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Abstract

By international standards, gross domestic proflBBXP) per capita in Latin
America is low — around one fifth of that of theitdd States. Moreover, in
the last five decades, Latin America has failedatch-up in wealth to the
level of the United States while other countriesimilar or even lower stages
of development have been successful. The failurattsin higher levels of
relative income represents what | call the devetgnproblem of Latin
America. Using a variety of data, | find that thékbof the difference in GDP
per capita between Latin America and the UnitedeSts explained by low
GDP per worker and, in particular, low total faghooductivity (TFP) in Latin
America. | calculate that to explain the differeimt&DP per worker, TFP in
Latin America must be around 60% of the level altmited States. | consider
a model with heterogeneous production units whesétitions and policy
distortions lead to a 60% productivity ratio betwaetin America and the
United States. Removing the barriers to produgtigén increase long-run
relative GDP per worker in Latin America by a faatd 4. This increase is
equivalent to 70-years worth of U.S. post WW-llelepment.
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|. Introduction

The economic growth experience of Latin Americahia last five decades
constitutes one of the most interesting episodesnauern development
economics. In 1950, GDP per capita in Latin Amerglative to the United
States was 34%. By 2005 this statistic had falle®?%6. Not only income is
low in Latin American countries, but also it hallefa relative to the industrial
leader. This poor economic performance contrastplshwith other regions
and countries at similar or lower stages of econafevelopment in 1950
While many countries in Latin America contribute ttas relatively poor
performance, some countries stand out such as thrgeBolivia, Peru, and
Venezuela (Bol. Rep. of). Broadly speaking, thesfaf low and declining
relative income motivate what | call the Latin Ainan development problem.
What explains this poor economic performance iinLAmerica?

! Duarte and Restuccia (2006) report that in 19@0average Latin American country represented 3##eoGDP per worker in the
United States. It also represented more than tdstithe GDP per worker of the average country ia Asd about half the GDP per
worker of Western Europe. By 2000, the same LatmeAcan countries represented about 25% of the @&Pworker in the
United States. Whereas Latin American countries $osne ground in productivity relative to that dietUnited States, Asia
overtook Latin America’s labor productivity (Latitmerica being 73% of Asia) and Western Europe iased its advantage to
more than 3 times the level of productivity in lrafimerica.
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Using data for 10 Latin American countries, | report theofeihg facts about the development
problem in Latin America First, between 1950 and 2005 Latin America features low {abi&)i and
declining GDP per capita relative to the United States. Secomtcimmposing GDP per capita | find
that none of the difference is explained by differences in the mnadwork hours, while only 20% of
the difference is explained by a lower employment to populatita in Latin America. The bulk of
wealth difference steams from low (about 1/4) GDP per workéatin America relative to the United
States. Third, in decomposing GDP per worker using an aafgreggoduction function that includes
physical and human capital as inputs, | show that almost pbrtke difference is explained by
systematic differences in the physical capital to output ratiat some difference is explained by
differences in the quality and quantity of human capital bat il the difference steams from
differences in TFP. This emphasis on the role of TFP inagiply the economic performance of Latin
America is consistent with the earlier analysis of Elias (1,99@)mano and Soto (2006), among others.
| argue that in the context of a model with physical and hucaguital accumulation TFP in Latin
America relative to the United States need only be about 60%thi-dueport labor productivity in
agriculture, industry, and services to argue that aggregate gbirdyu differences between Latin
America and the United States are not the result of sector spdistfictions. Therefore, | seek for an
economy-wide explanation for low productivity in Latin Anozri

Given these facts, | then consider a model where institutiodspalicy distortions in Latin
America cause relative measured TFP to be 60% of the United Statesnodel follows Restuccia and
Rogerson (2007) in extending the neoclassical growth modalldw for plant heterogeneity. This
framework has been extensively used in empirical applicationsrazfugtivity differences across
countries (see for instance Hsieh and Klenow, 2007; BartelsHetiwvanger, and Scarpetta, 2006;
Alfaro, Charlton, and Kanczuk, 2007; among others). A rel&tatiework has been used for more
specific applications of the development problem such as sizedkggpolicies (Guner, Ventura, and
Xi, 2007), financial frictions (Greenwood et al. 2007), ieons to foreign direct investment (Burstein
and Monge, 2007), among others. In the model plants difféheir factor productivity and reallocation
of capital and labor across plants leads to measured TFP differémeellition, upon entering plants
invest in the likelihood of higher productivity. As a risinstitutions and policy distortions not only
misallocate resources across plants, but also can shift thibudietr of plants to lower productivity
levels. The class of institutions and policy distortidmet § consider is broad and abstract. | quantify the
impact of institutions that cause an increase in the cost of femtplants. There are many examples of
these costs (see for instance De Soto, 1986 and Djankov €102). 2 also quantify the impact of
idiosyncratic distortions that cause a reallocation of resouroesthe most productive plants to the less
productive plants. The type of policies that would effectiwalyse such a reallocation is also very large
including public enterprises, trade and labor restrictiongtitax, competition barriers and excessive
regulations, among others. In the calibrated model, | fiadl tthese institutions and policy distortions
lead to a TFP ratio between the distorted and undistorted e@momhe range of 60 to 70%. As a
result, removing the productivity barriers in Latin America tead to an increase in relative long-run
labor productivity of a factor of 4. Under one metric, fhisrease in labor productivity is equivalent to
70 years worth of U.S. post-WWII development.

There is an extensive literature analyzing different aspects ottleogyment experience in Latin
America. This literature is too vast to cite here but see fdaimte Solimano and Soto (2006) and the
references therein. There is also a recent literature studying yespetific experiences using
gquantitative models (see for instance Bergoeing et al., 2008laky and Zarazaga, 2002; Cole,
Ohanian, Riascos, and Schmitz, 2005; among others). Cole(20@b) emphasize the importance of
competition barriers in explaining the low productivity leved Latin America. Many Latin American
experiences have been studied in the context of depression episotieas Mexico and Chile in the
80’s (see for instance Bergoeing et al., 2002, Bergoeing €0&K). While similar forces may lead to

2 The countries are Argentina, Bolivia, Brazil, @hiColombia, Ecuador, Mexico, Peru, Uruguay, ammazuela (Bol. Rep. of). See

the data appendix for more details.
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TFP to be below trend, the emphasis in this paper is iraieiml the low productivity levels in Latin
America.

The paper is organized as follows. In the next section | doduthenbasic facts about the
development problem in Latin America. | decompose GDP per capitahéw that low labor
productivity (and in particular low TFP) is at the core lué tlevelopment problem in Latin America.
Section 3 describes a model of TFP and calibrates it to dattaefdinited States. In section 4 | perform
a quantitative analysis of institutions and policy distosiin Latin America with a discussion of policy
implications. | conclude in section 5.
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[I. Some facts

In this section, | document a set of facts about gross dmm@stduct
(GDP) per capita and related factors in order to establish mdadk the
development problem in Latin America. The analysis will servguide

the search for an explanation of the development problem in Latin
America. The period of analysis covers 1950 to 2005 at an annual
frequency. | will focus on long-run trends, therefore, data are trended
using the Hodrick-Prescaott filter with a smoothing parametd00. For a
detailed description of the data and sources see the Appendix.

1. GDP per capita

The total amount of goods and services produced in a couittriy &
specified period of time provides a summary measure of wealth in
nation. Between 1950 and 2005, GDP per capita has grownl foatil
American countries. But the growth in GDP per capita has toved

Latin American countries to catch up to the level of more developed
economies. | take the United States, which has observed a hilatel
stable growth rate of GDP per capita for most of the 20thupgras the
benchmark against which to compare the economic performance in Latin
America. Relative to the United States, GDP per capita in Latiarisan
countries is low and has been declining. Table 1 summarizesfédotse

In 1950 Latin America was 34% of the GDP per capita of theedni
States. By 2005 this statistic has declined to 22%. Thasiveldecline is
highly influenced by the negative economic performances of Venezuela
(Bol. Rep. of), Uruguay, and Argentina. Figure 1 repdrésdvolution of
GDP per capita in Latin American countries relative to the Uriitiades
between 1950 and 2005.

11
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Figure 1
GDP PER CAPITA RELATIVE TO THE UNITED STATES
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Source: Own calculations based on data from the Conference Board and and Groningen
Growth and Development Centre (2007).

Relative GDP per capita has been stagnant or declining for Latgriéan countries during this
period. With the exception of Chile in recent years, no otaéinlAmerican country has grown at rates
substantially above the ones in the United States. This octsgite Latin American countries
observing levels of GDP per capita about one third the levibleirtunited States in 1950. Even though
there is substantial room for catch-up in income to the UrStates, this process has not occurred for
Latin American countries. This performance contrasts sharply thit evolution of GDP per capita in
other countries at a similar stage of development in 1950inBtance, Italy, Spain, Hong Kong, and
Singapore were in 1950 at relative levels similar or below teeage of Latin America (with 37, 23, 23,
and 22% of GDP per capita of the United States respectivelyyaredable to catch up substantially to
the United States (to 64, 55, 81, and 91% in 2005).

12
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Table 1
GDP PER CAPITA IN LATIN AMERICA
Relative GDP Annualized Growth

per capita GDP per capita
Country 1950 2005 1950-2005 (%)
Argentina 0.49 0.27 0.97
Bolivia 0.20 0.09 0.59
Brazil 0.17 0.19 2.28
Chile 0.38 0.38 2.08
Colombia 0.22 0.18 1.73
Ecuador 0.19 0.15 1.62
Mexico 0.24 0.25 2.14
Peru 0.24 0.14 1.03
Uruguay 0.50 0.25 0.79
Venezuela (Bol. 0.77 0.27 0.12
Rep. of)
Latin America 0.34 0.22 -
USA 1.00 1.00 2.08

Source: Own calculations based on data from the Conference Board and and Groningen
Growth and Development Centre (2007).

2. Decomposing GDP per Capita

What is the source of the poor economic performance of Latin idéameconomies? We can look
beyond the aggregate evolution of GDP per capita and decomgoge titree factors as follows. At
each date, GDP per capita can be written as:

Y Y. E

PnEP"

whereY/P is GDP per capité/P is the employment to population ratmjs hours per worker,

andY/nE is labor productivity (GDP per labor hour). Hence, theorafi GDP per capita between any
two countries andj is given by:

(Y/P)i (Y/nE)i (E/P)i n,

(Y/P)j_ (YIE); (E/P), Hj

In words, relative GDP per capita between couniriasdj is the product of the ratio of labor
productivity, the ratio of employment to population, almel tatio of hours worked. Hence, a low relative
GDP per capita can be the result of low labor productivity, émployment rates, low hours or any
combination of these factors. The evidence from the factor eliféerin GDP per capita between Latin
America and the United States is roughly 1 to 5 (or 20%jiciWvariables in the above decomposition
explain a factor of 5 times difference between GDP per capita ldrtied States and Latin America? |
describe these differences in turn.

Hours

| first examine whether hours of work can account for therldative levels of GDP per capita in Latin
America. There are important limitations in collecting and compamburs of work across a wide range
of countries. Nevertheless the available data suggest that Homoskocannot explain the low relative
levels of GDP per capita in Latin America. | use data on annuakhmer worker collected by the

13
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Conference Board and Groningen Growth and Development Cen@@é)(#6m a number of sources.
Figure 2 documents the available time series data for a numhatiofAmerican economies and the
United States. As the figure shows, Latin American countsisteatically work more hours than the
United States (about 8% more in average). Over time, with tepsan of Mexico, hours of work have
declined for all countries but hours of work remain in ak&%t higher for Latin American countries
relative to the United States. As a result, not only aggregates fcontributes to a small difference
between Latin America and the United States, but also hoursodf wontributes negatively to

explaining low relative GDP per capita in Latin America. | coneltieen that an explanation of low and
declining relative GDP per capita in Latin America cannot be basdiferences in hours of work.

Figure 2
ANNUAL HOURS PER WORKER
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Source: Own calculations based on data from the Conference Board and Groningen
Growth and Development Centre (2007).

Employment to Population Ratio

I next examine whether differences in the employment to popuoledito can explain the low relative
GDP per capita in Latin America. Figure 3 documents the timesskr the employment to population
ratio across Latin American countries and the United Statese\tieile are some patterns over time that
relate to the increasing participation of women in the labor endok all countries (most noticeably for
the United States) and while the employment ratio is highethi® United States than most Latin
American countries, the difference in the employment ratio can expain less than 20% of the
difference in GDP per capita across Latin America and the UnitedsStab see this, notice that the
ratio of the employment to population between Latin AmericathadJnited States is 0.75 while the
ratio of GDP per capita is 0.20, therefore the employment eaptains less than 20% of the difference
in GDP per capita (log(0.75)/log(0.20)).

14
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Figure 3
EMPLOYMENT TO POPULATION RATIO
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Source: Own calculations based on data from the Conference Board and and Groningen
Growth and Development Centre (2007).

Labor Productivity

The previous analysis leaves us with one factor explainingulkedifferences in GDP per capita. That
factor is labor productivity or GDP per labor hour. Sinedréady established that hours differences are
small and stable then the bulk of difference in GDP per capéapkined by differences in GDP per
worker between Latin American countries and the United StatasreFHgreports GDP per worker for
Latin America relative to the United States. A simple inspeabbfigure 4 together with Figure 1
suggests that indeed the level differences and time path of @DPapita are well captured by the
behavior of GDP per worker. As a summary measure, the averageof&@DP per worker between
Latin America and the United States is 0.25, this explains 86%e difference in GDP per capita
(log(0.25)/10g(0.20)).

To summarize, the average difference in GDP per capita between LagiricArand the United
States is accounted for by

(Y/P)ys (Y/INE)ys (E/P)ys ELE

1/5 1/4 3/4 108/1

(YIP)A _ (Y/nE)LAX(E/P)LAXnLA

Hence, the contribution to the difference in GDP per capita betlvatm America and the
United States is: labor productivity 87%, employment ra8igh, and hours -5%.

15
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FIGURE 4
GDP PER WORKER RELATIVE TO THE UNITED STATES
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Source: Own calculations based on data from the Conference Board and and Groningen
Growth and Development Centre (2007).

3. Decomposing GDP per Worker

To investigate the sources of differences in GDP per workestéimelard procedure is to write down an
aggregate production function that explicitly states the reldaatdrs of production. For this purpose, |
consider a standard Cobb-Douglas aggregate production fuacionented to include human capital,

Y = AKTHY, (1)

whereY is output,K andH are the inputs of physical and human capital servicesAasdotal
factor productivity (TFP). Since ultimately | am interestedioadly separating the importance of factor
accumulation (human and physical capital) and TFP, | follow d¢dleand Rodriguez-Clare (1997) in
writing the production function above in intensive form. do this, first | write aggregate human capital
(H) as the product of human capital per worid®rand the number of worke(g), i.e., H=Eh. Using
this substitution in equation (, dividing by on both sides, taking/E to the left hand side, and

rearranging terms | obtain:
Y _ S (K)\ra
— = A2 — h. (2)
E

Using equation (2), the ratio of GDP per worké¢iE) between countrieisandj is given by:

16
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1 a

B, (A\Ta (KM Ta h
ST B U078 RS 3)

In words, GDP per worker differences can be the result of faters: differences in TFP,
differences in physical capital to output, and differences inamuoapital per worker. The goal is to
investigate the factors on the right hand side of equatioth@B8xan account for differences in GDP per
worker of 1 to 4 between Latin America and the United States.

Physical Capita |

| first investigate the importance of physical capital accumulatidocus on institutions and policies

that lead to capital to output ratio differences across counii@ice that differences in TFP could also
cause capital accumulation to differ across countries. But inad hriass of models, TFP differences
imply no differences in the capital to output ratio. Thigpligation is what leads to the decomposition in
equation (3) to be useful in separating the forces directitedlto capital accumulation from TFP
differences. So the next step is to look for measures ofqgathy=spital across countries. Typically the
physical capital stock is measured in domestic prices. Cole €2045) and others have used this
measure from Nehru and Dhareshwar (1993) in their analysibes® units the physical capital stock
relative to GDP is not systematically different across LatineAcan countries and the United States
(see figure 5).

Figure 5
PHYSICAL CAPITAL TO GDP RATIO (DOMESTIC PRICES)

4.5

1 . . .
1950 1960 1970 1980 1990

Source: Work Penn Table 6.1.

However, measuring the capital stock at domestic prices may givasedbview of capital
accumulation since the price of capital goods is systematicaliehig poor relative to rich countries
(see for instance Restuccia and Urrutia, 2001). Alternativelyeasune of the capital stock at common
international prices can be constructed using investment rategsifeoPenn World Table. | follow this
approach in constructing the capital to output ratio for LAtimerican countries and the United States

17
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(see the Appendix for details). | report these estimates urd-i§ and Table 2. The main conclusion |
draw from these figures is that capital accumulation as measurtitke mapital to output ratio is not
systematically different between Latin America and the United Sthtefact, in 1960 the average
capital to output ratio in Latin America was 20% above the levle United States, whereas in 2000
the capital to output ratio was 80% of the level in the Uritedes. Nevertheless, these level differences
are too small to account for any substantial portion of tfierence in GDP per worker across these
countries. For instance, with a capital share of d£3L(3 in equation (3), a 30% higher capital to output
ratio translates into a 14% higher GDP per worker. | condhdealthough there are some relevant
country differences in the capital to output ratio, these diffegs are not systematic and quantitatively
substantial to explain differences in GDP per worker of a fadtdrbetween Latin American countries
and the United States.

Figure 6
PHYSICAL CAPITAL TO GDP RATIO (INTERNATIONAL PRICES )
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Source: Own calculations based on data from World Penn Table 6.1.

Table 2
PHYSICAL CAPITAL TO GDP RATIO IN INTERNATIONAL PRIC ES
K1Y

Country 1960 2000
Argentina 1.42 1.76
Bolivia 1.20 1.09
Brazil 1.95 1.86
Chile 2.71 1.71
Colombia 1.32 1.25
Ecuador 2.65 2.07
Mexico 1.51 1.88
Peru 3.61 2.13
Uruguay 1.77 1.50
Venezuela (Bol. 2.78 1.82
Rep. of)
Latin America 2.09 1.71
USA 1.69 2.14

Source: Own calculations based on data from World Penn Table 6.1.

18
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Human capital

A serious limitation of development accounting studies ésfétt that there are no good measures of
human capital across countries. In addition, even if these meagenmesavailable, it would be difficult

to disentangle the role of TFP and other factors in explaithioge differences. For this reason, recent
studies have used quantitative theory to get at the importarderan capital in development — see for
instance Manuelli and Seshadri (2006) and Erosa, KoreshkoveRestdccia (2007). There is some
available evidence on the quantity of schooling indicating itapordifferences across countries (see
Figure 7) but a theory is needed to assess the importanbes# differences in human capital and
output across countries. How do productivity differencesstad® into human capital differences across
countries? Standard models of human capital accumulation @nfdg linear relationship between
human capital and income when economies differ on TFP, i.e.

logh = ¢, +vlog (Y/E),

whereh is human capital per workeY/E is output per worker, an«:in is a constant. Substituting

this expression fohn in equation (2) and ignoring differences in the physical abgitoutput ratio, GDP
per worken(Y/E) can be expressed as a function of TFP only, as follows:

E:CYA(MM, @

wherecy is a constant. Using equation (4), GDP per worker betweemtréesi andj is just a

function of the ratio of TFP’s raised to some power, i.e.,

(Y/_E),_(A][aaim]

Y/E), | A ! ®)
i i
Figure 7
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Differences in TFP across countries lead to differences in qalysapital accumulation and
human capital accumulation (both in the form of quantitychiosling — years — and on the quality of
schooling). These factors can lead to a substantial amplificaftibRP differences across countries. To
see how important this mechanism can be, first suppose ini@gd} thaty=0 anda=1/3 consistent
with the standard one-sector growth model. Then in ordgenerate a factor of 4 difference in GDP per
worker between the United States and Latin America, a TFP raficba$ needed — TFP in the United
States would need to be 2.5 times that of Latin America. itnizber is perhaps too large to be justified
empirically. But if instead/=1/2, equation (5) would require a TFP ratio of 1.6 ideorto achieve a
factor of 4 difference in output per worker. The key quesBaiien how important this amplification
mechanism is quantitatively. Or to put it differently, wlhista reasonable value for the elasticity
parameter summarized py

Total factor productivity

The relationship implied by equation (5) can be used to estathle difference in TFP between Latin
America and the United States that is needed in order to expliffier@nce in GDP per worker of 1 to
4. Using cross-section heterogeneity across people in the \8téezs, Erosa, et al. (2007) estimate that
y is around 0.4% Given this estimated value fgrequation (5) implies that in order to generate a factor
of 4 differences in GDP per worker between the United Statetatimd America, TFP must be 60%
higher in the United States. In the next section | consideeay of TFP that can potentially explain a
productivity difference of this magnitude between Latin Ameriahthe United States.

4. Sectoral labor productivity

Before | move on to the theory, one last point about the datargument could be made about Latin
America affecting productivity in specific sectors or distagtactivity that affects some sectors of the
economy more than others. This view of the development proioldratin America is not consistent
with the facts. The evidence from three broad sectors —agricultatgstry, and services— shows that
low labor productivity growth relative to the United Stateprevalent in all the sectors of the economy.
For a summary of these facts see Figures 8, 9 and 10. Seeualde &d Restuccia (2007b) for a more
detailed documentation of the data sources and modeling assusmgtimted to these figures. | conclude
that low labor productivity in Latin America is not the uksf sector specific policies or distortions,
instead it is an economy-wide phenomenon. All countries goudin a process of structural
transformation whereby the agricultural sector is replaced inriiaupce by the industrial sector and later
by the service sector. While labor productivity improvememtagriculture and specially industry have
proven essential in explaining episodes of substantial cat@m-aggregate productivity between new
industrialized countries and the United States such as Korea,, Bipgapore, and many European
countries, sectoral labor productivity in Latin America haledgio catch up in all sectdrs

Roughly speaking, the parameters of the humaitatggroduction function that generate an elastiot TFP on income across
countries also generate an elasticity of heterdgemeross people and their earnings. So crossesetieterogeneity within a
country gives some information on the relevant smmsuntry elasticity.

4 See for instance Duarte and Restuccia (2007aj20a¥b).
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Figure 8
VALUE ADDED PER WORKER - AGRICULTURE
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Figure 9
VALUE ADDED PER WORKER - INDUSTRY
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Figure 10
VALUE ADDED PER WORKER - SERVICES
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lll. Atheory of TFP

| present an extension of a theory of measured total factougtraity
developed by Restuccia and Rogerson (2007). The theory noildghe
industry equilibrium framework of Hopenhayn (1992) embedui¢a a
standard neoclassical growth model. The basic ingredient ofi¢loeytis

the heterogeneity in total factor productivity across estahbsits. In the
context of this model, the allocation of factors of produrcteross plants
leads to a role of policy distortions on aggregate measured TFP
differences across countries. | now go onto the details ohtiuel.

1. Economic environment

There is an infinitely-lived representative household withegresfces over
streams of consumption goods at each date described by the utili
function,

< ot
¥ Bu(C),
t=0
where Ct is consumption at date and Of<1 is the discount factor.

Households are endowed with one unit of productive time in padbd
and KO>O units of the capital stock at date O.
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Differently than in the standard neoclassical growth modeluttieof production is the plant.
Each plant is described by a decreasing returns-to-scale prodiuctation

fskn)=sknY,  ay0(0,1), Og+a<l.
with capital servicek and labor services as factor inputs. The technology paramstearies
across plants. | assume tisatan take on a discrete and finite number of val$ds,S E{Su S }

sSig
As in Restuccia and Rogerson (2007), | abstract from vari@tics over time. All plants face an

exogenous and constant probability of demtfExogenous exit realizations aiiel across plants and
across time.

New plants pay a set-up cost oé measured in terms of output. After paying this cost a

realization of the plant-level productivity parametaés drawn but plants can invest in the likelihood of
higher realizations of productivity levels. In particular, iming the costc(q) in units of output, with

probability g productivity is drawn from the higher productivity S8t = {snjﬂ,...,sns} according to a

S

pdf hH(s), while with probability 1-q productivity is drawn from the lower seB E{Si,...,snj}

according topdf hL(s), where N, D{L...,ns}. Draws ardid across entrants and there is a continuum of
S

potential entrants. | denote bgf the mass of entry in periadl parameterize the cost function as

c(q):Bq(p, B,¢@>0.
Feasibility in this model requires:
CrrXrCeNeHe(aINSYy
WhereCt is aggregate consumptio)*(t is aggregate investment in physical capmqt) is the

investment cost in plant qualjtwt is aggregate entry, aan{ is aggregate output. As in the standard

neoclassical growth model, the aggregate law of motion for ciégpialen by:
Kt = @- 6)Kt + X

| focus on institutions and policies that create idiosyncdititortions to plant-level decisions as
emphasized in Restuccia and Rogerson (2007). The empirical cauhtefphese policies will be
discussed later. Broadly speaking these policies will be repessémyt a tax on output of operating
plantst. As in Restuccia and Rogerson (2007), | assume tteat take on three values: a positive value
reflecting that a plant is being taxed, a negative value refledtatgthe plant is being subsidized, and
zero reflecting no distortion for the plant. Different speaifions of policy are denoted h®(s1)
representing the probability that a plant with productisitsices policyt and it is possible that the value
of the plant-level tax rate be correlated with the draw of the-f#&al productivity parameter. From the
point of view of the plant what matters is the joint pralitgtdistribution overs andt and | denote this
by gH(s,T) and gL(s,T) for productivity in the high and low sets. Not all iogl configurations will

lead to a balanced budget for the government so | assume tlgatvidr@ament imposes a lump-sum tax
(or transfer)T to consumers in order to balance the budget.
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2. Equilibrium

The analysis focuses exclusively on the steady-state competitilibragu of the model. In a steady-
state equilibrium the rental prices for labor and capital serd@sonstant as well as all aggregates in
the economy including the invariant distribution of plaintshe economy. The consumer’s side of the
model is entirely standard so | will skip the details. Tinportant aspect to keep in mind from the
consumer’s problem is that the real interest rate in the econ®npnned down by preference
parameters and the depreciation rate of the capital stock, i.eadystate the real interest rate, denoted
by R, is given by

1
R=r-o=5-1.
B

Incumbent Plant’s Problem

The decision problem of a plant to hire capital and labor serigcstatic. The per-period profit function
TS, 1) satisfies

(s T)=max_ leo{ (1—T)sk°‘ny—wn—rl} .

It is simple to derive the optimal factor demands from gnablem which | denotk and fi.
Because both the plant-level productivity and tax rate are cormianttime, the discounted present
value of an incumbent plant is given by,

W(s,T)=n(S’T),

1-p
1-A . . . . .
wherep=m is the discount rate for the plaR,is the (steady-state) real interest rate, Arisl

the exogenous exit rate.

Entering Plant’s Problem
Conditional upon entering, a plant invest]) in plant productivity. This investment leads to a
probabilityq of drawing plant productivity from the sﬁgl | denote the optimal investment decision by

q. Potential entering plants make their entry decision knowlrg they face a distribution over
potential draws for the pais,t). The expected value of entering plants is given by,

W.= mqax{q 2WEDg, D+ Y WETI 61) - C(q)} -C.

Whether a potential entering plant decides to enter or not depentlse expected value of
enteringWe being greater than zero. In equilibrium with enW(:j must be equal to zero since otherwise

additional plants would enter. This condition is typicadiferred to as the free-entry condition.
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Definition of equilibrium
A steady-state competitive equilibrium with entry is a wage rat®, a rental rate, a lump-sum taX, an
aggregate distribution of plantgs1), a mass of entri, value functions\(s,1), 1(ST), We’ policy

functions K (s1), n(s1), q for individual plants, and aggregate levels of consump@raqd capital
(K) such that:

(i) (Consumer optimizatiom=1/3—(1-9),

(ii) (Plant optimization) Given pricesv(), the functionst, W, andWe solve incumbent and entering
plant’s problems and, n, q are optimal policy functions,

(iii) (Free-entry)lve:O,

(iv) (Market clearing)

1 = SnenuE,
K = YkEOuET),
C+aK+cN+c@N = 3 feknuET),

(v) (Government budget balance)

T+Y tfknuED) =0,

(vi) (1 is an invariant distribution)

N_
-quH@tLDsDSMDn
HET) =

(- g, 61,0508,

3. Calibration

| calibrate the model to data for the United States assuminghtkas an economy with no distortions.
The general strategy follows Cooley and Prescott (1995) ibratifig the neoclassical growth model. A
period in the model corresponds to one year in the data. $beudit factor is selected to match a real
rate of return of 4%, implyin§=0.96. The parameter controlling decreasing returns to scale plaiht

is quantitatively important. | assuraey=0.85. Recent related studies have argued for values around this
level, in particular, Atkeson and Kehoe (2005) using manufagtudata. But others using different
calibration procedures and emprical stratepeege arrived to similar values (see for instance Veracierto,
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2001; Basu and Fernald, 1997; and Atkeson, Khan, and Ohdr§i@6). For more discussion on the
implications of this choice see Restuccia and Rogerson (200/n @his value, | separate andy
according to the income share of capital and labor (1/3 and #8gea=0.28 andy=0.57. The
depreciation rate of capitalis chosen so that the capital to output ratio is equal ito#ying 6=0.10.
The exit rateA is assumed to be 10% consistent with the evidence of johudish rates in Davis,
Haltiwanger, and Schuh (1996) and exit rates of plants iodty(2000).

In the economy with no distortions there is a simple mappétween plant-level productivity and
employment. So | choose the range of productivity to matehahge of employment levels in the data.
With the lowest plant productivity normalized to one, thlibration implies that the highest
productivity is 3.78. | use a log-spaced grid of plantpativity with 100 points, i.ens=100. The next

step is to restrict the probability distributions. | cbecmé to be 20% ofns. With the calibrated
distributions this implies that plants in the §Etrepresent close to 40% of all plants. The mapping of
productivity to employment implies that | can choose value{iqlm'f'(s),(l—q)hl_(s)] to match the
distribution of plants across employment sizes. This autstriction on the values qfanth(s) and
hL(s). For the cost function(q), | setg=2 and then chood® so that the equilibriungj=0.615 which is

the value implied by the U.S. plant data. | use statisties flee U.S. Department of Commerce (1997),
Census of Manufactures in order to restrict these distribufio important property of the U.S. plant
data is that there is a large number of plants with a smalbeuof workers and therefore these plants
account for a small share of the employment in the economy.t&lBoW of the plants have less than 10
workers and these plants account for only 4% of the employmiie only half of a % of plants have
more than 2,500 workers and represent 30% of the employfahbié 3 reports these statistics from the
data and the calibrated economy. As the table shows, the calibratemgcmatches the distribution
statistics very well. Table 4 summarizes the parameter values gatsttar the calibrated economy.

Table 3
DISTRIBUTION OF PLANTS AND EMPLOYMENT

Share of (%)
Establishments Employment
Workers Data Model Data Model
Less than 10 51.4 51.4 4.0 3.8
Between 10 and 50 31.2 31.2 15.2 13.6
Between 50 and 500 16.0 16.0 48.3 43.8
More than 500 14 14 325 38.8

Source: U.S. Department of Commerce.
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Table 4
CALIBRATION

Parameter Value Target
a 0.28 Capital income share
\ 0.57 Labor income share
B 0.96 Real rate of return
1) 0.10 Capital to output ratio
Ce 1.0 Normalization
A 0.1 IAnnual exit rate

{Sl,...,Sns} , hH(S), hL(S) see text Size distribution of plants

né 20 -
[0} 2 Baseline
B 2.4 =0 615

Source: Own assumptions.

4. Quantitative analysis

| study three types of experiments in the model. First,nsicier a modification of the benchmark
economy to allow for an increase in the cost of entry of pk%ntﬁhis higher cost of entry is motivated

by a variety of evidence for Latin American economies. Second sldmmpolicies that distort the prices
faced by different producers, what Restuccia and Rogerson (2@07idiosyncratic distortions. In
particular, | evaluate a policy configuration where the outpuhef50% most productive plants gets
taxed at the rate of 10% and the remaining 50% of plants bstd&zed. | choose the subsidy rate to
maintain capital accumulation as in the benchmark economy. Thicdmpute equilibrium for an
economy that features the previous two scenarios — a highercestrgnd policy distortions. Tables 5
and 6 summarize the results of these experiments. All stat{sticept distributional statistics) are
reported relative to the benchmark economy without distoraadswith the normalized entry cost of 1.

Entry costs

Higher entry costs discourage plants entering the market (semrcduin Table 5). This reduces
productivity compared to the benchmark economy because plant sizestarted. With the higher
entry cost the average plant has more workers than in the benabecoadkmy. The aggregate effect of
the higher entry cost is not large, it reduces output pekeran about 5% compared to the benchmark
economy. The effect of the higher entry cost on average establisbiaeis somewhat mitigated by the
fact that the lower wage rate encourages more investment in phahuicgvity, so q in this economy is
76% as compared to 61.5% in the benchmark economy.
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Table 5
AGGREGATE IMPLICATIONS
B.E. Experiments
c =1 c =15 c =1 c =15
e e e e

Variable =0 =0 1=0.1 1=0.1
Relative Y 1.00 0.95 0.69 0.60
Relative TFP 1.00 0.96 0.69 0.61
Relative E 1.00 0.62 1.85 1.19
Relative w 1.00 0.95 1.00 0.95
q 0.62 0.76 0.11 0.08

Source: Own calculations.

Table 6
DISTRIBUTIONAL IMPLICATIONS
B.E. Experiments
c =1 c =15 c =1 c =15
e e e e
Variable =0 =0 1=0.1 1=0.1
Relative Y 1.00 0.95 0.69 0.60
Share of
Establishments:
<10 0.51 0.32 0.50 0.50
10 to 49 0.31 0.41 0.26 0.03
50 to 499 0.16 0.25 0.24 0.47
=500 0.02 0.02 0.00 0.00
Share of Employment:
<10 0.04 0.02 0.04 0.03
10 to 49 0.14 0.11 0.35 0.02
50 to 499 0.44 0.41 0.57 0.92
=500 0.38 0.46 0.04 0.03

Source: Own calculations.

Idiosyncratic Distortions

I now implement a set of policies that create differences in thgubprices of different producers.
Many policies take effectively this form and Restuccia and Rogef2007) study a general
configuration of these policies. | set the tax rate to 10%tlael compute the subsidy rate that leaves
capital accumulation the same. Holding capital accumulation constamdtivated by the observations
discussed above that capital accumulation is not a fundamentalifeeiqriaining low relative GDP per
worker in Latin America. The effect on output per worker igdarfor this policy (see Table 5 column
3). Output falls by more than 30%. This is mainly theultesf a systematic distortion on plants —
productive plants become small because of the tax on outpuw wiplroductive plants become larger
because of the subsidy. This distortion entails a misallocaticesources across plants with different
productivity. In addition, the policy leads to decrease irestment in plant productivity sg falls to
11% compared to 61.5% in the benchmark economy. This dhiésdistribution of plants by
employment size to the left, reducing the average establishmenh simge than 40%. This effect on
the average establishment size is consistent with the evidenceb@utT{2000) that production in
developing countries takes place in smaller units (see Tableh@n Wbmbined with higher entry costs,
policy distortions create a fall in output per worker andipobivity of almost 40% (see Table 5 column

29



CEPAL - Serie Macroeconomia del desarrolfogd The Latin American Development Problem

4). This is the magnitude in productivity that is neededyenerate an output per worker difference
between Latin America and the United States when capital accumutatogrmented to include human
capital.

Discussion

While the policy experiments considered above are simplified astthah they capture the essence of
the empirical evidence on the cost of doing business in Latierisa relative to developed countries
and the systematic bias against large and productive establishiénmisfly discuss some of this
evidence. There is abundant evidence on the higher cost of daimgess in Latin America. The most
well-known empirical cases are De Soto (1986) and Djankov, lta,Ploopez-de-Silanes, Shleifer
(2002). For instance, according to the data on barriers g iaribjankov et al. (2002), Latin American
countries have a cost of entry for firms — a measure of cosito§ (time and goods) relative to per
capita GDP — that ranges between 20 to 300%. These costs repessetitan 2% in developed
economies (See some of these figures in Table 7). More rectmlZwVorld Bank has collected
systematic data for a large number of countries ranking theratégories such as starting a business,
dealing with licences, protecting investors, enforcing contraetde and other restrictions. The data is
reported every year, the most recent being Doing Business @@@8 World Bank, 2008). Not
surprisingly, Latin American economies rank at the bottormost of these measures (See also Fantoni,
2007). Broader measures of regulation and their effect on ecopariormance have been constructed
and analyzed by Loayza, Oviedo, and Serven (2007). Again thdsesinddicate that Latin America
has an overly regulated economy, many of these restriction énfpgker costs of operating a business
but many of them become a de facto tax on large and productias. flfor instance, Galindo,
Schiantarelli, and Weiss (2007) document the empirical evidence @®veloping countries that
financial reforms affect the allocation of investment, leadingigber productivity.

Table 7
BARRIERS TO ENTRY IN LATIN AMERICA

Country Cost
USA 2
Chile 24
Argentina, Colombia =35
Brazil 45
Peru, Uruguay, Venezuela (Bol. =53
Rep. of)
Mexico 83
Ecuador 91
Bolivia 300

Source: Djankov, S., La Porta, R., Lopez-de-Silanes, F., and Shleifer, A. (2002).
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V. Conclusions

In this paper | make two main points. First, | show thatand declining
GDP per capita in Latin America relative to the United States (vt
the development problem of Latin America) is due to low andirdeg|
relative total factor productivity. In other words, the depetent problem
of Latin America is a productivity problem. | calculate thatoider to
explain a factor of 1 to 4 difference in GDP per worker betwesgin L
America and the United States only a 1 to 1.6 difference inWidtid be
needed. The larger difference in GDP per worker arises as an
amplification of productivity through physical and human tdpi
accumulation. Second, | consider a framework where institutaoms
policy distortions create a misallocation of factors across hyeemus
producers that explain the low relative productivity in Lafimerica.
Barriers to formal market entry, regulation and barriers topetition,
trade barriers and employment protection, among others may the at
core of productivity differences between Latin America and theednit
States. Removing these barriers can lead to an increase in lorejative
GDP per worker in Latin America of a factor of 4. This increase
income amounts to 70 years worth of U.S. post-WWII devetoq.
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Annex
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Annex A

Data sources and definitions

The data covers 10 Latin American countries. These are ArgentidizjaB®razil, Chile,
Colombia, Ecuador, Mexico, Peru, Uruguay, and Venezuela R&g. of). For most countries the time
series include data from 1950 to 2005. The main source ofsdita Conference Board and Groningen
Growth Centre (2007).

| use data from Penn World Tables version 6.1. (see Hestonmé&rs, and Aten, 2002) to
construct annual time series of PPP-adjusted investment tor&DPThis series cover the period 1950
to 2003 for all countries. | use the investment rates aniatienal prices to obtain a measure of physical
capital to output ratioK/Y)at international prices. | proceed as follows: (1) Estinfdtéin 1954 using
the averagd'yY from PWT 1950-54 and the steady-state relationship impljeal standard Solow model,
Iy
(n+g+d+ng)
0 is the depreciation rate of capital. | assmﬁlL)en+g+ng+6=O.10. (2) Usd/Y to computeK/Y over time

i.e.,,K/Y= wheren is the growth rate of populatiog,is the growth rate of productivity, and

using the standard capital accumulation equatidnt+l=(1—6)Kt+lt. This  implies,

K K, 1
t+1 t 't . . o
AR {(1—6) Al 7} whereg is the gross growth rate of output (growth in outpert capita times
t+1 t ot

population growth).

The physical capital stock in domestic prices is from Nehrudradeshwar (1993).
The sectoral data is from Duarte and Restuccia (2006) for detailthe appendix.
Data on years of schooling is from Cohen and Soto (2G@€)dlso Barro and Lee, 2000).

All series are trended using the Hodrick-Prescott filter @wigmoothing parameta=100 before
any ratios are computed.
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