004), but my
series range from 1989 to 2001.

The Colombian import tariff data for 1983-1998 @ifnom the Colombian
National Planning Department (DNP) and are aggeebatt 4-digit ISIC, using
number of tariff lines as weights. | further aggregl it to my industry classification

by simple average.

Estimations and Results

First, | investigate the model prediction on theare of informal workers.
Next, the predictions about formal-informal wage geie assessed, and last, but not

least, | present some robustness checks of thefispgans estimated. Throughout
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this section, | assume thatand 7°®9" contain only foreign countries import tariffs

(hereafter called export tariffs) and Brazilian onjptariffs respectively.

Share of informal workers

The first empirical exercise conducted is to eaterthe effects of changes in
¢ and 7°®" on the share of informal workers. The empiricahtsigy used to
estimate these effects comes from equation (1rb#)e theoretical model. As seen in
the previous section, the observable charactesistidormal and informal workers
are not equal. A problem on the consistency ofregis from equation (1.54) using a
constructed informality share directly from theamhal indicator arises if there's
selection into informal jobs based on the obseesahbracteristics of the worker. So,
I'll estimate a worker level pooled cross-sectiegression in which the dependent
variable is the informality indicatorinformaly, which incorporates the workers
characteristics. In this specification, the infotrslaare is interpreted as the sum of all
the workers expected job formality status. Thus,iramease in the likelihood of
having an informal job is translated as an increagbe expected share of informal

workers.

The specification used is described by equatioB),(2vhere extar, is the
export tariff faced by Brazilian made goods in igtiyj in yeart, imptar, is the
import tariff faced by foreign produced goods idustryj in yeart, year, is a vector

of year specific dummy variablesndustry; is a vector of industry indicators,

characterigtics;, is a matrix of worker observable characteristizshsas age, age

years of education, male indicator and black indicaand ¢, is the unobservable

ijt
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error term. All estimations using the informal icalior as dependent variable used the
PNAD/Census sample weights. The standard erraiseaéstimated coefficients were
clustered on industry by year. Proposition (2) mtsdthat a decrease in Brazilian
import tariffs °*®'9" increases the share of informal workers wheredscaease in
export tariffs faced by Brazilian producerg @lecrease the informality share, thus

B, >0 and S, <0 are expected.

inf ormal, = g, + Bextar, + gimptar, +a *year, +

(2.2)

+y*industry ; +y *characterigtics;

+é&

Year effects were included in the estimated madetontrol for economy-
wide shocks, such as business cycles. Consideca$e that business cycle could
affect independently informal share and importffigrie.g. suppose in recessions
firms employing formal workers are more likely teduce employment and at the
same time government raises tariffs in respongedessions, as a result a spurious
relation between tariffs and informal share would found unless the estimated
model contains year effects.

Furthermore, some industry specific charactensiitables that are correlated
with right-hand side variables may have been onhited this could lead to an
omitted variable bias and inconsistent estimataze @xample is across industry
differences in the likelihood of government audithis can happen because of either
political economy reasons or easiness in hidingaijmas, since it is easier to hide an
apparel firm which can vary a lot in size than hadsteel mill, which can't be small

due to technological constraints. As long as thedastry characteristics are stable

over time, a vector of industry dummiesdustry, ) is added to the regression to
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tackle this problem. Thus, the identification gf and £, will come from within

industry variation in these tariffs over time.

Table (2.3) reports the OLS estimates of equafib) in column (1), in
which the estimated import and export tariff coménts were not statistically
significant. A percentage point decrease in impariffs implies an increases the
likelihood of becoming an informal worker by 0.28rpentage points, or equivalently
an increase of 0.28 percentage points in the irdbshare. For a similar change in
export tariffs the effect is an increase in infolitgeshare of 0.03 percentage points.

A major concern is the endogeneity of the imparifftvariable. One reason is
the way the import tariffs were aggregated, becdlisevalue added by industry is
jointly determined with the share of informal workeand the average formal and
informal wages. A second reason is when governmess disutility over
unemployment and is indifferent if jobs are formainformal. In this case, one could
expect larger import tariffs cut in industries irniah it is possible to have a large
share of workers in informality. Thus, there wolle a reverse causation between
import tariffs and informality variables. A thirceaison is from a public finance
perspective. A decrease in import tariffs destréysnal jobs and decreases the
payroll tax revenues. The government can respondntreasing enforcement or
raising payroll taxes to increase revenues. Althaihg latter didn't happen in Brazil,
the former is unobservableand will be correlated with import tariffs. Fihglthere
may exist other time varying factors affecting bestiare of informal workers and

import tariffs. To cope with these issues | empdoyinstrumental variable approach.

YAs discussed earlier, the only evidence availabléhe increase in the number of firms visited by
auditors during trade liberalization in Brazil.
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Independent Variables

€))

Dependent Variable: informal job indicator

)

(©)

(4)

Import tariff -0.280 -0.795%** -0.803*** -0.728***
(0.231) (0.232) (0.241) (0.169)
Export tariff -0.033 0.349** 0.356** 0.294**
(0.100) (0.161) (0.167) (0.144)
Technique OoLS 2SLS 2SLS 2SLS
Observations 767087 767087 767087 767087
Under identification test (Kleibergen-Paap rk LMtsttic) 4.70% 4.47+ 7.24%*
[0.030] [0.034] [0.027]
Weak identification test Kleibergen-Paap rk Walsit&tistic 159021 152138 93855
Stock-Yogo 10% max IV size critical values 16.38 16.38 19.93
Hausman Endogeneity Test 8.918" 8.892% 6.376™
[0.003] [0.003] [0.012]
Hansen Over identification test 0.913
[0.339]
1% stageF statistic 316821 312812 315631
Instruments (estimated coefficients in thiksiage)
Colombian tariff 0.426*** 4.587***
(0.001) (0.029)
Real exchange rate*Colombian tariff 0.326*** -3.238%**
(0.001) (0.023)

Standard errors clustered on industry by year tedan parentheses, *** p<0.01, ** p<0.05, * p<Optyalues in brackets
Year and industry effects, worker characteristica] a constant were included in every stage @&stiimated models. Sample weights used.

Table 2.3 - Linear probability of model of having iaformal job.

70



Both Brazil and Colombia pursued an import substih policy in the recent
past. Then, in a certain moment, they decided gag® in a trade liberalization of the
manufacturing sector. Colombia's trade liberal@astarted after 1984 ended by the
middle of the 1990s. The use of lagged Colombiagporntariffs as instruments for
the Brazilian import tariffs is based on the idbattthe change in trade policy that
happened in both countries had two components.fif$teis a trade liberalization
motive, which leads to a decrease in all tariffise Becond is the effect of the local
informal labor market on the trade policy, where tbverse causation comes from.
To be a valid instrument, the correlation betweka €Colombian tariff and the
Brazilian tariff should only come from the tradbdralization component. According
to Goldberg and Pavcnik (2005, p. 78) the Colomigamernment conducted the
trade liberalization to achieve a somewhat unifaeniff rate negotiated with the
WTO, to be more precise the agreement was to hawvefarm tariff of 13% across
industries. As a consequence, Colombian policy-msakeere less able to let
informality concerns affect the tariff reductionhds, | believe that the effect of
Colombian informal labor market on the Colombiarpart tariffs is not correlated
with the effect of the Brazilian informal labor rkat on the Brazilian import tariffs.

The 1984 Colombian tariff level will be considerad the pre-reform level
and I'll match the 1984 Colombian tariffs to 198@&aAlian tariffs, and so on. The use
of a five year lagged tariffs has the advantage cbatemporaneous Brazilian tariffs
wouldn't affect past Colombian tariffs. They prasamaw correlation of 0.5. In the
estimates, I'll use the Colombian tariffs and itdeiaction with Brazilian real

exchange ratesdr;) as instruments. The use of this interaction lsriagother source

71



of exogenous variation, real exchange rate, whitecis trade and is industry-
invariant.

The 2SLS estimates of equation (2.2) are repantedlumns (2), (3), and (4)
of table (2.3). In all three specifications theirasted coefficients had the expected
signs, were statistically significant and similamnagnitude. The results from column
(2) can be interpreted as follows. A percentagentpdecrease in import tariffs
increases the informal share by 0.8 percentagagaimd a percentage point decrease
in export tariffs decreases the share by 0.35 p&ge points. The magnitude of this
estimates are reasonable. Using the average decieasmport tariffs of 22
percentage points and the average decrease int@apéirof 10 percentage points,
we would expect an increase in the informal shgrébpercentage points while the
observed increase was 9 percentage points, whiokige the confidence interval of
our estimate.

The exogeneity of import tariffs were rejected the 5% level in all
specifications by the Hausman test. There was jectien in the over-identification
test for model (4), which is the only over-iderdgdi model estimated. The first stage
variation occurs at the industry-year level, soribgt econometrics tests involve the
first stage estimates, and they were calculateth ffiost stage estimates without
clustering the standard error on industry by yelme instruments used were
statistically significant in the first stage regiesms, and theiF-statistics were above
10 and very large indeed. One may suspect thatldbisresult is due to the large
number of included instruments, however the KleigbePaap test of under-

identification rejected the hull hypothesis of urdkentification in the first stage at
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the 5% level in all specifications. The under-idigcdation occurs when the matrix of
included and excluded instruments does not havedioik.

The next concern is relative to weak instrumeimds k assessed by calculating
the weak identification Kleibergen-Paap rK Wadlestatistic. The values obtained
were superior to the Stock-Yogo 10% maximum |V sidgcal values. It means that
the null hypothesis of a bias larger than 10% dueeak instruments was rejected.
So far the results supported strongly the predistifvom the theoretical model. To
calculate how much of the variation in informalitylicator the estimated model can
explain, | used Wooldridge (2002, p. 465) suggestmfind the percent of correctly
predicted outcome. If the predicted probabilityhafving an informal job is larger
than 0.5, I'll assume that the individual has dormal job, otherwise the individual
has an informal job. The estimated model in coly&)nwas able to explain 12% of
the variation in the informality indicator, which reasonable given the dichotomous

nature of the informal indicator.

Formal-informal wage gap

The other informal labor market outcome we arerggted in is the formal-
informal wage gap. Equation (2.3) describes theciipation used to assess the
impact of trade policy changes on the estimatedevgggp. Proposition (4) states that
a decrease in Brazilian import tariff€°'") increases the wage gap and a decrease in
export tariffs ¢) decrease the wage gap, thds>0 and S, <0 are expected. The
motivation for including year and industry effeet® the same as before and again it
may be the case that import tariffs are endogenous.

— . .
wagegap = S, + extar, + gimptar, +a*year, +y*industry,; +&; (2.3)
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Table (2.4) reports the estimates of equation) (/30LS in column (1) and
by 2SLS in columns (2), (3), and (4). The estimat&ahdard errors are robust to
heteroskedasticity and autocorrelation. In allreates the weights used were the
inverse of the estimated wage gap standard erftws.tariff coefficient estimates
reported in column (1) were not statistically sfgrint and didn't have the expected
signs. The 2SLS estimates of the import and extaiff coefficients were all
statistically significant at 5% level, had the esieel signs and were similar in
magnitude across specifications. The estimatedicgits in column (2) indicate an
increase of 0.4 percentage point in the wage gap feercentage point decrease in
import tariffs, and a 0.17 increase in wage gapafgrercentage point decrease in
export tariffs. The model in column (2) is ableatlmcount for 50% of the variation in
the formal-informal wage gap.

The exogeneity of import tariffs was rejected bg Hausman test in all three
2SLS specifications. The first stafestatistics were larger than ten and the excluded
instruments were significant at 5% level in coluni@y and (3), but not in column
(4). 1 suspect this lack of statistical significarammes from colinearity between them
since they were jointly statistically significanthe null hypothesis of under-
identification in the first stage using Kleibergeaap rk LM statistic was rejected for
all models. Moreover, the Kleibergen-Paap rK WAaldtatistic used in the weak
identification test was larger than the Stock-Yagtical values for all cases. So we
were able to reject the null hypothesis of weaktrimsents. The over-identified

model in column (4) presented no rejection in tla@asen over-identification test.
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Independent Variables

Dependent Variable: formal-informal wage gap

1) (2) ®) (4)

Import tariff 0.100 -0.403** -0.394** -0.406**
(0.103) (0.189) (0.191) (0.188)
Export tariff -0.055 0.169** 0.168** 0.170**
(0.113) (0.075) (0.075) (0.075)
Technique OoLS 2SLS 2SLS 2SLS
Observations 180 180 180 180
2" stageF statistic 414.6 219.21 9.371 7.168
Under identification test (Kleibergen-Paap rk LNtsttic) 46.519** 45,18+ 46.66***
[0.000] [0.000] [0.000]
Weak identification test Kleibergen-Paap rk Walst&tistic 54.86 52.70 2735
Stock-Yogo 10% max IV size critical values 16.38 16.38 19.93
Hausman Endogeneity Test 4.955™ 4.519* 5.064*
[0.026] [0.034] [0.024]
Hansen Over identification test 0.139
[0.710]
1° stageF statistic 80.01 82.34 79.79
Instruments (estimated coef. ifl dtage)
Colombian tariff 0.546*** 0.745
(0.177) (0.708)
Real exchange rate*Colombian tariff 0.394*+* -0.147
(0.132) (0.487)

Heteroscedasticity and autocorrelation robust stethdrrors in parentheses, *** p<0.01, ** p<0.05<0.1; p-values in brackets.
Year and industry effects and a constant were deauin every stage of all estimated models.

Weights used are the inverse of the wage gap dstihséandard errors.

Table 2.4 - Effect of tariffs on the formal-infori@age gap regressions.
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Robustness checks

The first robustness check of the informal shasults consists of dealing
with a possible different effect of education oe thkelihood of having an informal
job across industries, and it can be accountednfahe empirical specification by
including interactions between the years of edooatiariable and the industry
indicator vector. The estimates are reported iurook (1)-(4) of table (2.5). The
OLS estimates were again not statistically sigaiitc but | confirm that the 2SLS
estimates were significant and had the expectetssithe import tariff coefficients
were slightly smaller than before and the expaitftaoefficients decreased by one
third in relation to the results from table (2.B).all 2SLS regressions the Hausman
test rejected the exogeneity of the import tardfiable.

In the same line, | further augmented the previempirical specification by
incorporating interactions of age and male indicakith the industry indicator
vector. The estimates are reported in columnsa %8} of table (2.5). The estimated
tariff coefficients in the OLS estimate, column,(®)ere not statistically significant
again. As before, the 2SLS estimates were signifiaad had the expected signs. The

Hausman tests rejected the exogeneity of the intaoft coefficients.
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Independent Variables Dependent Variable: informal job indicator

(1) (2) 3) (4) () (6) (7) (8)
Import tariff -0.361 -0.765%** -0.772%* -0.704**  -0.358 -0.657*** -0.664*** -0.599%**
(0.239) (0.230) (0.239) (0.170) (0.222) (0.212) 297) (0.155)
Export tariff -0.020 0.257** 0.263** 0.207** 0.011 0.192** 0.198** 0.144*
(0.102) (0.117) (0.121) (0.103) (0.094) (0.094) 06®) (0.072)
Technique oLS 2SLS 2SLS 2SLS oLS 2SLS 2SLS 2SLS
Observations 767087 767087 767087 767087 767087 08767 767087 767087
Education interacted with industry
dummies Yes Yes Yes Yes Yes Yes Yes Yes
Age and male interacted with
industry No No No No Yes Yes Yes Yes
. 7.856*** 7.823*** 5.947** 7.264*** 7.233%*** 5.470**
Hausman Endogeneity Test
[0.005] [0.005] [0.015] [0.007] [0.007] [0.019]
Hansen Over identification test 0.776 0.806
[0.379] [0.369]
Instruments
Colombian tariff X X X X
Real exchange rate * Colombian X X
tariff X X

Standard errors clustered on industry by year tedan parentheses, *** p<0.01, ** p<0.05, * p<Ogtyalues in brackets.
Year and industry effects, worker characteristicg] a constant were included in every stage @fstiinated models. Sample weights used.

Table 2.5 - Linear probability of model of having mformal job with interactions between industnglicators, years of education,

age and male indicator.
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In the next robustness check I'm interested idifign out if the results are
driven by some observations with large values.ebu$tof using tariffs in the previous
specifications, | used a nonlinear and monotorangformation in the tariffs, i.e.

instead of the tariffs, I'll be usinkpg(+tariff) in my estimates. This logarithmic re-

scaling has the advantage of reducing the influeéidarge values in the estimates.
The regressions output are displayed in table (fh6yhich columns (1)-(4) refers to
the baseline specification, columns (5)-(8) speatfons include the interaction
between education and industry indicators, and ifspetons in columns (9)-(12)
include interactions between age and industry atdirs and between male indicator
and industry indicators.

In the baseline specification, column (1) of ta{e5) displays the OLS tariff
coefficient estimates that were not statisticaifyngicant. They can be interpreted as
percentage changes. So, a change in import ténfflsne percent increase informal
share by 0.44 percent. For a similar change inettport tariff the informal share
responds with an increase of 0.007 percent. Now/,2BLS estimates portrayed in
columns (2)-(4) showed statistically significantiffacoefficients with the expected
signs. When the interactions were added to thelibasepecification the 2SLS
coefficients remained statistically significant aheir magnitude declined, similar to
what happened in table (2.7). Surprisingly, the @s8mates from columns (5) and
(9) presented estimated coefficients with the etquesigns with import tariffs being
statistically significant at 10% in column (1) amd 5% in column (9), with
magnitudes of about 50% of the 2SLS estimates. édogieneity of import tariffs

were rejected by the Hausman test in all 2SLS §patons.
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Independent Variables Dependent Variable: informal job indicator

1) (2) 3) (4) (5) (6) (7) (8) 9) (10) (11) (12)
log(1+import tariff) 0,447  -1.20%* -1.22%* -106%* -0.56* -1.13%* -115%* .1 02%* -0.55% -0.07 *** -0.98%* -0.86%**

(0.292)  (0.414)  (0.436) (0.288) (0.299) (0.399) 4(®) (0.286) (0.279) (0.361) (0.380) (0.256)
log(1+export tariffy ~ -0.007  0.586*  0.603* 0.476* 0.011 0.436* 0.450* 0.335* 0.050 0.325** 0.338 0.232*

(0.126) (0.284)  (0.293) (0.235) (0.127) (0.216) 2¢®B) (0.167) (0.117) (0.159) (0.168) (0.115)
Technique oLS 2SLS 2SLS  2SLS  OLS  2SLS 2SLS  2SLS  OLS  2SLS  2SLS2SLS
Observations 767087 767087 767087 767087 767087 08767 767087 767087 767087 767087 767087 767087

Education interacted
with industry

dummies No No No No Yes Yes Yes Yes Yes Yes Yes Yes
Age and male
interacted with

industry No No No No No No No No Yes Yes Yes Yes
Hausman 7.787* 7.801** 4.658** 6.738** 6.732** 4.461* 6.181** 6.173** 4.193*
Endogeneity Test [0.005] [0.005] [0.031] [0.009] [0.009] [0.035] [0.013] [0.013] [0.041]
Hansen Over 0.923 0.719 0.722
identification test [0.337] [0.397] [0.396]
Instruments
log(1+Colombian
tariff) X X X X X X

Rer*log(1+Colombian

gEariff) X X X X X x

Standard errors clustered on industry by year tedan parentheses, *** p<0.01, ** p<0.05, * p<Ogtyalues in brackets. Rer is the real exchantge ra
Year and industry effects, worker characteristica] a constant were included in every stage @stiinated models. Sample weights used.

Table 2.6 - Linear probability of model of having iaformal job with log(1+ tariff) instead of tafivariables.
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Independent

Variables Dependent Variable: informal job indicator
1) 2) 3) 4) 5) (6) @) (8) C)] (10) (11) (12)
Import tariff 0.720  -2.96*** -2.986** -2.743** (0592  -2.77** -2.795%* .2 5Qg¥* (0649  -2.17* -2.1&** -2.01**
(0.796)  (1.004) (1.032) (0.789) (0.789) (0.955) 9@1) (0.758) (0.705) (0.848) (0.873) (0.658)
Export tariff -0.498 2.688* 2.712* 2.518* 0.486* 2.432* 2.452* 2.287*  -0.304  2.144* 2.161* 022*
(0.303) (1.463) (1.473) (1.421) (0.291) (1.374) 381) (1.353) (0.249) (1.212) (1.218) (1.196)
Technique Probit  IVProbit  IVProbit  IVProbit  Probit IVProbit MProbit IVProbit Probit IVProbit [VProbit IVProbit
Observations 767087 767087 767087 767087 767087 08767 767087 767087 767087 767087 767087 767087
Education
interacted with
industry
dummies No No No No Yes Yes Yes Yes Yes Yes Yes Yes

Age and male
interacted with

industry No No No No No No No No Yes Yes Yes Yes

. 7.031**  6.772**  9.108*** 6.835***  6.583**  8.838*** 5.745*  5527*  7.576%*
Endogeneity Test

[0.008] [0.009] [0.003] [0.009] [0.010] [0.003] [0.017] [0.019] [0.006]

Instruments
Colombian tariff X X X X X X
Rer*Colombian
tariff X X X X X X

Standard errors clustered on industry by year tedan parentheses, *** p<0.01, ** p<0.05, * p<Ogtyalues in brackets. Rer is the real exchange rat
Year and industry effects, worker characteristica] a constant were included in every stage @stiinated models. Sample weights used.

Table 2.7 - Probit and IVProbit models of havingraiormal job.
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Now, given the binary nature of the informalitylicator I'll use econometric
techniques that take this fact into account. Thussed Probit instead of OLS and
IVProbit instead of 2SLS. The estimates are repoirtetable (2.7), where columns
(2)-(4) refers to the baseline specification, cahs(®)-(8) specifications include the
interaction between education and industry indisatand specifications in columns
(9)-(12) are augmented with interactions betweesa agd industry indicators and
between male indicator and industry indicators. Phabit regressions, columns (1),
(5) and (9), didn't present any statistically siigant estimates for the tariff variables
at 5% level of significance. The IVProbit estimatibe remaining columns, presented
estimated coefficients with the expected signsylich the import tariff coefficient
were always significant at 5% level whereas theoexpariff coefficient were
significant at the 10% level, witp-values between six and seven percent. In all
IVProbit estimates the exogeneity of the imporiffewere rejected at the 1% level.
The share of correctly predicted outcomes calcdldte the estimated model in
column (2) was 0.18, almost twice the share oflitnear IV probability model. In
sum, it seems that trade policy changes indeedtatfehe share of informal workers
in Brazil.

The last exercise involving the informality indica consists of omitting the
export tariff variable in the some of the previapecifications. The standard errors
are again clustered on industry by year. Table) (di8plays the output of these

estimates.
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Independent Variables Dependent Variable: informal job indicator

1) 2) 3) 4) (5) (6) (1) (8)
Import tariff -0.080 -0.602***  -0.599**  -0.611** -0.350 -1.549* -1.508* -1.658*
(0.114) (0.230) (0.236) (0.217) (0.345) (0.858) 8@®) (0.958)
Technique OoLS 2SLS 2SLS 2SLS Probit  IVProbit IVProbit IVProbi
Observations 767087 767087 767087 767087 767087 08767 767087 767087
Endogeneity Test 11.85%** 11.58%*= 12.66*** 5.065** 4,528**  4.408**
[0.000] [0.000] [0.000] [0.024] [0.033] [0.036]

. e 0.146
Hansen Over identification test [0.702]
Instruments
Colombian tariff X X X X
Real exchange rate*Colombian tariff X X X X

Standard errors clustered on industry by year tedan parentheses, *** p<0.01, ** p<0.05, * p<Optyalues in brackets.
Year and industry effects, worker characteristicg] a constant were included in every stage @&stiinated models.
Sample weights used.

Table 2.8 — Probability models of having an infokijpa without export tariff variable.
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Column (1) of table (9) contains the OLS imporiftacoefficient estimate,
which are not statistically significant as befofée 2SLS estimates, in columns (2)-
(4), were significant at 5% level and had the elgetmegative sign. The magnitude
of the coefficients was about 25% smaller thanasgémates from table (2.3), even
though this difference is not statistically sigogint. The exogeneity of import tariffs
was rejected by the Hausman test in these threxfispgons.

The Probit estimate is shown in column (5), aralithport tariff coefficient
wasn't statistically significant. Columns (6)-(8ntain the estimates using the IV
Probit technique. The estimated coefficients of omgariffs were not statistically
significant at 5% level, though they were significat 10% level. The exogeneity of
import tariffs was rejected in all cases. Thesealtesnean that omitting export tariffs
even in an instrumental variable framework may endtr the estimates. In sum, it
seems that trade policy changes indeed affectedshbee of informal workers in
Brazil.

The robustness checks for the formal-informal wggp models consists of
the use of a log transformation of tariffs inste#dthe tariffs themselves, and in
estimate the previous specifications without ingigdthe export tariff variables.
Table (2.9) presents estimates of the previousifsgmon of the wage gap, but now

using log@+tariffy instead of the tariff variables. Column (1) consaihe OLS

estimated coefficients and although they had theeeted signs, they were not
statistically significant. The 2SLS estimates, oohs (2)-(4) had the expected signs

and were statistically significant. The estimatesrf column (2) imply that a one
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Independent Variables Dependent Variable: formal-informal wage gap

1) (2) 3) (4)
Log (1+import tariff) -0.076 -4.324%** -4.631** -4.226%**
(0.155) (1.425) (1.831) (1.380)
Log (1+export tariff) 0.116 3.010** 3.085** 2.986**
(0.126) (1.232) (1.260) (1.230)
Technique OoLS 2SLS 2SLS 2SLS
Observations 180 180 180 180
2" stageF statistic 421 10.41 10.40 10.35
Under-identification test (Kleibergen-Paap rk LNtsdtic) 40.70%** 40.05%* 40.72%*
[0.000] [0.000] [0.000]
Weak identification test Kleibergen-Paap rk Walst&tistic 45.908 44,935 22.82
Stock-Yogo 10% max IV size critical values 16.38 .36 19.93
Hausman Endogeneity Test 6.121™ 5.518™ 6.026™
[0.013] [0.019] [0.014]
Hansen Over identification test 0.167
[0.712]
1% stageF statistic 56.64 44.82 56.70
Instruments (estimated coefficients fistage)
log(1+Colombian tariff) -0.177*** -0.248***
(0.044) (0.088)
Real exchange rate*log(1+Colombian tariff) -0.084*** 0.056
(0.024) (0.045)

Robust standard errors in parentheses, *** p<0t®fp<0.05, * p<0.1; p-values in brackets.
Year and industry effects and a constant were d&zdun every stage of all estimated models.

Table 2.9 — Effect of tariffs on the formal-inforhveage gap regressions, using log(1+ tariff) indtehtariff variables.
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percent decrease in import tariff increases wagelya4 percent, and the effect of
one percent decrease in export tariff is a threegme decrease in the wage gap. The
results of the econometric tests performed werélaino the results presented in
table (2.6), in particular the exogeneity of imptatiff variable was rejected at 5%
level in all 2SLS estimates.

Omitting the export tariffs in the estimated madkad a dramatic effect on
the estimates, as presented in table (2.10). Colid)oontains the OLS estimate in
which the import tariff wasn't statistically sigwiéint. Columns (2)-(4) shows the
2SLS estimates. The estimated import tariff coeffits were not statistically
significant in any specification. Notice that iretfirst stage of the 2SLS estimates,
the instruments behaved in a similar fashion to dbéémates that included export
tariffs. So, export tariffs matter in the seconagst of the estimation procedure. For

the wage gap, the omission of export tariff mak&sge difference in the estimates.
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Independent Variables

Dependent Variable:

formal-informal wage gap

1) (2) 3 4
import tariff -0.015 -0.153 -0.160 -0.154
(0.080) (0.164) (0.165) (0.164)
Technique OoLS 2SLS 2SLS 2SLS
Observations 180 180 180 180
Hansen Over identification test 0.112
[0.738]
Hausman Endogeneity Test 1.069 1.145 1.069
[0.301] [0.285] [0.301]
1% stageF-statistic 63.66 54.02 61.78
Instruments
Colombian tariff 0.503*** 0.505
(0.162) (0.692)
Real Exchange rate*Col. tariff 0.377*** -0.001
(0.124) (0.494)

HAC robust standard errors in parentheses, *** p20** p<0.05, * p<0.1; p-values in brackets
Year and industry effects and a constant were dealun every stage of all estimated models
Weights used are the inverse of the wage gap dsiihséandard errors

Table 2.10 — Effect of tariffs on the formal-infoainwage gap regressions without

export tariff variables.
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Final Remarks

| used the 1989-2001 Brazilian trade liberalizatto assess my theoretical
model predictions about the effects of trade potibgnges on the industry share of
informal workers and on the formal-informal wage g@his episode data allows the
identification of informal workers according to paly tax compliance, which is
exactly the same way they are defined in my thexlemodel. This clear connection
between theory and empirics is a novel featurbeénnformal labor literature.

Interestingly, | find that the Brazilian importriffis endogenous with respect
to informal share and formal-informal wage gap.clr@umvent this problem, | use
an instrumental variable approach, and the instnimased is the liberalization path
of a similar country, which was less influenced ibformal labor markets. This
finding suggest that the government is not paseith respect to informal labor
market in the sense that it may choose optimabyleélel of payroll tax enforcement
taking into account its trade policy. This pointte@ly deserves more investigation.

According to my estimates, a percentage pointedsa in Brazilian import
tariffs led to an increase of 0.8 percentage pamtthe informal share, while the
same decrease in trade partners import tariff (éxparriers) decreased informal
share by 0.35 percentage points. These results dree with my theoretical model
predictions. Importantly, the magnitude of the efffes very plausible since at the
average change of import tariffs and export bagriereturns a 12 percentage points
increase in informality, while the observed is a®ypercentage points. These results
are in sharp contrast with the previous literati@eldberg and Pavcnik, 2005) that

found no effect of tariffs on the informal share.
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The formal-informal wage gap estimates also pmwsttong support for the
respective theoretical predictions. A percentagetpdecrease in import tariffs
implied an increase in the wage gap by 0.4 pergenpaints, whereas a percentage
point decrease in export barriers decreased the wag by 0.17 percentage points.
About 50% of the variation in the estimated wagp gariation can be explained by
my empirical model. At the end of the day, | fouth@t trade policy does indeed
affect informal labor markets, at least in the Hraz case.

| check the robustness of my estimates by perfugrseveral exercises. The
only case my findings are not robust happens wherexport barriers are omitted in
the estimated models. This fact supports my theatetnodel, in which export
barriers not only have a counterbalance effectrmport barriers but also have a
significant quantitative effect. The latter seerosbe the case because when the
export barriers are omitted, the estimated efféatmport barriers is not statistically
significant.

These results have important policy implicatiol@ontrary to previous
findings, unilateral trade liberalization can irese the informality share and the
formal-informal wage gap. And, reciprocal tradestiflizations can mitigate and even
overcome this increase in informality.

In sum, the theoretical model was designed to nirafkemal jobs generation
as close as possible to reality, in addition it Ba®ng empirical support for its
predictions. Hence | believe it is a very good feavork to study informal labor

markets from several aspects, for example theadatien between import and export
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tariffs and payroll taxation which might lead to aptimal size of informal labor

market from the government point of view.
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Chapter 3 - Trade Liberalization and Industry WRgemia: The
missing role of Productivity

In this chapter | will study the effect of tradbdralization on inter-industry
wage premium. Changes in wage premium can incregsality if the wage
premium decreases less in skill intensive secforsexample. Several papers like
Krueger and Summers (1988), Katz and Summers (128@) Borjas and Ramey
(2000) found that industry wage premium is an ingoar share of the wage in U.S.,
and the wage premium has significant variation srimdustries. For developing
countries, Pavcnik et al. (2004) also found thagjevaremium accounted for a large
share of wages in Brazil. On the other hand, Galglaed Pavcnik (2005) found it is
not the case in Colombia.

The literature relating wage premium to imporiftashanges is recent, but its
ancestors were interested in the effect of tadffsndustry rents (measured by mark-
ups) and the effect of tariffs on productivity. Heon (1994) for Cote d’lvoire,
Levinsohn (1993) for Turkey, Currie and Harriso®4I) for Morocco found that
tariffs decline implied lower markups, which cowdffect wage premia if industry
rents are shared with the workers.

The studies that assess directly the effect afetnaolicy changes on inter-
industry wage premium provide mixed evidence okigh and magnitude. Feliciano
(2001) found that the change in tariffs didn’'t affevage premium in Mexico.
Pavcnik, Blom, Goldberg and Schady (2004) founeffect for Brazil. Goldberg and

Pavcnik (2005) uncovered evidence that a decreasariifs led to a smaller wage
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premium in Colombia, and Mishra and Kumar (2007ni that a decrease in tariffs
led to an increase in wage premia in India.

| assess the effect of trade liberalization onitter-industry wage premium
by focusing on the Colombian episode that startedhe 1980s and on two key
aspects ignored by the previous literature. That f8 whether trade policy changes
affect differently wage premium based on industtyaracteristics. | use the
methodology of previous studies such as GoldbetigRavcnik (2005) to assess if the
tariff effect is similar for tradable and non-trétindustries, and manufacturing and
non-manufacturing industries. | find that wage peemvere sensitive to changes in
import tariffs only the tradable industries, info@slar manufacturing.

The second question is the role of productivitgimultaneously determining
the industry wage premium and import tariffs. Altlgb the reasons for the existence
of the wage premia are not clear, there’s evidehat higher productivity industry
workers enjoy higher wage premilfinThe potential endogeneity of import tariffs
due to political economy concerns has been hankiedhe use of instrumental
variables technique, which also takes care of echitariable problem. Goldberg and
Pavcnik (2005) and others use the pre-trade refonmport tariff level as an
instrument for the import tariff change. Nevertlsslethis type of instrument may not
work when productivity is an omitted variable arsl part of the error term.
Karacaovali (2005) presented a theoretical modepadlftical economy of trade
liberalization in which the benefits of trade piiten increases with productivity. He

also found empirical evidence for Colombia thatdudivity influenced the level of

18 See Krueger and Summers (1988), Katz and Sumr@g9), and Borjas and Ramey (2000) for
example.
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import tariffs. Given that productivity is a prosewith some time persistence, and
Karacaovali (2005) showed it's the case for Colanlgurrent productivity would
still be correlated with the pre-trade reform falével, and thus the instrument will
be correlated with the error term.

Furthermore, from a theoretical perspective thession of productivity
leaves room for the effect of tariffs on wages &wédran ambiguous sign because in
this case the tariff coefficient would be the nesuit of the effect of tariffs on
productivity (which may be positive or negative @axe) and the effect of tariffs on
industry rents shared with workers (which is pwesitex ante). Therefore, | ask if
trade liberalization increases or decreases the-intlustry wage premia after we
account for the impact of productivity on tradeippl | also assess the magnitude of
the bias in previous studies that fail to accowontthis source of endogeneity for the
Colombian case.

By incorporating productivity into the estimatedodel, | find that
productivity is an important determinant of the wggemium, and as an included
instrument it does affect the change in tariffsd@genous variable), thus it's is an
important time-varying factor in the import targetting. In addition, the impact of
trade liberalization on the manufacturing industrigage premium is about 50%
smaller than the result previously obtained by rgrgpproductivity (using Goldberg
and Pavcnik, 2005, methodology). As a byprodudind in my estimations that
productivity is an exogenous variable, thus coreafout reverse causation between

wage premium and productivity do not seem releirattiis particular context.
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Methodology

The inter-industry wage premium is defined inlitexature as the share of the
worker’s wage that is attributed to industry a#fiion. Its possible sources can be: (i)
compensating differentials, (ii) different margimeitbductivity of labor in comparison
with other industries due to sector specific inpwad (iii) industry rents from
imperfect competition in the output market.

The industry compensating differentials paid torkeos reflect specific
conditions given by technology or institutions tiganerate disutility to work in this
industry. So it shouldn’t be affected by trade @pln case of no significant change in
technology or institutions, which are very unlika@tythe short run.

The second motive can be affected by trade pbkmause trade liberalization
can increase total factor productivity, as foundPawcnik (2002) for Chile, Ferreira
and Rossi (2003) for Brazil and Karacaovali (20fais)Colombia. All else equal, an
increase in productivity leads to an increase icesg profits, leaving room for an
increase in wage premium.

Finally, trade policy affects the level of compiggness in domestic markets.
A decrease in import tariffs would force either ecibase in domestic pri¢ésr a
decrease in quantity demanded, thus both effeqilyiendecrease in industry rents to
be shared among factors of production. There ideenme using firm-level data for
U.S. labor markets that higher profits induce higivages due to rent-sharing, as
shown by Blanchflower, Oswald and Sanfey (1996) bgdHildreth and Oswald

(1997). Another possible channel is that more cditipe might decrease the bargain

¥ In a monopolistic competition framework, one camdei the increase in competitiveness as a shock
in the price-elasticity of demand for output, n@re competitiveness results in a more elastic dema
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power of unions and/or shift their focus from wagegob security; therefore the
share of rent wage premium would also decrease eMemnyvthis channel will depend
on the specific negotiation framework of each induand/or country. Over all, the
net effect of trade openness over wage premia [Bgaous.

In general, changes in trade policy happen owvee &ind across industries. In
a situation in which non-tariff barriers (NTBs) adecreasing similarly for all
industries or non-existent, an appropriate way ®asare its changes is through
import tariffs, which certainly affect the pricds. Colombia, tariffs were at a high
level in the early 1980s. The trade liberalizatstarted when President Virgilio
Vargas took office in 1986 and it was completedhiy successor President Cesar
Gaviria by 1992. This reform consisted not onlyairlarge decrease in all import
tariffs across all industries (generating a largerdase in average tariff) and removal
of NTBs, but also in a change of the protectiorossrindustries because the decrease
in tariffs was not uniform. This can be seen fragurfes (3.1) and (3.2) which show
import tariffs along time for non-manufacturing amdanufacturing industries
respectively. So, this inter-industry tariff vartat could be used to identify the
relationship between wage premium and import riff

Like in many developing countries, Colombian tradeforms were
accompanied by other reforms. There were the labarket reform in 1990 that
reduced dismissal costs and introduced a new saerpayment system and the
banking system reform started in 1990 and continnetP91 aimed at liberalizing
deposit rates, extinguish credit subsidies and mmizke capital markets. Moreover,

foreign direct investment restrictions were greatlgduced in 1991, when
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multinational companies were given basically thenesatreatment dispensed to
Colombian firms. Finally, in 1993 there was a majbange in the social security
system’. All these reforms stress the importance of theetidimension in the
estimates, because the wage premium could be cttpagi a result of these other
reforms. I'll use year dummy variables to contmi $uch environment changes.

The changes in tariffs across industries havevedea great deal of attention
by the political economy of trade protection liter@. Such research agenda provides
theoretical (Helpman and Grossman, 1994, and Kavatia 2005) and empirical
(Trefler, 1993, Goldberg and Maggi, 2001, and Kaoa@li, 2005) evidence that
tariffs are set taking into account some charasties of the industry, e.g. market
concentration, share of unskilled workers, etc.ifSspme of these characteristics also
influence the wage premium, the current tariff ldsecomes an endogenous variable.
Thus, ordinary least squares (OLS) estimation is gumsistent. Time invariant
industry characteristics that affect tariff setticen be controlled by adding industry
fixed effects to the estimated model. In fact, ghbr wage premium in a given

industry might induce its workers to lobby agaimatie liberalizatioft

“ Eslava et al (2004) and Kugler (1999) are gooeregfces for the Colombian economic reforms.
2L A possible time variant political economy factsinion activity. Fortunately, it doesn’t seem & b
case as Edwards (2001) provides anecdotal evidgradenost no union activity in Colombia.
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In the presence of industry fixed effects and ydammy variables, the
identification of the tariff coefficient will com&om within industry tariff variation,
excluding the variation due to a common time trendtariffs across all industries.
The model estimated by Goldberg and Pavcnik (280§iven by equation (3.1)

Wagepremim, — a + ATariffs, +5, + 0, + error, (3.1)
wherei is the industry index ands the time indexg; is a set of industry fixed effects
andé; are the time effects.

Since this specification does not account for iotime varying variables that
affect tariffs and wage premium simultaneouslyiffeaare not necessarily orthogonal
to the error term. Goldberg and Pavcnik (2005) aokedged this possibility and
suggested the estimation of the first differenceegqiation (3.1) by two-stage least
squares (2SLS), using instruments for the changdarifis. The instruments chosen
by them are the 1983 tariff level and its interaas with exchange rate and coffee
price. The reason behind the choice of 1983 t#eifel is that it is the tariff level
some years before the trade policy changes andb&gjcand Pavcnik showed that
the tariff cut is proportional to the initial tarievel, i.e. the higher the 1983 tariff the
larger the tariff decrease in absolute terms. T9eaf the interactions with exchange
rate and coffee prices (the most important Colomlagport product) are based on
the perception that the Colombian trade reform emmlucted taking into account the
trade balance levels. So, exchange rate devalsafsonaller import volumes) would
lead to larger decrease in tariffs and increasesoiffee prices (larger export

revenues) would also lead to larger decreaseiifstar
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In the labor literature, Bartel and Sicherman @98nd Borjas and Ramey
(2000) found evidence of a positive correlationwssn productivity and wage
premium for U.S., however, the reasons behind ¢brselation are not clear. One
possibility could be that an increase in produttiteads to an increase in excess
profits, which are then shared with the workersudtproductivity is an omitted
variable in equation (3.1). Once it's accounted fwe would be able to identify
separately the effects of the different marginadpictivity of labor in comparison
with other industries due to sector specific inpasd of the industry rents on the
wage premium.

Karacaovali (2005) presents both theoretical amgpikcal evidence that
manufacturing industry productivity is an importgmtlitical economy factor that
affects tariff setting. In special, his empiricaidence is about the same Colombian
trade liberalization episode discussed here. Adagrtb his theoretical model, the
higher the industry productivity the higher the éf##s from protection accrued to the
firms of that industry. So, the initial (1983) farievel was established taking into
account the productivity at that time. He also emed empirical evidence that
productivity in Colombia is correlated with impdadriffs and it shows a lot of time
persistence, therefore old tariffs are correlatdtth wurrent productivity levels, e.qg.
1983 tariff level has a 0.22 correlation with 1986ductivity.

The omission of the productivity variable in edoat(3.1) generates omitted
variable bias. Additionally, the 1983 tariff levas correlated with current
productivity, which is in the error term. Therefarés not a valid instrument. In order

to get consistent estimates of the impact of & wage premium | incorporate
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productivity in the estimated model to solve theitted variable problem and to
remove the correlation between the instrument (188# level) and the error term
due to productivity.

The productivity measure | use is the natural fitigan of the total factor
productivity (TFP), which is the measure used bgt&and Sicherman (1999) for the
US. In the manufacturing industries sample usetthigipaper, the simple correlation
between productivity and the wage premium is 0.3n8, the correlation between the
first-difference of the same variables is 0.45.uré3 (3.3) and (3.4) show the wage
premium along time for non-manufacturing and macfidng industries
respectively. Figure (3.5) exhibits the evolutiohpooductivity for manufacturing
industries along time. We can see that wage prenanch productivity vary along
time and their ranking also changes over time.

| incorporate the productivity of industjyat timet, log(TFP;), as a regressor
in equation (3.1) and then take the first diffeeenthe resulting model is shown in
equation (3.2).

A\/@)ﬁnjt = pATariffs, + Alog(TFPR,) + A, + Aerror, (3.2)
where Awagepremiufge wagepremium - wagepremiufy. A similar definition
applies to all other variables preceded by te. “

The introduction of the productivity variable ohet right-hand side may
generate a potential problem: reverse causatiors @&n occur if the firms pay

efficiency wages, which means they pay wages hittar the marginal productivity
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of labor to avoid shirking. And by doing so, the workers’ productivity incses.
Since there are industries in which monitoring rhbayeasier, the efficiency wage will
vary over industries and be at least partly captbrethe wage-premium.

To address this source of reverse causality anckahé is a real concern, | estimate
equation (3.2) by instrumental variables considgr first both productivity and
tariffs as endogenous, and then considering oniffstas endogenous. The next step
consists in performing a Durbin-Wu-Hausman tedtesi if productivity is really an
endogenous variable. Similarly to Karacaovali (2005employ the following
instruments for productivity: the contemporaneoasural logarithm of the capital
stock of the industry, and the contemporaneousralaogarithm of material prices
minus natural log of aggregated level PPI-Prod&cee Index. Since the estimations
of (3.2) are in first differences, I'll work withhe first difference of the above

instruments.

% This would be the case in a simple Shapiro-Stigfficiency wage model. However, this may not
be the case in models with heterogeneous monitatiility like the one presented in Chapter 1.
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Figure 3.3 - Colombian nomanufacturing industries wage premium in termretail industry (ISIC 62) wage premiu
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Data

The data used in this paper includes the variablgsoldberg and Pavcnik
(2005), namely tariff, exchange rate and coffeegdata and their estimated wage
premium and its standard error. And the produgtigind its instruments data come
from Eslava, Haltiwanger, Kugler and Kugler (200Bhe years encompassed by my
sample are 1984, 1986, 1988, 1990, 1992, 1994, 486.998.

The data set used to estimate the wage premiusistsf the June waves of
Colombian National Household Survey — NHBn¢uesta Nacional de Hogades
conducted by the Colombian Statistical AgenDARNE). This survey is a repeated
cross-section covering urban areas of Colombia.cdhtains questions about
demographic characteristics (age, gender, matishlis education, literacy, etc...),
job type, industry of employment at 2-digit ISIG/é¢ (total of 33 industries), and
region of residence.

Similar to Krueger and Summers (1988), Katz andni@ers (1989), and
Borjas and Ramey (2000), Goldberg and Pavcnik (p88Bmated the industry wage

premium separately for every year of the samplegusguation (3.3).

In(w,, ) =H,, By + D1, * wagepremim, + & (3.3)

]
where Ingw;) is the natural logarithm of the worker's hourlyage for workeri
affiliated to industryj at timet, Hj: is a vector that contains worker’s age, age
squared, male indicator, married indicator, head tleé household indicator,

completed elementary, secondary and college educatidicators (the omitted
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category is incomplete elementary education),ddgrindicator, residence in Bogota
indicator, occupational indicators and job typei¢atbrs.lj: is “1” if personi worked

in industryj in yeart and its coefficient captures the share of the watgéuted to
industry affiliation, i.e. inter-industry wage pramm. Goldberg and Pavcnik (2005)
used all available industries (33 industries) undettigit ISIC classification to
compute the wage premium, in which industry ISIC(6&ail sales) is the omitted
category. The estimated wage premium was then hiaedaas deviations from the
employment-weighted average wage premium and te&ndard errors were
calculated using the Haisken-DeNew and Schmidt {L®&0-step restricted least-
squares procedure.

This type of specification does not control forrer’s choice of industry. |
believe this is not an important problem becausgaBoand Ramey (2000) casts
serious doubt about this possibility for U.S., ahdre’s evidence of little inter-
industry switching by workers in Colombia, as payed by Goldberg and Pavcnik
(2003). So, if there’s sorting it seems to be gtahler time, and the industry fixed
effects on the second stage estimation would take af it.

Goldberg and Pavcnik (2005) tariff data at 2-di§ikC level comes from the
Colombian Planning Department (DNP). It is avagabbr only 20 industries, the
manufacturing industries (ISIC31-39) are among theama it consists of the weighted
average of the tariffs of the more disaggregatedgoaies by the number of product
lines. The exchange rate is the nominal effectate from IMF, which is a currency
bundle encompassing the currencies of the mostrisapoColombian trade partners.

Coffee price series comes from the IFS (2001).
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The Eslava et al. (2004) productivity data is ¢tarded from the firm-level
data from the Colombian Annual Manufacturers SuiyS) conducted by DANE.
Such nice dataset allows less biased firm-leveinests because there’s no need to
rely in non-parametric methods and industry levete deflators as proxies for
missing plant-level data. The variables used irs thaper are the total factor
productivity estimated with KLEM methodology, capistock, and material prices
deviated from producers’ price index (PPI). Theadatere aggregated using
production shares from firm-level estimates. Thedpctivity data is available only

for manufacturing at 2-digit industry level (1ISIQ-39).

Estimations and results

Industry characteristics and the import tariff effen the wage premium

The first question to be answered is whether fifecteof tariffs on wage
premium changes according to industry charactesistin particular between
manufacturing and non-manufacturing industries, lagtdveen tradable industries and
non-tradable industries. This question is importaatause manufacturing and/or
tradable industries are more exposed to foreigrduymer competition relative to
service industries.

| split the data between manufacturing (ISIC 34 amn-manufacturing
industries, i.e. agriculture (ISIC 1), mining (ISK} and services (ISIC 4, 6, 8, and 9),

and estimated the first difference of equation)(Byltwo-stage least squares (2SLS)
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for each sample, equivalent to what Goldberg anatritia (2005) did in their table 6b
using all the industries. The instruments used thee 1983 tariff level and its
interactions with exchange rate and coffee prisagsstruments.

In all estimations presented in this chapter teables used are aggregated at
two-digit industry level (tariffs, productivity, @ahwage premium). For sake of
comparability, | follow Goldberg and Pavcnik (200&hd use industry clustered
standard errors. And perform the regressions ubegiverse of the standard error of
the estimated wage premium as weights, since thendient variable is an estimate.

The results for non-manufacturing are reportedaivie (3.1). Model (1) is
estimated by OLS and the remaining by IV. The esti@u tariff coefficients from
Goldberg and Pavcnik (2005) table 6b are reportetieabottom of table (3.1). In
model (1) the tariff coefficient isn’t statisticalsignificant. In models (2) through (5)
the tariff coefficient are not statistically sigeéint. Only model (6) presented a
statistically significant tariff coefficient of -B04, which means that an increase of
one percentage point in tariffs lead to a wage prendecrease of 0.204 percentage
points. The first stage regressions h&vstatistics larger than ten and the excluded
instruments are all statistically significant. $oven the validity of the instruments,
finite sample bias shouldn’t be a concern hererdlaee no rejections in the over-
identification tests for the over-identified modé#y and (6). These results are not
compatible with Goldberg and Pavcnik (2005) findingsing all industries. It seems
that their results are not driven by the non-mactuféng industries.

On table (3.2) | present the output of the regoessusing the manufacturing

industries sample. Model (1) is estimated by OLSI alisplays a statistically
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significant tariff coefficient of 0.143, which impk a wage premium increase of
0.143 percentage points when tariff is increasedn® percentage point. Models (2)
to (6) are estimated by IV, and the tariff coeffitis for these models are positive, but
statistically significant only in models (4), (5)&(6), in which the coefficients range
from 0.096 to 0.198. The first stage regressione rastatistics larger than ten and
the instruments are always statistically significafhe over-identification test for
model (4) can't reject that the model is corredpecified, but for model (6) it is

rejected at the 5% level of confidence.
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Independent Dependent Variable: wage premium
Variables
2" Stage 1) (2) 3) (4) (5) (6)
Tariff -0.0278 -0.075 -0.055 -0.105 0.121 -0.204**
[0.205] [0.367] [0.356] [0.385] [0.989] [0.072]
Instrument None Tariffs 83 Exchange Exchange Coffee Coffee
rate*Tariff rate*Tariff  Price*Tariff Price*Tariff
83 83 83 83
Tariffs83 Tariffs 83
Year dummies in Yes Yes Yes Yes Yes Yes
both stage
Number of 77 77 77 77 77 77
Observations
1% Stage
Exchange -0.001** 0.003**
rate*Tariff 83
[0.000] [0.001]
Coffee -0.001** 0.011*
Price*Tariff 83
[0.000] [0.001]
Constant 0.002 0.002 0.001 0.001 -0.003
[0.002] [0.002] [0.001] [0.001] [0.004]
F-statistic 110.47 72.43 68.42 66.91 504.31
Over-
identification test
Hansen-Sargan 0.517 0.065
Statistic (0.472) (0.798)
Goldberg and Pavcnik (2005) results using all imdles (133 observations)
Tariff 0.1191**  0.0462** 0.0444** 0.0416 0.0362* 0496*
(0.000) (0.021) (0.001) (0.104) (0.087) (0.053)

Dependent variable is thé lifference of wage premium, and all variablesiarfrst difference.
Robust standard errors are clustered on industd/age reported in brackefsvalues are reported in

parenthesis. All variables are used in their filifference.
** and * indicate statistical significance at 5%dah0% level respectively.

Table 3.1 - First difference of equation (3.1) restied by IV using only non-

manufacturing industries (ISIC 1,2,4,6,8, and 9).
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Independent Dependent Variable: wage premium
Variables

2" Stage 1) (2) 3) (4) (5) (6)
Tariff 0.143** -0.006 0.050 0.167** 0.096** 0.198**
[0.037] [0.037] [0.031] [0.035] [0.035] [0.050]
Instrument None Tariffs 83 Exchange Exchange Coffee Coffee
rate*Tariff rate*Tariff  Price*Tariff Price*Tariff
83 83 83 83
Tariffs83 Tariffs 83
Year dummies in® Yes Yes Yes Yes Yes Yes
stage
Number of 63 63 63 63 63 63
observations
1% Stage
Year 1988 0.183* .149** 0.001 0.136** 0.074*
[0.028] [0.026] [0.031] [0.027] [0.037]
Year 1990 0.143** 0.099** -0.092** 0.061* -0.050
[0.028] [0.027] [0.037] [0.030] [0.055]
Year 1992 0.027 -0.027 -0.264** -0.075** -0.216**
[0.029] [0.028] [0.044] [0.033] [0.067]
Year 1994 0.203** 0.164** -0.010 0.167** 0.118*
[0.033] [0.031] [0.037] [0.031] [0.036]
Year 1996 0.207** 0.152* -0.092** 0.149** 0.071
[0.030] [0.029] [0.045] [0.030] [0.043]
Year 1998 0.206** 0.134** -0.184** 0.158** 0.092**
[0.031] [0.031] [0.057] [0.030] [0.040]
Tariffs 83 -0.169** 0.95* 0.299**
[0.042] [0.154] [0.125]
Exchange -0.002** -0.010**
rate*Tariff 83
[0.0003] [0.001]
Coffee Price*Tar. 83 -0.0023** -0.006**
[0.0004] [0.001]
Constant -0.122** -0.062* 0.100%** -0.054 0.007
[0.029] [0.032] [0.037] [0.035] [0.042]
F-statistic ' stage 17.47 22.12 37.11 21.60 21.23
Over-identification
test
Hansen-Sargan 1.106 4.307**
Statistic
(0.293) (0.038)
Goldberg and Pavcnik (2005) results using all imdes (133 observations)
Tariff 0.1191* 0.0462** 0.0444* 0.0416 0.0362* 0496*
(0.000) (0.021) (0.001) (0.104) (0.087) (0.053)

Dependent variable is thé dlifference of wage premium, and all variablesiarfirst difference.
Robust standard errors are clustered on industd/age reported in brackefsvalues are reported in
parenthesis. All variables are used in their fiifference.

** and * indicate statistical significance at 5%dah0% level respectively.

Table 3.2 - First difference of equation (3.1) mestied by IV using only

manufacturing industries (ISIC 3).
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When contrasting the models from table (3.2) incWwhooth Goldberg and
Pavcnik (2005) and | get statistically significasdefficients, we can see that my
estimates are larger by 50% in model (1) and byentioan 200% in models (5) and
(6). After all, we saw that non-manufacturing wagemia weren't affected by
change in tariffs, while manufacturing wage premiare. If we combine both
samples (Goldberg and Pavcnik, 2005), we still iobtiaat wage premia is affected
by tariffs, but with a smaller coefficient. Therefananufacturing industries seems to
be driving Goldberg and Pavcnik (2005) findings.

The other exercise consists of splitting the sanbgitween tradable industries
(ISIC 1, 2, and 3) and non-tradable industriesGl8| 6,8 and 9). In this case, 'l
only be able to estimate the first difference ouapn (3.1) for the tradable
industries, because there’'s only five non-tradahttustries, and the number of
regressors in the model would be larger than thmebew of clusters (cf. Baum et al.,
2003,

The results for tradable industries are exhibitethble (3.3), in which model
(1) is estimated by OLS and the remaining modelsi\biyAll models present a
positive estimated tariff coefficient, which is sificant in all specifications except in
model (2). The estimated tariff coefficient sizesl standard deviations are similar to
the ones obtained using the manufacturing samplerted in table (3.2). Moreover,
the excluded instruments are all statistically gigant in the first stage regressions,
whose F-statistics are above 600. There are no rejectionthe over-identifying

restrictions test.

% Notice that the results obtained by Goldberg aagcRik (2005) vanish when the models are
estimated without clustered standard errors. Segtessions are available upon request.
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Independent

Dependent Variables: wage premium

Variables
2" Stage 1) (2) 3) (4) 5) (6)
Tariff 0.157** 0.023 0.065** 0.150** 0.093** 0.161+
[0.033] [0.044] [0.032] [0.028] [0.037] [0.048]
Instrument None Tariffs 83 Exchange Exchange Coffee Coffee
rate*Tariff rate*Tariff  Price*Tariff Price*Tariff
83 83 83 83
Tariffs83 Tariffs 83
Year dummies in Yes Yes Yes Yes Yes Yes
2" stage
Number of 105 105 105 105 105 105
Observations
1% Stage
Year 1988 0.174* 0.142 0.005 0.130 0.073
[0.090] [0.083] [0.051] [0.080] [0.064]
Year 1990 0.136* 0.094 -0.086* 0.057 -0.044
[0.073] [0.064] [0.040] [0.057] [0.052]
Year 1992 0.023 -0.029 -0.251** -0.076 -0.203**
[0.077] [0.067] [0.055] [0.060] [0.071]
Year 1994 0.196** 0.157* -0.005 0.161* 0.117
[0.088] [0.080] [0.047] [0.080] [0.068]
Year 1996 0.199** 0.145* -0.082* 0.143* 0.072
[0.087] [0.076] [0.043] [0.075] [0.058]
Year 1998 0.197 0.128 -0.168** 0.150* 0.091
[0.087] [0.073] [0.052] [0.077] [0.063]
Tariffs 83 -0.169** 0.910** 0.279*
[0.006] [0.117] [0.094]
Exchange -0.002** -0.010**
rate*Tariff 83
[0.000] [0.001]
Coffee -0.002** -0.005**
Price*Tariff 83
[0.000] [0.001]
Constant -0.116 -0.059 0.093** -0.052 0.004
[0.071] [0.059] [0.040] [0.058] [0.05]
F-statistic 1' stage 905.80 1139.61 14184.42 612.97 1141.61
Over-
identification test
Hansen-Sargan 1.460 1.707
Statistic (0.227) (0.191)
Goldberg and Pavcnik (2005) results using all imdles (133 observations)
Tariff 0.1191**  0.0462** 0.0444** 0.0416 0.0362* 0496*
(0.000) (0.021) (0.001) (0.104) (0.087) (0.053)

Dependent variable is thé dlifference of wage premium, and all variablesiarfirst difference.

Robust standard errors are clustered on industd/age reported in brackefsvalues are reported in
parenthesis. All variables are used in their fiifference.
** and * indicate statistical significance at 5%dah0% level respectively.

Table 3.3 - First difference of equation (3.1) restied by IV using only tradable

industries (ISIC 1-3).
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The results in Table (3.3) indicate that not amignufacturing industry wage
premia but also the other tradable industry wagemp are indeed affected by
changes in tariffs. Although it's not possible Biimate the tariff coefficient for non-
tradable industries, based on the results fromet&Bl1) | believe it wouldn’t be
positive and statistically significant, because tinese industries are a subset of the
non-manufacturing industries and are the ones ésemt the smallest variation in
wage premium over time. So, Goldberg and Pavcrik32 results are driven by the
observations from the tradable industries, whigpoad for about a quarter of overall

employment.

The role of productivity

The next question | address is the role of pradigtin the determination of
the effect of tariffs over wage premium. The aually of productivity data
constrains my analysis to manufacturing industoely, but as seen in the previous
section these are the industries that are driviolglitgrg and Pavcnik (2005) results.

Now | incorporate the productivity variable in egon (3.1), and estimate its
first difference, as shown in equation (3.2), cdaesng tariffs as the only endogenous
regressor, and using only the Goldberg and Pav@tR5) instruments: 1983 tariff
level and its interactions with exchange rate avftee price. The results are reported
in table (3.4), in which model (1) is estimated®lS and the remaining models are

estimated by IV.
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The productivity coefficient is positive and sséittally significant in all
models with values ranging from 0.155 to 0.176,ilsinto table (3.4). The tariff
coefficient is positive in all models, but it imsstically significant in models (1), (4),
(5), and (6). The first stagestatistics are all above ten, and only in modgttiére’s
an excluded instrument (1983 tariff) that is naitistically significant. Productivity
variable is statistically significant in the firstage regressions of models (2), (3) and
(5). This fact corroborates the fact that indugirgductivity can be an important
factor of import tariff setting and its omissionvalids the instruments used by
Goldberg and Pavcnik (2005). There’s no rejectiorihie over-identifying tests, in
particular the rejection found in model (6) of ®h(3.2) disappears when the
productivity variable is included in the model. Tim@ductivity variable seems to be
important in the determination of wage premium ahdhe same time its inclusion
decreases the estimated tariff coefficient by 280% in comparison to the ones from
table (3.2).

In the last set of regressions, | address therseveausation concern, i.e.
productivity might depend on the wage premium. [Sgstimate IV models similar to
models (2) to (6) displayed in table (3.4) using tbllowing additional instruments:
the first difference of material prices and of wfgcapital stock.

First, productivity is considered exogenous ane #stimated models are
shown in table (3.5). The productivity variablepissitive and statistically significant
in all specifications of this table, ranging fron189 to 0.177. Model (1) productivity

coefficient implies that a unit increase in tlbg TFP leads to an increase of 0.177
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percentage points in the wage premium. The taod#éfficient is positive in all
models, but statistically significant only in mosl¢B), (4), and (5).
Although additional instruments are used here tdhé coefficients of these models
are smaller than the ones from table (3.2) mod®is(4), and (5). The first stage
regressiong--statistics are all above ten. Productivity isistagally significant in the
first stage of all models, except model (3). In ®d@) thematerialprices instrument
is not statistically significant in its first stagegression, and in model (6) neither
1983 tariffs nor its interaction with coffee priege statistically significant. There’s
no rejection in the over-identifying tests. Theirasted coefficients in table (3.5) are
similar to the estimates from table (3.4), and agtie inclusion of the productivity
variable affected the estimated tariff coefficidnt decreasing it, in addition to
explaining part of the variation in the wage premiu

Then, table (3.5) models are estimated by instniahevariables technique
considering both tariff and productivity as endogesivariabled, and a Durbin-Wu-
Hausmaf® endogeneity test for productivity is conductede Tasults of the tests are
reported on the bottom of table (3.5). In all sfpeations, the exogeneity of
productivity can’t be rejected at 10% level of ddefice. Thus, the possibility of

reverse causation due to efficiency wages doesaingelevant.

% The results are omitted but available upon request
% Implemented according to Baum, Schaffer, andriditi (2005) p. 20.
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Independent

Dependent Variables: wage premium

Variables
2" stage 1) (2) 3) (4) (5) (6)
Tariff 0.092** 0.036 0.058 0.106** 0.078* 0.111*
(endogenous)
[0.036] [0.065] [0.044] [0.026] [0.034] [0.032]
Log TFP 0.160** 0.176** 0.170** 0.156** 0.164** 0.155*
(exogenous)
[0.043] [0.046] [0.044] [0.043] [0.045] [0.046]
Instrument No Tariff 83 Exchange Exchange Coffee Coffee
rate*Tariff rate*Tariff Price*Tariff Price*Tariff
83 83 83 83
Tariff 83 Tariffs 83
Year dummies in Yes Yes Yes Yes Yes Yes
2" stage
Number of Obs. 63 63 63 63 63 63
1% stage
Year 1988 0.160** 0.129** 0.008 0.121* 0.087**
[0.027] [0.025] [0.032] [0.027] [0.038]
Year 1990 0.131* 0.088** -0.080** 0.054* -0.011
[0.026] [0.026] [0.039] [0.029] [0.061]
Year 1992 0.014 -0.039 -0.248*  -0.082** -0.166**
[0.027] [0.026] [0.047] [0.032] [0.075]
Year 1994 0.196** 0.157** 0.003 0.163* 0.135*
[0.030] [0.029] [0.039] [0.030] [0.038]
Year 1996 0.194** 0.139** -0.074 0.1471** 0.096**
[0.028] [0.028] [0.048] [0.029] [0.045]
Year 1998 0.211* 0.137** -0.154** 0.163** 0.121**
[0.029] [0.030] [0.063] [0.029] [0.044]
Log TFP 0.333** 0.293** 0.097 0.245** 0.172
[0.103] [0.095] [0.088] [0.099] [0.117]
Tariffs 83 -0.183** 0.867** 0.182
[0.039] [0.171] [0.147]
Exchange -0.002** -0.010**
rate*Tariff 83
[0.0003] [0.001]
Coffee Price*Tariff -0.002** -0.004**
83
[0.0004] [0.002]
Constant -0.124**  -0.069** 0.084** -0.064* -0.024
[0.027] [0.030] [0.039] [0.034] [0.046]
F-statistic ' stage 19.15 23.50 33.26 21.56 19.52
Over identification
test
Hansen-Sargan 1.073 0.846
Statistic (0.301) (0.358)

Dependent variable is thé difference of wage premium, and all variablesiarirst difference.
Robust standard errors are clustered on industd/age reported in brackefsvalues are reported

in parenthesis. All variables are used in thestfitifference.

** and * indicate statistical significance at 5%dah0% level respectively.

Table 3.4 - Equation (3.2) estimated by IV usintyenanufacturing industries .
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Independent Dependent Variable: wage premium
Variables

2" stage 1) 2 3) (4) 5)
Tariff (endogenous) 0.031 0.050 0.097** 0.064* ®07
[0.052] [0.038] [0.025] [0.032] [0.030]
Log TFP 0.177** 0.172** 0.159** 0.168** 0.166**
(exogenous)
[0.046] [0.045] [0.044] [0.046] [0.046]
Instrument Tariffs 83 Tariffs 83 Tariffs 83
Exchange Exchange Coffee Coffee

rate*Tariff 83 rate*Tariff 83 price*Tariff 83 price*Tariff 83
Log Stock of Log Stock of Log Stock of Log Stock of  Log Stock of

Capital Capital Capital Capital Capital
Material Material Material Material Material
prices prices prices prices prices
Year dummies in Yes Yes Yes Yes Yes
both stages
Number of 63 63 63 63 63
Observations
1S Stage
Log TFP 0.339** 0.292** 0.088 0.260** 0.235*
[0.101] [0.093] [0.088] [0.098] [0.118]
Tariffs 83 -0.181** 0.810** 0.058
[0.037] [0.169] [0.152]
Exchange -0.002** -0.009**
rate*Tariff 83
[0.0003] [0.001]
Coffee Price*Tariff -0.002** -0.003
83
[0.0004] [0.002]
Log Stock of Capital 0.074** 0.072** 0.062** 0.062* 0.058*
[0.027] [0.026] [0.021] [0.027] [0.029]
Material Prices -0.191** -0.162* -0.066 -0.167* -0.161*
[0.087] [0.080] [0.070] [0.085] [0.087]
Constant -0.115** -0.063** 0.080** -0.064* -0.52
[0.026] [0.029] [0.038] [0.032] [0.046]
F-statistic ' stage 18.51 22.49 31.19 19.65 17.58
Over identification
test
Hansen-Sargan 4.078 1.376 1.906 1.190 1.527
Statistic (0.870) (0.497) (0.408) (0.448) (0.323)
Durbin-Wu- 0.264 0.211 1.652 0.223 1.768
Hausman test (0.607) (0.646) (0.199) (0.637) (0.184)
exogeneity of Log
TFP

Dependent variable is thé lifference of wage premium, and all variablesiarfrst difference.
Robust standard errors are clustered on industd/age reported in brackefsvalues are reported in
parenthesis. All variables are used in their fiifference.

** and * indicate statistical significance at 5%dah0% level respectively.

Table 3.5 - Equation (3.2) estimated by IV usinfyenanufacturing industries with
Hausman test for productivity endogeneity.
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Final Remarks

In this chapter | assessed whether the impotff ffiect over inter-industry
wage premium depended on industries characteristia$ showed empirically that
the omission of productivity variable (which affedboth tariff setting and wage
premium) leads to inconsistent estimations of #nidf effect over wage premium.

| found that the effect of tariffs depends on isitiies characteristics, because
the wage premium only seemed to be affected bygasam tariffs in manufacturing
and tradable industries. In the case approacheel tige inclusion of sectors not
affected by trade reform led to a five times smadgimated impact of import tariffs
on wage premium.

When productivity is incorporated in the estimateddel, we can see that it
indeed affects the wage premium and as an inclimdument it is an important
factor in import tariff setting. | found that thepact of the change in tariffs on the
wage premium is about 50% smaller than the impsiithated using Goldberg and
Pavcnik (2005) model with manufacturing data. Thgadrtant lesson from this
chapter is that using pre-reform import tariff lsvas an instrument for changes in
tariffs when the dependent variable is relatedrampctivity is not a good idea. And
in fact, this could be an explanation for the latleffect of tariffs on wage premium
in Brazil and Mexico, and for the positive effegtifid for India.

As a byproduct of my estimations, | found thatductivity is an exogenous

variable with respect to wage premium in the cas€aombia. Hence, a possible
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reason for reverse causation like efficiency wagasits basic Shapiro-Stiglitz

formulation) does not seem important in this contex

120



Appendix

Proof of Propositions and Lemmas from Chapter 1

Lemma 1. The determinant of the Jacobean matrix of the sy$1e44) is positive.

Proof. The total derivative of the system is

oF, s x, foreign __ oF, oF, foreign
35;1 dsopen os, fo}elgn Sopen - arl dZ' + or forleugn d ]
pen
R dSO ﬁFz S; foreign _ _rdf, dT 4+ 8F2 d fore|gn] (151)
S P T e ppen B AT
OF; oF; Sy
os, - ost fo%eign J ( open) f J (Sx for) for::gn fx
J — Sopen Sopen — ) (1 52)

—81:2 —*a::? ( * forelgn) S for " f ( s fore|gn) f )
Osopen OSopen J SX for Sopen X J open

*, foreign 1 eF fx % *, foreign oreign fx a%l
= J ( open)J ( opIen o )ff - (Sx, for)z{TJ J (Sx Ior ’ ) forets [TJ fx fx (153)

Let's prove that the first term in the right-hasde of equation (1.53) is larger

than the second term:

J'(Shpen) I (Sopen™™) ff ~
IS )7 (B (e o (G 1 8,

L Beeig@de o [EET e de
e CLL P R tiel A
L. £ 9(0de [ e &7 T9(E)dE

Therefore|J[>0. B

foreign foreign

_ . )
Lemma 2. For dz 9" =0, we haveﬂ< 0, S“"j; >0, asx o0, and 2 — Sxfor <0.

Proof. See Appendix.

121



as:;pen ﬂ A * S;, for
J or —_| ot | — _ J (Sx for) T fx
as;b;(;reign 6F2
E ¥ 0

Using Cramer rule,

aszpen J’(S; for) L fx] (S;pfsor:elgn) f <0

= — 1 T _<0 < O
88:;);onreign - j'(s:‘( Ig:eign Sx for f J ( 9 for) S)(,Tfor fx o
or |J | S

Now, we will calculate the partial derivatives fef ., and s; . From

equations (1.41) and (1.42),

1

1 . )
* o1 =y *, foreign * * , foreign
88>< for S*'forEign( ij + T( ij asopen _ Sx, for J ( open)] ( open )ff >0

or " |\ f f ot T | J|

f

and

GSX ;g:elgn asopen foreign L o <0. ]
ot ot f

*, foreign At foreign

Lemma 3. For dz =0, we have e > 0, Sl <0, Sm <0, and 20> 0.

Proof.
as(,;pen aFl O
J ot foreign | a6z foreign _ foreign
forelgn - OF. - foreign Sx. for
583 foreign anorzeign J (SX for ) £ foreign fx
Using Cramer rule,
. *, foreign
S5, for s1 7 o, foreigny S« for
aS* - J (Sx for formgn fo (Sx, for foreign fx > O
open 2 AN O
arforelgn | J | > 0
a *, foreign H r(s* )f (S* foreign Sx for reian f
Sopen _ J open. J X, for pforeign Tx < O < O
anorelgn | J | >0
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1 ’
8 * f o1 as*,forelgn
Sx, for =7 X open <0

82’ foreign f 82’ foreign
and similarly,
as*, foreign ﬁ ﬁ aS*
X, for _ S* L + foreign L open >0 [
or foreign — “open| f 2 f or foreign .

Lemma4. The sign of%""re is positive
Proof.

L ) oty for  pinf oL
8Share_ 8(L\f/or+|_i‘?f _ as;:‘for |-V as:,for

83; for 83; for ( il + l-i\r/1f )2

or

. (f (|nf A
Since %< 0 and;%>0, we have tha;%af%o. n
o 2 O3, for

, for , for

Lemma 5. The following inequality holds given countries aggnmetric

* * *, foreign
S  fi . * . * i i | f , fi . * . *, f i
L () | (S5 M > s 1165 L (S5
T open
Proof.
S;, or 1 * H *, forei *, i o o— * ~/ % -1
[ (S (S 1 (5505 21— G(S], [ _

* o *,fg:mgn . " . X, . - * o+l % -~ * o—1
S ST (S ) B S (S L G(S, oIS (S, )

Since countries are symmetric,

RO L, ) L Bl
= =7
[ . &779(&)dg [ . &79(&)dg

Lemma 6. The following inequality holds given countries aggnmetric

S* S* S; foreign
%, for = yy 1 o, foreign x, for , for e 1 ¢ *, foreign
] (Sopen)J (Sopen )ff > *, foreign foreign J (Sx, for) fo (Sx for )fx
T open 4
Proof.
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Sx for ] ( open)J (S;pL(;relgn)ff

Sk, for Sx,for ] (Sx, for) ij (S* forelgn) fx

*, foreign __ foreign for
sopen T X

oreignyoc _o- fx %
(") l(—)"*[

IS* " E7g(6)de 3*5 1g(&)dé
0 -1 1)(1+ o-1 )]
J-Sx for (g)dg ,[ fOFEIgné g(é)dg

Lemma 7. The following inequality holds given countries aygnmetric

S* S*,foreign S* *, foreign

X, for X, for * fore|gn X, for X, for -y *, foreign .y *

g" foreign . foreign b’ (SX o 1(S Peﬂ)f "o foreign _foreign fl (Sx, for )] (Sx, or) T
open open

Proof.
Scfor Sj;g;mgn f s,foreign Q@ ﬁxfor 031
forelgn d?rengn XJ for q, open So ‘m $
= formgn m dé o = E—U@ l
Scfor  Sxfor “%forelgn b3 A@@-g(mx,‘k
@forg,ugn d}nrelgn x for (J,ﬁx for Sx,for -

Proposition 2. If the sufficient conditions (S1)-(S4) hold, a d&se i implies a

foreign

decrease in the informal sha(é%aﬁ?fomigg 0) and a decrease im increases the

informal share( (55| < 0).

oY (e, W) oY (e, W)

(S1) <0; (S2) <0; (S3) o >3 (S4) x> f(ij

Proof. Since these are sufficient conditions, | need nove that there's a positive

term that is larger in absolute terms than the oelyative term irf@ij“—f“i?fo,eign.

dshare
dt

= M(pP)°Q [JT"_lLl;lf(
. . 2
foreign (Ll];lf +L€or)

©; ) p
© TSx for Tm (7 ' ‘ '
Jixsi o Iy " (—TWI - 9] ¥(p;, W, )dw dg, +
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the remaining sufficient inequalities in conjunctiwith the lemmas (5) and (6) imply

that
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Proposition 4. If conditions (W1)-(W3) hold, a decreaserinlecreases the formal-
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(W1) ¢ and w are independently Pareto distributed in Wwhik, , k, > o > 2 are
the scale parameters respectively.

k,+k, [1- 7977 T (o+k) 4

(W2) >1 (W3)
K +k, +1 [L— y %] (k, +k, +1)
Proof.
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The first step is to show that
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Plugging the Pareto distributions, we obtain

127



oen(oe(73 k(ﬂ'oelk1 K —
p pn) kl pn) Zklkz]

(98* 72 kk,(4s ki
— open Wmf ( open) kl ( open) [1_ l—kl—kz—l]_,’_ 2
or A k +k,+1 or A k. +k,
0,10 Shror " T i ) .
+w Scor Scor — [J.m — P y(p,w=C _g)d(pi]-i-
or A (T+0)S% o 2 $x for TS( for T

St Sutor T T S - ) '
o G2 —f’)( @. J‘Pm.wi: L)

x, for x for
o * * * *
or A (T+0)Sx or TS( for 95)( for TS( for T

OEH(OEFI)U:%klk(ﬂ' Eﬂ)lkl —k,—
p p op Ikl kz]

GS;pen Wmf ( Oper‘)a ’ klk (/l pen) . [ Ifklszfl]'F

o 2 k,+k,+1 or A k, +k,
o O S TS 0)" o
_HTvlnf , for >, for _ , for [J‘ ,foi TS o b . qoifkl—kz—ldgoi] +
aT /l (T+0)sy for ) _$X for
o * * G—ZTO'—l x Ky . o+ks
Sx, for s><,for (r% for) A8y, for (% —kg—ky-1
- - [J. . Z do ]
aT ﬂ, (T+0)s,, for $X for

The third term is larger than the fourth term. tdey to have the first term larger than

kK-l —k,—k,
the second, we nee%li] - L=y ] . Then, we have to show:
k +k,+1 K, + K,

dtW for . d for
p vy for LV >0
d T 7 foreign d T F foreign

which is expanded in the expression below
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