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Abstract

Explaining levels of economic development hinges on explaining TFP differences across coun-
tries. In poor countries, total factor productivity (TFP) is particularly low in sectors producing
tradable goods. We document that an important difference between tradable and non-tradable
sectors is their average establishment size: tradable establishments operate at much larger scales.
We develop a model co-determining aggregate TFP, sectoral TFPs, and scales across industrial
sectors. In our model, financial frictions disproportionately affect TFP in tradable sectors where
production requires larger fixed costs. Our quantitative exercises show that financial frictions
explain a substantial share of the observed cross-country relationship between aggregate TFP,

sectoral TFP, and output per worker.
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“It was the best of times, it was the worst of times, it was the age of wisdom, it was
the age of foolishness, it was the epoch of belief, it was the epoch of incredulity, it was
the season of Light, it was the season of Darkness, it was the spring of hope, it was the

winter of despair...” Dickens (1859), p.1

“England and France, which in terms of the level of development and technology were
roughly comparable at the middle of the eighteenth century ... went through radically
different paths of development. England went on to develop and benefit hugely from
the factory system and large-scale production, whereas France remained a nation of
small farms and cottage industries for the next hundred years.” Banerjee and Newman

(1993), p.292

1 Introduction

Income per capita differences across countries are mainly accounted for by lower TFP in poor
countries (Klenow and Rodriguez-Clare, 1997, Hall and Jones, 1999). More disaggregated data
show that the TFP gap between rich and poor countries differs systematically across sectors in
the economy. Poor countries are particularly unproductive in producing equipment and goods that
can be traded for equipment.! Besides directly explaining the level of per-capita output, sectoral
productivity levels are also central in explaining cross-country variation in capital accumulation
because differential productivities affect the relative price of equipment.? Thus, an important task
in development economics is to understand the causes of such sectoral differences in TFP.

In this paper, we propose and quantify a theory of aggregate and sectoral-level TFP based on
cross-country differences in financial development and cross-sector differences in the optimal scale
of establishments. Both of these underlying premises have strong empirical support.

The first premise, cross-country differences in financial development and their underdevelopment
in poor countries in particular, has been well-established in the literature. King and Levine (1993)
and Beck et al (2000) show that aggregate measures of credit and financial development are strongly

related to output per capita, while La Porta et al (1998) document that these macroindicators are

'Balassa (1964) and Samuelson (1964) are the classic citations for tradables and non- tradables. Hsieh and Klenow
(2007a) and Herrendorf and Valentinyi (2007a) are more recent contributions.
?See again, Hsieh and Klenow (2007), Eaton and Kortﬁm (2001), and Jones (1994).



strongly related to underlying institutional differences like the enforcement of contracts, creditor
protection, etc. Banerjee and Duflo (2005) review the micro-evidence for credit constraints in poor
countries and their important role in the misallocation of capital. Hsieh and Klenow (2007b) show
that, when producers have heterogeneous productivity, misallocations can have a large effect on
aggregate productivity in China and India. Townsend (forthcoming)’s study of Thailand is more
explicit in linking observed misallocations to micro-level credit constraints and showing how their
relaxation through financial development leads to rapid growth.

The first contribution of this paper is to establish the second premise: cross-sectoral differences
in establishment size, measured as workers per establishment. Using detailed sectoral data, we
document that the average establishment in the tradable sector is three times as larger as that in
the non-tradable sector in the U.S.?, and large sectoral differences in establishment size are robustly
observed in a wide range of countries. Furthermore, using price data for a cross-section of coun-
tries, we show that at a disaggregate level, poor countries are relatively unproductive in industries
with larger scales. Hence, establishment size appears to be a deep and important technological
distinction.

These observations lead us to study a model with sectoral scale differences and to quantify how
financial frictions distort scales of operation in the different sectors.

We model production in which heterogeneous entrepreneurs face fixed costs of operating an
establishment. Entrepreneurs face limited span of control, however, so that average cost curves are
U-shaped. Sectors differ in their fixed costs, and hence their profit-maximizing scale. Tradable sec-
tor establishments face a large fixed cost, and hence operate at a large average scale. Heterogeneous
agents choose sectors and occupations. Individuals differ in their sector-specific entrepreneurial pro-
ductivities and in their wealth, with the latter being endogenously determined by the interaction
of forward-looking saving decisions and the process for productivity. The heterogeneity in the
productivity of entrepreneurs leads to within-sector variation in the size of establishments.

In a frictionless economy, sectoral and occupational choices are based on comparative advantage;
the most able individuals become entrepreneurs and the distribution of capital equalizes marginal
products of capital across sectors and establishments. With financial frictions — which we model

with endogenous enforcement constraints — entrepreneurs’ investment decisions are constrained by

3Buera and Kaboski (2008) document related differences in establishment size between manufacturing and services.
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their available wealth. The decisions of whether to become an entrepreneur, in which sector, and
how much capital to invest are driven not only by ability but also wealth. Financial frictions
distort these decisions, leading to suboptimal entry of entrepreneurs, lower average productivity,
and suboptimal investment and scale. These effects of financial frictions are disproportionately
manifest in the large-scale tradable sector.

We provide a quantitative analysis of our theory of TFP across countries and across sectors. We
discipline the analysis by requiring that a benchmark model with well-functioning credit markets
matches a rich set of moments on sector-specific size distributions of establishments across sectors
and within sectors, e.g., average differences in size across sectors, thick right-tails within broadly
define sectors, the dynamics of establishments, and income concentration by entrepreneurs. We
then employ data on the use of external financing to calibrate the variation in financial development
across countries and quantify its effect on TFP. Finally, we leave cross-country data on the size
distribution to be used as overidentifying restrictions to test additional implications of the theory.

We find financial frictions to be quantitatively important in explaining the implied patterns in
relative TFP between tradables (large-scale) vs. non-tradable (small-scale) output. In our baseline
calibration, these frictions can produce incomes as low as half of the output per worker in the United
States. Although not yielding the full variation in output per worker or relative TFP observed in
the data, the model nonetheless roughly reproduces the implied cross-country elasticity between
the two. Most of the variation in relative TFP is due to the differential effect on the average ability
of entrepreneurs in a sector, while the balance comes from differential levels of misallocation of
capital and labor among entrepreneurs.

The patterns of relative TFP are directly linked to patterns in relative prices, hence we equiva-
lently explain nearly all of the cross-country elasticity of the relative price of tradables with respect
to output per worker. The higher relative price of the tradable investment goods in the model
leads to lower rates of capital accumulation in poor countries. The baseline model explains XX of
the variation in steady state capital/output ratios, which in turn explains about XX percent of the
variation in observed output per worker across countries. The misallocations caused by financial
frictions also lower aggregate TFP, however, and these account for XX of the observed variation
in aggregate TFP, and in turn forty percent of the variation of output. Again, together these two

effects can produce output per worker as low as Ealf of that in the United States.



Our mechanism for differential impact of financial frictions across sectors yields a novel and
important testable implication on the relative size of tradable vs. non-tradable establishments in
an economy with strong financial frictions. Namely, the frictions, together with the higher relative
price of tradables and lower wages that result from them, lead to too many entrepreneurs with
too small of establishments in the non-tradable sector, and too few entrepreneurs with too large of
establishments in the large-scale sector. ¢ We evaluate this implication empirically with detailed
data designed for cross-country comparibility. Using OECD data for a broad set of eleven countries
whose levels of development vary, we show that the relative scale of tradable establishments is sub-
stantially larger in poorer countries. We supplement this evidence with a detailed case study of the
U.S. and Mexico, which integrates Economic Census data (based on the common North American
Industrial Classification System) with a Mexican survey of small businesses (which provides data on
small-scale, mobile, informal entrepreneurs). Average scale in Mexico is substantially lower overall,
but within the tradable sector, industries with large-establishments in the U.S. tend to have even
larger establishments in Mexico. These also tend to be industries associated with a high degree of

dependence on external finance.

Related Literature This paper is most closely related and complementary to two others in
the literature that emphasize the differential effects of financial frictions on manufacturing indus-
tries.” Rajan and Zingales (1998), an empirical paper, creates an index of dependence on external
sources of financing for each industry and test whether industries that are particularly dependent
on financing grow relatively faster in countries with strong financial systems. We reconstruct their
measure of industry-specific financial dependence for our analysis of Mexico and the U.S. mentioned
above and show that differences in scale between the U.S. and Mexico are significantly related to
the industry’s index of financial dependence. That is, Mexico has larger establishments (relative

to the U.S.) in financially dependent industries. Erosa and Hidalgo (forthcoming) is a theoretical

We focus less on the implications for absolute establishment sizes, since we view financial frictions as one of many
potential factors distorting the average scale of establishments in developing countries. Technological differences is
one obvious difference. Hsieh and Klenow (2007b) highlight the importance of idiosyncratic firm-level distortions,
while Guner, Ventura, and Yi (2007) document specific and direct policy distortions including differential taxation
and hard restrictions on scale, and find them to have quantitative importance.

>This paper also contributes to a vast literature relating financial frictions and entrepreneurship to development,
including theoretical contributions by: Aghion and Bolton (1997), Banerjee and Newman (1991), Castro, Clemente
and Mcdonald (2007), Lloyd-Ellis and Burnhardt (2001), Piketty (1997); and relatively fewer macro-quantitative
studies by: Amaral and Quentin (2006), Buera and Shin (2007), Gine and Townsend (2004), Jeong and Townsend
(2006). 5



paper showing how financial frictions have differential effects on productivity in manufacturing in-
dustries with different fixed cost requirements. Our paper differs from these in three ways. First,
our analysis explicitly combines data and theory by quantifying the effect of financial development
on sectoral productivity. Second, we introduce scale as an empirical measure related to setup costs
and financing. Finally, we broaden the analysis to encompass the tradable and non-tradable sectors,
and emphasize their scale differences.

The next section documents the key facts that motivate our analysis. Section 3 develops the
model, and calibrates the model with no credit constraints. Section 4 presents the quantitative
experiments and evaluates the size distribution implication of the theory using detailed sectoral

data from the U.S., Mexico and the SSIS panel. Section 5 concludes.

2 Facts

This section documents the key facts in our study. First, we revisit the Balassa-Samuelson fact of
the positive relationship between relative productivity in tradables and output per worker. Second,
we show that a similar relationship holds between relative productivity and financial development.
Third, we identify scale as a primary distinction in technologies between sectors. Finally, we show

at a disaggregated level, that the relative price-income relationship is related to scale.

2.1 Relative Productivity and Development

The Balassa-Samuelson fact is that, in poor countries, the prices of tradables are high relative
to those of non-tradables. Figure 1 confirms this fact for the 1996 ICP benchmark by plotting
the relative price of tradables against real output per worker from the Penn World Tables 6.2.5
Here the relative price is produced by creating Geary-Khamis aggregated prices for tradables and

nontradables sectors using 27 disaggregated product categories.” The relative price of tradables

SThere are 115 ICP benchmark countries in 1996. For the sake of maintaining a consistent sample, we present
results based on the 102 countries for which we have data on financial development from Beck et al (2000). The
results using all 115 countries are virtually identical.

"The tradable categories consist of clothing, 9 food and beverage categories, footwear, fuel, furniture/floor cov-
erings, household appliances, household textiles and other household goods, machinery/equipment, tobacco, and
transportation equipment. The non-tradables consist of communication, construction, education, medical/health,
recreation/culture, rent and water, restaurants/hotels, and transportation services. We do not classify four final
goods price categories: “changes in stocks”, “collective consumption by government”, “net foreign balance”, and
“other goods and services”.
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Figure 1: GDP/Worker

has a strong negative relationship with log output per worker. The regression elasticity of -0.37 is
highly significant at the one percent level, and the relationship has an R? of 0.42.

This relationship can be interpreted as reflecting a lower total factor productivity in tradables
relative to non-tradables in poor countries. Indeed, in models with constant returns to scale ag-
gregate production functions, and equal factor shares across sectors, these relative prices equal the
inverse of relative TFP.® Differences in factor shares and the relative supply of factors (e.g., higher
levels of physical capital or human capital per worker) could break this inverse relationship, but
empirically factor shares do not vary greatly across sectors, and if anything, the non-tradable sector
tends to be intensive in human and physical capital.’ Explaining the source of this relative TFP

vs. output per worker relationship is the goal of the paper.

2.2 Relative Productivity and Financial Development

Financial development is a potential suspect for explaining cross-country differences in relative
productivity. A common measure of a country’s level of financial development is its ratio of external

financing (private credit+private bond market capitalization+stock market capitalization) to GDP

8See, for example, Hsieh and Klenow (2007) who use this relationship to identify aggregate distortions between
capital and labor and sectoral TFP differences.
9See Herrendorf and Valentinyi (2007b) for physical capital and Buera and Kaboski (2007a) for human capital.

7



(LaPorta et al, 1998, Rajan and Zingales, 1998). The relationship between relative prices and
external financing to GDP ratios (taken from Beck et al, 2000) is quite similar to the Figure 1
relationship between relative prices and GDP. The estimated elasticity of 0.32 is slightly lower, but
the R? of 0.50 is slightly higher.

A priori, the strength of the relationship points to financial development as potentially strongly
related to the Balassa-Samuelson fact. In the model we develop, it is financial development rather
than output per worker that is the causal force behind both relative prices and output differences.
A simple joint regression of log relative prices on both log GDP /worker and log external financ-
ing/GDP gives suggestive evidence toward this interpretation. In this joint regression, the elasticity
with respect to external financing (0.23) is 50 percent higher than the coefficient with respect to

output per worker (0.16) with a substantially smaller standard error.'”

2.3 Scale Differences Across Sectors

The second key fact that motivates our study is the large difference between tradables and non-
tradables in the average scale of productive units. These sectoral scale differences are suggestive of
technological differences. We will argue that these technological differences interact with financial
development, so that financial development affects large- and small-scale sectors differentially. Two
empirical proxies are used for the scale of technologies: workers per establishment and workers per
enterprise. Establishments are locations of business, so that a single enterprise, Walmart, for
example, may have multiple establishments.'!

Table 1 presents measures of average scale across broad final goods sectors of the U.S. economy.!?
The first two columns are based on 2002 data from the OECD Structural Statistics for Industry
and Services (SSIS) database. These data are useful because they provide both establishment and

enterprise data in a comparable ISIC 3.2 4-digit classification, which can be used for comparison

0Measurement error in either output per worker or financial development could confound these estimates, to the
extent that one is a mismeasured proxy for the other.

" The different data sources also include two different measures of workers: number of employees and total number
of persons engaged. The major difference is that the latter includes proprietors, while the former may includes some
types of temporary or contract workers. For some countries, we have both measures, and the two mirror eachother
well.

12These sectors are constructed to reflect final goods categories covered in the ICP data. Manufacturing consump-
tion includes food, beverages, textiles, clothing, medicine, furniture, appliances, TVs and radios, cars, household
items, and media. Equipment includes all manufactured equipment not included in consumption. Together, these
two encompass tradables. Services includes accomodation/food services, arts/entertainment, communication, educa-
tion, FIRE, health, retail, sewage, transportation, and wholesale.



across OECD countries. The third column is based on data from the 2002 U.S. economic census,
which is on an establishment basis using the NAICS 8-digit classification.'®> We present simple

averages, a measure of interest to our model and calibration.

OECD SSIS Data U.S. Census Data

Workers Workers Workers

per Estab. per Enterp. per Estab.

Manuf. Cons. (m) 33 37 42
Services (s) 9 18 16
Equip. Invest. (e) 56 62 81
Const. Invest. (c) 13 9 10
Tradables (m+e) 43 48 48
Non-tradables (s+c) 12 15 15

Table 1: Scale by Sector, U.S.

Whether establishment or enterprise is used as the unit of measure, average scale varies consid-
erably across these broad sectors of the U.S. economy. The top breaks out scale by disaggregated
sectors: manufactured consumption, services, equipment investment, and construction. Manufac-
tured consumption and equipment investment tend to be large scale, while services and construction
are smaller scale. This distinction is precisely the tradable vs. non-tradable distinction in the two
rows below.'® Hence, the tradable sector is substantially larger scale than the non-tradable sector.
In the SSIS data for workers per establishment, the tradable sector is over 3.5 times as large (43
vs. 12). The ratio of tradable scale to non-tradable scale is smaller using enterprise as the unit,
but still over 3 (48 vs. 15). Finally, the U.S. census establishment data, yields larger numbers for

scale, but the ratio is still above 3 (again 48 vs. 15).16

13There are also subtle differences in definitions of workers across the two samples. In particular, the SSIS data
measures “number of persons engaged”, which includes proprietors. The census data is “number of employees” and
excludes proprietors.

" The data are simple averages across establishments, calculated by weighting 4-digit industries (OECD SSIS data)
and 8-digit industries in the U.S. census data by the number of establishments in a industry. One source of the larger
values for the U.S. census data come from the fact that air transportation and rail transportation have been dropped
from the SSIS data to assist cross-country comparison.

We lack comparable scale data for agriculture, a third component of tradables. In advanced economies,
land/capital investments per farm are substantial, but workers/farm may not be large.

"“Buera and Kaboski (2007b) build on the related scale distinction between manufacturing and services.
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In the model we develop in the next section, differences in scale will be driven by differences in
fixed costs across sectors. Establishment is our preferred unit of reference because we think it more
often reflects the technology of production, but for some technologies (e.g., Walmart), these costs

may be at the firm level, and data availability also dictates which measure we use in some cases.

2.4 Relative Prices and Scale

We have seen that the relative price of tradables is high in poor countries and that tradables are
also large scale. A natural question to ask is whether relative prices and scale are related at a finer
level. We examine this using disaggregated ICP price data from the 1996 benchmark. We map
these disaggregated ICP categories into measures of scale using the U.S. Economic Census data.
We proxy a ranking of the optimal scales of technology by taking average scale across an available
set of eight countries with comparable data.'” We then map ICP categories into closely matched
groups of industries and calculate average scale for these industry groups.'® Finally, we ran cross-
country regressions of 2794 disaggregated ICP price data from 112 countries log output per worker,
log industry scale, and the interaction of log income and log scale. The resulting regression equation

is (with t-stats in parentheses):

log pss = —7.25 + 0.71 log (;) + 0.97log (1) — 0.10 log (y;) log (I5) , R? = 0.21
Bpis = T2+ 0T g (i) + 097 g (Is) 019 1oz (v:) g (Is)

where p; s is the 1996 price of sector s in country ¢, y; is the output per worker in 1996 international
prices, [ is the average number of workers engaged per enterprise. The coefficient of -0.10 on
the interaction term indicates that prices of the output of industries with large optimal scale
are relatively high in low income countries. Given the log difference between tradables and non-
tradables above, i.e., log(48/15),=1.2, The coefficient of -0.10, implies a relative price elasticity

with respect to output per worker of 12 percent, about one-third of the full relationship in Figure

'"TOECD SSIS data — which covers all industries, not just manufacturing — is available for eight countries (Britain,
Czech Republic, France, Germany, Hungary, Poland, Portugal, Slovak Republic), but only at the enterprise level.
We therefore use number of persons engaged per enterprise as our measure of scale. At a disaggregated level, there
is a high correlation among scale in different countries. However, we average across many countries to smooth out
idiosyncratic variation that comes from variation in local market structure, government regulations, etc.

18 A reliable mapping could not be done for four of the 29 ICP categories: “other household goods”, “operation of
transportation equipment”, “other goods and services”, and “collective consumption by the government”. Also, due
to a lack of data on agriculture, only the scale of food manufacturing establishments could be used. It is at least
comforting that none of the food categories appeared to be outliers.
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1 above. Still, mismeasurement in scale at a disaggregate level would make our estimate of -0.10 a
lower bound.

The general magnitude and significance of this result at a 5 percent level is remarkably ro-
bust. Alternative specifications used country-specific fixed effects in place of controlling for log (y;),
category-specific fixed effects in place of controlling for log(scales), and log(external finance/GDP;)
in place of log (y;) in both the level and interaction terms. The significance of the result at the 5%
level was also robust to clustering standard errors by country or ICP category.

Why might poor countries, with underdeveloped credit markets, be particularly unproductive
in operating technologies with large optimal scales? In sectors where the optimal scale is larger,
entrepreneurs who cannot borrow due to credit constraints take longer to self-finance their capital.
Moreover, to the extent that scale reflects large set-up costs, we view scale as being directly related
to financial dependence.'® The fact that poor countries tend to have lower levels of financial inter-
mediation and lower levels of investor protection has been well-documented in other existing papers
(see King and Levine, 1993, and LaPorta et al,1998). The rest of the paper develops a quantitative

model to explain these patterns based on poor countries having tighter credit constraints.

3 Model

We model an economy with two sectors, s = NT' (small-scale, non-tradable consumption sector), T
(large-scale, investment goods/tradable consumption sector); and, in each sector, two occupations
(worker and entrepreneur/manager). The economy is open and takes the price of tradables as fixed;
in the end, with only one tradable good, openness will simply set the price of the tradable output.

There is a measure N of infinitely lived individuals. Individuals are heterogeneous in their
initial wealth (a) and the quality of their entrepreneurial ideas, z = (zn7,2r). The vector of
entrepreneurial ideas is drawn from the distribution p(z). Entrepreneurial ideas “die” with a
constant hazard rate of 1 — «, and a new vector of ideas is drawn from the distribution u(z). The

parameter v therefore controls the persistence of the process of entrepreneurial ideas.?’

Indeed, our model is based on a different measure of financial dependence than Ranjan and Zingales (1998),
since the set up cost in our model measures absolute need, while they measure the fraction of investment that is
externally financed. The two are nonetheless related; for the manufacturing industries they consider, log average
workers/establishment is positively related to their financial dependence index for young firms, and mildly significant
at the 6 percent level.

20In a life-cycle interpretation of the model this can be due to the fact that the current generation dies and is



In each period, agents choose their consumption, savings and occupation, i.e., whether to work
for a wage or operate a business in sector NT or T. Agents’ occupational choices are based on
their comparative advantage z and their access to capital. Access to capital is limited by agents’

wealth a because individuals cannot commit to repay their debts and rental contracts.

Preferences Individual preferences are described by the following expected utility function over

sequences of pairs of sectoral consumption ¢; = (en74, c1¢),

Ule)=E|> Bulc) (1)
t=0

1—0
where u (¢;) = (c}\,_Tl/E + C%F_l/e) -2 /1 — o, B is the discount factor, o the coefficient of risk-

aversion (and the reciprocal of the intertemporal elasticity of substitution), and ¢ is the intratem-
poral elasticity of subtitution between non-tradables and tradables. The expectation is over the
realizations of the sequence of entrepreneurial ideas (z), which depend on the stochastic draws from

u(z) and stochastic death of ideas (7).

Technology At the beginning of a period, an individual with vector of entrepreneurial ideas z
and wealth a choose whether to work for a wage w or operate a business in any sector s = NT,T. To
operate a business, individuals must pay a sector-specific fixed cost of k¢ units of the sector’s output

t.21 The crucial assumption is that the fixed cost to run a establishment in

to run an establishmen
the tradable sector is larger than that of the non-tradable sector, kK > ky7.
After paying the fixed cost, an entrepreneur with talent z produces using capital (k) and labor

(1) according to the following function:
zof (k1) = zk*1°

where a and 6 gives the elasticity of output with respect to capital and labor, and oo 4+ 6 < 1

replaced by someone that does not share the same talent. Alternatively, this shock can be interpreted as changes in
the “market conditions” that changes the profitability of individual skills.

2'We also consider an extension where the sectoral scale differences are driven by one-time setup costs. In this
extension, we need to carry an additional state variable b = 0, NT, T, telling us whether in the previous period an
individual was a worker, an entrepreneur in the NT sector, or an entrepreneur in the T sector. Obviously, credit
frictions will have larger impacts when financing needs are frontloaded as is the case with set-up costs

12



implying that there are diminishing returns to scale to variable factors at the plant level.

Given factor prices R and w, the profit of an entrepreneur equals

s (k,l; R,w,p) = pszskalg — Rk — wl — psks

For later reference, it is convenient to define the (unconstrained) optimal level of capital and

labor inputs in the case that production is not subject to financial constraints

uoqu\ agf —
(k&) 12) —argrrllﬁx {pszsk I” — Rk wl}.

Credit and Rental Markets Individuals have access to competitive financial intermediaries,
who: 1) receive deposits, 2) accumulate and rent capital k at a price R, and 3) lend to entrepreneurs
to finance their fixed cost psks. In the benchmark model we restrict the analysis to the case where
both borrowing and capital rental are within a period, i.e., a > 0. > The zero profit condition
implies the rental rate of capital, R = r + §, where r is the deposit and lending rate and § is the
depreciation rate.

Both borrowing and the rental of capital by entrepreneurs are limited due to enforcement prob-
lems. In particular, we assume that after production have taken place individual have the option
to default carrying a fraction (1 — ¢) of the revenue net of labor payments and the undepreciated
capital, (1 — @) [pszsf (/;;, l) —wl + (1 —0) k]. The only punishment associated with default is the
garnishment of an amount ¢ (k + psks) of assets and the exclusion from rental and credit markets
in the current periods. In the following periods agents regain access to financial markets.

We consider equilibrium where the rental of capital is guaranteed to be honored (enforceable).
In particular, we study equilibrium where the rental of capital is restricted to be lower than a rental
limit &° (a, z; ¢), a sector specific function of the individual state (a, z). We choose the rental limits
k* (a, z; ¢) to be the largest limits that are consistent with entrepreneurs repaying their rental and
borrowing contracts. Without loss of generality, we restrict rental limits to k° (a, z; ¢) < k% (2).

The following proposition provides a simple characterization of the set of enforceable contracts

and the rental limits k° (a, 2; ¢).

22When considering the case ks is a one-period setup cost (see footnote 21), we allow for between periods borrowing,
i.e., —a < a’ < 0. The lower bound a is defined to be the most generous debt limit that is enforceable conditional on
borrowers not being hit by an ability shock, i.e., 2’ = z. 13



Proposition 1 i) Capital rental k in sector s by an entrepreneur with wealth a and talent z is

enforceable iff

pszsf (k1) —wl — Rk — (1 +7)psks + (1 +7)a

> (1= 9)[pszsf (k,1) —wl+ (1 —0)k]. (2)

ii) The largest limits that are consistent with entrepreneurs repaying their rental and borrowing

contracts and k* < k¥ (2) are given by a function k® (a, zs; @) that is increasing in a, zs and ¢.

Proof. See Appendix. m

Condition (2) simple states that the income of an entrepreneur repaying hers rental and credit
obligations (left-hand side) has to be at least as large as the income of a defaulting entrepreneur
(right-hand side). That this condition is sufficient to characterize enforceable allocations follows
from the assumption that defaulting entrepreneurs regain access to financial markets in a period.

This proposition also provides a convenient way to operationalize the enforceability constraint
using simple rental limits &° (a,2;$).2> As long as the unconstrained level of investment is not
enforceable, the rental limit k° (a, 2; ¢) is implicitly defined as the larger root of the equation given
by the equality in condition (2). Rental limits increase with the initial wealth of entrepreneurs as
the amount that needs to be externally financed decreases and so does the temptation to default.
Similarly, rental limits increase with the talent of an entrepreneur due to the fact that talents and
capital input are complementary, and that defaulting entrepreneurs are relatively less capitalized.

In the rest of the paper, we restrict individual’s capital inputs to be not greater than the rental
limits &* (a, z; #). The rental limits are parametrized by the scalar ¢. This one-dimensional para-
meter captures the extent of frictions in the financial market due to imperfect enforcement of credit
and rental contracts. While the enforceability of contracts as measured by ¢ does not vary across
sectors, due to technological differences across sectors the extend of equilibrium enforceable rental
contracts as captures by the rental limits k* (a, z; ¢) does varies across sectors. This specification

allows for a flexible model of limited commitment that spans economies with no credit ¢ = 0 and

*3Tn general, the set of enforceable capital rentals does not correspond to k < k°(a,z;$). For example, an
entrepreneur that is only offered the rental of a very low (and unproductive) level of capital will default provided
psks is large enough. Notwithstanding this, the solution to the individual’s problem subject to the rental limits
coincide with the solution of the individual’s problem subject to the choice of enforceable capital rental contracts.
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and perfect credit markets ¢ = 1.

Recursive Representation of Agent’s Problem In this section, we discuss the problem solve
by individuals. In particular, we present the Bellman equations that define the value of an individ-
ual’s problem before the occupational choice v (a, z), and the value of workers and entrepreneurs
in sector s, v* (a, z) and v* (a, z).

Individuals maximize (1) by choosing sequences of consumption, wealth, occupations, the sector
where to start a business if they choose to be entrepreneurs, capital and labor inputs, subject to a
sequence of period budget constraints and rental limits. In what follows, we discuss in more detail
the individual’s problem recursively.

At the beggining of a period, the individual’s state is given by her wealth a and vector of abilities
z. The individual then get to choose between being a worker or become an entrepreneur in sector
NT or T. The value of an individual at this stage v (a, z) equals the maximum over the value of

being a worker v" (a, z) and the value of being an entrepreneur in sector s v*(a,z), s = NT, T,
v(a,2) = max {v" (a,2), 0™ (a,2), 07 (a,2)} (3)

Here, the value of being a worker v* (a, z) depends on an agent’s assets a, but also the productivity
z of an agent’s ideas which may be implemented at a later date. Similarly, the value of being an
entrepreneur in sector s, v® (a, z), depends on the entire vector of entrepreneurial ideas, as they may
switch sectors at a latter stage. We discuss the Bellman equations defining these value functions
next.

Conditional on choosing to be a worker, an individual choose consumption ¢ and tomorrow’s
assets @’ to maximize the continuation value of the problem subject to a standard period budget

constraint. Using , the problem of an individual that works for a wage in the current period solves:

v’ (a,2) = maxu(c)+ B[y (d,2) + (1 —7) Ex [v(d,2)]] (4)

c,a’>0

s.t.

pct+ad <w+(1+7)a
15



where pto denote the vector of sector-specific prices and the current income is given by the wage
w and the asset income (1 +7)a. The continuation value is a function of the end of period state
(d,7"), with 2/ = z with probability v and 2z’ ~ p(z") with probability 1 — ~. In the subsequent
period, individuals again get to choose occupation and the continuation value is given by the
function v (a, 2).

Alternatively, agents can choose to become entrepreneurs in sector s, s = NT,T. The value

function of being an entrepreneur in sector s solves the following Bellman equation:

C02) = _max w@) 8 (62) (1) B [o (e )] ®)

s.t.
pc+a < psf(zs, k1) — Rk —wl — psks + (1+7)a

k< k® (a’ z3 ¢) (6)

where entrepreneur’s income is given by period profits psf (zs,k,1) — Rk — wl net of fixed costs
Psks plus the return to their initial wealth, and their choices of capita input are constrained by the

rental limits k° (a, 2; ¢).

Stationary Competitive Equilibrium A stationary competitive equilibria is given by: an
invariant distribution of wealth and entrepreneurial ideas G (a, z); policy functions o (a, 2), ¢ (a, 2),
a' (a,z), l(a,z), and k (a,z); rental limits k° (a,2;¢), s = NT,T; and prices w, R, r, and p such

that:

1. Given k® (a,z;¢), w, R, v and p, o (a, 2), c(a, 2), a' (a, 2), I (a,2), k(a, z) solve (3), (4), and
(5);

2. Financial intermediaries have zero profits, R = r + §;

3. Rental limits k° (a, 2; ) are the most generous limits satisfying conditions (2) and &* (a, z; ¢) <

k§ (2);

4. Credit, labor, non-tradable consumption, and tradable consumption and investment goods

k lear;
markets clear; 16



5. The joint distribution of wealth and entrepreneurial ideas is a fixed point of the equilibrium

mapping:

3.1 Perfect Credit Benchmark

To clarify the basic mechanics of the model, it is instructive to analyze the perfect credit benchmark,
¢ = 0. This is an economy with perfect borrowing and lending but with no insurance. We will later
use this benchmark economy to calibrate the technological parameters of the model, by matching
key aspects of the size distribution and dynamics of establishments, and the concentration of income
in the U.S. economy.

We present two results characterizing the production side of the perfect credit economy for the
case in which entrepreneurs are a small fraction of the population and ideas follow independent

1) These assumptions yield closed form solutions

Pareto distributions, (zr, zy7) ~ 1 (272NT)
for the net sectoral production functions (i.e., sectoral output net of output used for fixed costs),
the factor shares, and the size distribution of establishments across sectors. The assumptions also
imply that the size distribution of establishments within each sector exhibits a thick tail, a key
feature of the data.?* These results provide key insights that are used to calibrate the technological
parameters of the model to match basic facts about the size distribution of establishments across
sectors and the concentration of income.?

The first result is that net output of a sector is a Cobb-Douglas, constant-returns-to-scale

function of the size of the population (N), the sectoral capital (Ks) and labor (Ls) inputs.

Proposition 2 Provided that ideas are independently distributed Pareto (zn1, 21) ~ 1 (zNTzT)_("H),

and entrepreneurs are a small fraction of the population, the output of a sector net of fixed costs

211f instead entrepreneurial ideas were to be correlated across sectors, the model would deliver a (counterfactual)
thin tail for the distribution of establishments in the sector with low fixed costs.

25We solve the perfect credit benchmark in two steps. First, given an aggregate supply of capital and the intratem-
poral (homothetic) consumption decision, we solve for optimal production decisions, occupation choices, and prices.
We then use the wage and entrepreneurial profits coming from the production side of the economy to solve for the
aggregate savings of individuals facing idiosyncratic shocks to their entrepreneurial ideas. A stationary equilibrium
is a fixed point of these two problems. 17



equals:

1/n fot 2]
Y; (KS,LS; N) — ASN7Q+9+1/77 Ksa+9+1/77 L;+9+1/T7

where 1
(1—a=0) 1TFnlat®) pstis .
[Wﬂ [1—%(1_()[_0_5)]
K nd-a—0)—1
(B + 1] e

As =

Proof. See Appendix. =

From this result it follows that, as in the standard neoclasical sectoral growth model, the elas-

ticities of output with respect to capital and labor are constant, and respectively.

o 0
a+0+1/n a+6+1/n’

Unlike in the standard model, however, the elasticities are not equal to the corresponding factor
shares, since entrepreneurs earn rents. In particular, payments to capital as a share of income

equals:

o RK,
Ks 7 V(K Ly N)
_ [0}

skis/ 1)’

1- gt (1-a-0-3)

Even though factor shares are not precisely constant, for realistic parametrizations of the model,
l—a—60-— % ~ 0, and factor shares are approximately constant.

Our second result addresses the size distribution of establishments in the benchmark economy.
In particular, we show that establishments in either sector are distributed Pareto with tail coefficient
7 (1l —a —0), and the overall establishment size distribution is a mixture of Pareto distributions.
We also show that there is a one-to-one mapping between the value of the fixed cost relative to the

labor cost psks/w and the ratio of the average employment per establishment [ across sectors.

Proposition 3 Provided that ideas are independently distributed Pareto (2N, 21) ~ n? (zNTzT)f("H),

and entrepreneurs are a small fraction of the population, the distribution of employment in each

Pr [zs S z} _ <z(fs)>n<1aa>

sector follows a power law:

where 1 (Z5) is the employment in the marginal establishment; while the distribution of employment

18



in the aggregate economy is given by a mixture of Pareto distributions:

Pr [[> l} . <l (?))n(l—a—@) —m) <l(22)2)}>77(1—a—9) 1)

and the ratio of average employment per establishment across sectors equals:

Is/ly = (pskis/w + 1) / (psrtsg Jw + 1)

Proof. See Appendix. =

This last result suggests a simple way of identifying (i) the relative importance of fixed cost
across sectors and (ii) the parameter of the distribution of ideas by matching (a) the ratio of
average employment per establishment across sectors and (b) the tail of the size distribution of
establishments, respectively. In the next section, we use this insight to calibrate the model, and
then study how credit frictions affect the relative productivity across sectors and the size distribution

of establishments.

4 Quantitative Analysis

In this section we calibrate the perfect credit benchmark to the United States economy. We then
conduct experiments varying only ¢, the parameter which captures the extent of financial frictions,
to obtain variation in external finance/GDP ratios that are quantitatively reasonable given the
range observed in the cross-section of countries. We assess the model’s predictions for TFP, prices,
output, and scale across sectors. Finally, we assess the model’s implications for variation in the

relative scale of sectors vis-a-vis the data from developing and developed countries.

4.1 Calibration

We calibrate preferences and technological parameters so that the perfect credit economy matches
aspects of the U.S. (a relatively undistorted economy): standard macroeconomic aggregates, key
features of the size distribution and dynamics of establishments across sectors, and the concentration
of entrepreneurial income.

We need to specify values for eight parameters: four technological parameters, «, v, xy7 and
19



k1; the depreciation rate, J; two parameters describing the common process for ability, v and n;
the subjective discount factor, 5, the reciprocal of the intertemporal elasticity of substitution, o,
and the intratemporal elasticity of substitution, €.

Two preference parameters, o and ¢, and two technological parameters, -5 and 4, can be

T
choosen by following the relatively standard practive in the literature. We let o = 1.5 and ¢ = 1,26
the one-year depreciation rate is set at § = 0.058, and we choose ;% to match an aggregate share
of capital of 0.33.

We are thus left with the six parameters that are more specific to our study: a + 0, kn7, K7,
n, v, and B.27 We calibrate them to match six relevant moments in the U.S. data as describe in
the first column of Table 2, and suggested by the discussion of Section 3.1: i) the average size of
establishments in non-tradables (15) and tradables (48), ii) the employment share of the top decile
of establishments (0.63); iii) the share of income generated by the top five percentile of earners
(0.30); iv) the exit rate of establishments (0.10); vi) and the real interest rate (0.05).

The identification of these six parameters follows the basic logic discussed in the previous
section. We calibrate the fixed costs, ky7 = 0 and k7 = 5.3, to match the average employment
per establishment in the non-tradable and tradable sectors of 15 and 48, respectively. Given the
returns to scale, a 4+ 6, we choose the tail of the distribution of entrepreneurial ideas, n = 5.3,
to match the share of employment accounted by the top 10% of establishments, 0.63. We can
then infer a + 6 = 0.8 from the income share of the top five percentile of earners; top earners are
mostly entrepreneurs (both in the US data and in the model), and a + € controls the share of
income going to the entrepreneurial input. The resulting share of entrepreneurial income (0.2) is
comparable to calibrated markups in isomorphic monopolistic competition models. The parameter
~v = 0.89 leads to an annual establishment exit rate of 10% in the model. This is roughlyconsistent
with job destruction rates in the U.S. reported by Davis, Haltiwanger, and Schuh (1996) and plant
exit rates in developing countries reported by Tybout (2000), although both studies focus on the
manufacturing sectors. Finally, the model requires a discount factor 5 = 0.92 to match the interest

rate of five percent.

26The intratemporal elasticity is within the range of the estimate of 1.24 by Ostry and Reinhart (1991) for a group
of developing countries and Mendoza’s (1995) estimate of 0.74 for a group of industrialized countries.

27 As is common in heterogeneous agents model with financial frictions, the discount rate must be jointly calibrated
with the parameters determining the stochastic process of (entrepreneural) income.
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Figure 2: Size distribution of establishments across sectors, in the data (* and +) and model (solid
and dash lines).

Target US Data Model Parameter

top 10% employment share 0.63 0.63 n=>5.3

top 5% income share 0.30 029 a+60=038
avg. scale in NT sector 15 15 k1 =0
avg. scale in T sector 48 46 Ko = 2
Exit rate 0.10 0.10 v =0.89
Interest rate 0.05 0.05 6 =0.92

Table 2: Calibration

Figure 2 shows the size distribution of establishment implied by the calibrated model, and com-
pares them with their data counterparts. The model is able to fit the tails of these distribution,
the “distance” between the sectoral distributions, and the initial concavity in the aggregate dis-
tribution of establishments. The assumption that productivities for both sectors are drawn from
the same Pareto distribution also generates the similar slopes of the right tail in the two sectors.
The model cannot capture the initial concavity in distribution of establishment within a sector,

however, presumably due to our abstracting from within-sector heterogeneity in the setup costs.
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Figure 3: External finance and GDP ratio (horizontal axis) vs. Per-capita GDP relative to the US
(vertical axis)

4.2 Baseline Results

[preliminary]

In this section we show the quantitive effects of financial frictions on the level of per-capita
income, aggregate TFP, capital intensity and relative productivity and prices across sectors. We
vary the parameter ¢, our measure of financial frictions, in order to generate a range of values
for external finance/GDP consistent to what is observed in the data: averaging 0.1 for the lowest
quantile and 2.1 for the top quintile of the per-capita income distribution. External finance/GDP
is monotonically decreasing in ¢. In these simulations, we generate 6 values with ¢ ranging from
0.6 to 0.9, which generate variation in external finance/GDP ratios from XX to XX.

Figure 5 shows the effect of financial frictions on output per worker in our model economy
(diamonds), and compares predictions of the model with the observed relationship between external
finance and output per worker (circles). Output per worker in each economy is measured relative
to that of the US. In our model, the variation in financial frictions can explain output per worker
levels as low as 50 percent of the U.S. level. This roughly accounts for the difference in development
between a country like Malaysia and the U.S. While this does not explain the bulk of the differences
between the poorest countries, e.g., Nigeria and the US, we consider this to be a relatively large
magnitude, particularly so given that we are only a single factor.

Figure 6 uses a log-log scale to plot the relaQté've price of tradables to non-tradables, pr/pyT,
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Figure 4: Log Per-capita GDP relative to the US (horizontal axis) vs. Log pr/pnr (vertical axis)

against per-capita GDP (both are measured relative to the US values). The diamonds represent
the model simulations. The circles represent the data. Our baseline calibration explains nearly
all (XX%) of the implied cross-country elasticity between relative TFP and income per capita,
although the model produces only about half of the variation in income per capita.?® This result
suggest that it remains important to explore for yet additional driving forces of output per worker
that also affect the relative productivity of tradables to non-tradables.

Output is measured at constant (“international”, i.e., first-best) prices, while sectoral TFP
is calculated as A; = Y/ (K;/ 3L§/ 3). The overall effects of financial frictions on output are
substantial. Simply varying the single parameter ¢ to generate the range of external financing/GDP
ratios observed in the data leads to a XX-fold difference in output per worker across the sample,
as compared to a XX-fold difference in the data. The channels are two-fold. XX% is explained by
the lower aggregate TFP in countries with deep frictions. The effect of lower TFP alone on capital
accumulation is XX%. The remaining XX% comes from lower levels of steady-state capital/output
ratios due to the higher relative price of capital.]

So far we have review the quantitative implications of the model for per-capita income, relative
prices, aggregate productivity and capital intensity. Next, we explore the various underlying driving
forces of these aggregate results. In particular, we discuss how financial frictions affect the sectoral

distribution of productivity of entrepreneurs, their numbers and size distribution.

28 Our model explains about half of the elasticity of rel%‘g))ive prices with respect to external finance.
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Figure 5: Underlying Determinants of Productivity across Sectors

Panel 1 of Figure 7 plot sectoral TFP, A7 and Ay7, versus external finance/GDP.2? TFP is
increasing with financial intermediation in both sectors, but particularly so for the tradable sector.
In our economy with the worst credit markets (external finance/GDP of XX) the TFP of the
tradable sector is XX% lower than that of the benchmark economy. For the non-tradable sector
TFP decreases up to XX%. The second panel shows the average entrepreneurial ability z for both
the tradable and non-tradable sectors as a function of external finance to GDP. A large share of
the absolute trends in TFP are explained by changes in average entrepreneurial ability, although
the average quality of entrepreneur does not explain the relative performance of the two sectors.

Of course, not only the average ability, but also the total number of entrepreneurs, the size of
establishments, and the allocation of capital to talent are also distorted by financial frictions. The
third and forth panel of Figure 7 shows how the number of entrepreneurs and the average size of
establishments vary with financial intermediation in the two sectors. The third panel presents the
number of entrepreneurs, which decreases with financial intermediation in the non-tradable sector
because of the general equilibrium effects, mainly the increase in wages. For the tradable sector, the
effects of fewer high ability, low wealth individuals, but more high wealth, low ability individuals
roughly cancel, and the overall number of entrepreneurs first decreases slightly but later increases

significantly for very high levels of financial intermediation. The mainly positive effects of financial

29Here we have used the standard sectoral production function, Ys; = AsKsl/?’Lg/B, to do the TFP accounting. In

the model, we have calculated sectoral TFP as Ap/Anr = (YT/ (KIIV/;?L?V/%)) / (YNT/ (K;@Li@))
24



intermediation on the number of entrepreneurs in the tradable sector reflects the fact that there is
a large direct effect of frictions on the financing of fixed cost and scale in that sector. As we said,
in the non-tradable sector the main effect is a positive general equilibrium as the wage decreases
with financial frictions.

The U-shape in entrepreneurs is more evident in the forth panel, which plots the average
establishment size. At very low levels of financial intermediation, the average scale of tradable
establishments is increasing, mainly due to the increasing average ability. Given the GE effects,
however, his trend reverses at mild levels of intermediation (external finance/GDP of around 1.5)
because so that in the most intermediated economies, the average establishment size is actually
smaller. In contrast, the average size of non-tradable establishments is monotonically increasing in

financial intermediation.

4.3 Robustness

To do: We examine the robustness of our results to the consideration of set-up costs

and the choices of (1 —a —#) and ~.

4.4 A Testable Implication

The simulations confirm the intuition that financial frictions are relatively more harmful to TFP
in the high fixed cost, large-scale sectors. A surprising result, however, is the effect of financial
frictions on average scale in equilibrium; tighter financial frictions lead to greater disparity in scale
in between the high- and low-fixed cost sectors. This prediction stems not only from the direct effect
of financial frictions on entry decisions, but also from the resulting general equilibrium effect on
wages, capital rental rates, and output prices. Given low wages, (very) small-scale entrepreneurship
is more desirable because the opportunity cost (i.e., the income from being a worker) is lower.
Conversely, those who have the means to finance the large scale entry cost face high output prices
and lower labor costs that lead to larger scale establishments.

As mentioned earlier, in the real world, many potential country-specific distortions affect the
absolute scales of establishments, particularly in developing countries. (Hsieh and Klenow, 2007b,
and Guner, Ventura and Yi, 2007, highlight the importance of other distortions, for example.)

Still, the differential distortion leads to a testablg gmplications that the relative average scale of the



tradable sector is decreasing with income (or financial frictions).

4.4.1 Cross-country Analysis of Relative Scale

Evaluating this implication requires data sources for scale that are comparable across countries.
We have two sources. First, the Economic Censuses in the U.S. and Mexico are both based on the
NAICS 2002, an establishment level classification, very well documented, and broadly compara-
ble. We drop those industries that are not collected on a comparable basis.?" Second, the OECD
SSIS data is less well documented but designed for comparability. It contains data on workers,
establishments, and enterprises according to the common ISIC3.2 classification. Unfortunately, not
all countries have complete coverage of industries, and only the U.S. provides both establishment
and enterprise data. For comparison, we chose two groups of countries: the three large advanced
economies (Britain, France and Germany) and the eight poorest countries available (Czech Repub-
lic, Hungary, Poland, Portugal, Slovak Republic, South Korea, and Turkey).?! Korea and Turkey
provide establishment data, while the others provide enterprise data. Given our focus on financing,
we drop government, as well as industries that are extreme outliers and are substantially govern-
ment financed: air transportation, central banking, postal service, and rail transportation. For all
measures we calculate the weighted average scale for the tradable and non-tradable sector, and take
the ratio of the two.

The results for these three comparisons are shown in Figure 3, which plots the scale of tradables
relative to non-tradables on the logarithmic vertical axis and output per worker on the horizontal
axis.??> The U.S. is in the lower right-hand corner, and has fairly similar values for all three measures
of scale. Focusing on the triangles, we see that the relative scale of tradables establishments is larger
in Mexico than in the U.S. This is also true of establishments in Korea and Turkey vs. the U.S.,
which are plotted using the diamonds. The slope between relative scale and external finance in

these data are comparable to that calculated in the numerical examples (roughly -18), but the slope

30 Construction, mining, transportation, FIRE, telephone, postal service, electricity and water are all collected at
the firm level in Mexico.

31The data is for 2002. When not available we use 2001 or 2003. Data on three additional advanced economies
(Australia, Canada, Japan) and one additional poorer country (Mexico) lacked coverage of broad sectors of the
economy.

32GDP per worker taken from PWT 6.2 . SSIS is the OECD Structural Statistics for Industry and Services
using ISIC 3-digit classification. The Census data is from U.S. and Mexican Economic Censuses using the NAICS
classification. Excludes government run industries such as air and rail transportation, central banking, and public
utilities.
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Figure 6: Relative Scale vs. Output per Worker, 12 Countries

for Mexico is much flatter than in the numerical examples.

The squares show that the relative scale of tradables enterprises also is larger in poor countries
than in the U.S. The magnitude of the relationship is more in line with the numerical examples,
but the relationship is not as strong or systematic. In particular, relative scale is smaller in France
and especially Britain, although their ratios of external finance to GDP are lower than in the
United States. In contrast, relative scale of tradables is larger in Germany, driven by automobile
manufacturing enterprises, which are substantially larger in Germany (2803) than in the U.S. (162)

and other countries.

4.4.2 U.S. vs. Mexico Case Study

Data for the U.S. and Mexico are sufficient for a closer, more detailed analysis. We use Mexico’s
1998 National Survey of Microenterprises (ENAMIN for its Spanish initials) to impute corrections
that make the U.S. and Mexican data fully comparable, even on a detailed level. These corrections
include adjustments to remove non-employers, which are included in the Mexican Census but not
the U.S., and adjustments to add small-scale entrepreneurs that lack a fixed location, which are
included in the U.S. (though presumably unimportant) but not in Mexico where they play an

important role. We analyze data at the 4-digit level dropping industries that have a high level of
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Figure 7: Log scale in the US (horizontal axis) vs. Log scale in Mexico (vertical axis)
government involvement or provision.?3

The average establishment size is substantially smaller in Mexico than in U.S. (7 workers vs. 16
workers), particularly in the typical suspects of non-tradables: retail, transportation, and construc-
tion. Comparison of non-tradables at a more detailed level is not possible, unfortunately, since the
U.S. and Mexican classification schemes do not correspond.

Tradables, however, show perfect correspondence, a goal of the NAICS system. In the tradable
sector, many industries tend to have larger establishments in Mexico. Figure 4 plots the log average
scale of establishments in Mexico vs. the log average scale of establishments in the U.S. for 88 4-
digit tradable (i.e., manufacturing and mining) industries. The data show a relationship that is
clearly steeper than the 45-degree line. That is, the industries that are large scale in the U.S. are
even larger scale in Mexico, while those that are smaller scale in the U.S. are still smaller in Mexico.
The regression coefficient is 1.27 (standard error=0.14).

Finally, we show that the difference between the log average scale in Mexico and log average

scale in the U.S. is related to a well-known, industry-specific measure of dependence on external

33More precisely, we drop health, education, petroleum mining and transportation, urban and intercity passenger
rail, air transportation, gambling and casinos, and some social service industries in which government establishments
constitute at least 50 percent of all establishments.
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finance. That is, using COMPUSTAT 2007 data for the U.S., we reconstruct Ranjan and Zingales
(1998)’s measures of industry-specific financial dependence®*, FINDEP;, using the 1993-2003 period.
FINDEP; has a mean of -0.02 across industries with a standard deviation of 0.33.3°> We estimate

the following significant regression equation:

log(scalemeq,i) — log(scaleys;) = —0.10 + %.gEFINDEPi
0.11 .

Thus, the pattern in differential scale tends to be closely related to technology-specific external

finance requirements.

5 Conclusions

The paper has developed a quantitative theory linking countries levels of financial development to
their per-capita GDP, aggregate TFP, relative productivity in the tradable sector, and the equilib-
rium relative price of tradables. Tradable productivity is more sensitive to financial frictions because
tradables require entail large set-up costs that often require external financing. Moreover, we have
shown that this mechanism is quantitatively important, potentially explaining three-quarters of
the observed relationship between financial development and relative prices in the cross-country
data. Through this channel, both productivity and capital accumulation are lowered by financial
frictions, thus financial development becomes quantitatively important for income per capita. Fi-
nally, we have shown that the implied mechanism is consistent with the large differences in average
scale across sectors observed in poor countries. Thus, the analysis shows how emphasis on the size
distribution of microtechnologies (firms or establishments) is informative about macroissues such
as productivity, relative prices and capital accumulation.

Financial frictions are one of potentially varios distortions to scale. A central theme in this

#Ranjan and Zingales’ measure the ratio of the difference between capital investment (Compustat #128) and cash
flow (Compustat #110, or the sum #123, 125, 126, 106, 213, and 217, for format code 7).

35They take the total capital investment and total cash flow over the sample period to compute firm-specific
numbers, and then apply the median value within an industry as the industry-specific value. Although they use
3-digit industries, and so they have larger sample sizes, both the summing and the use of medians is needed to negate
the influence of outliers in noisy data. At 4-digits the influence of outliers is even more problematic. We require these
ratios to be between -1 and 1, which dictates dropping six industries: leather& hide tanning (-2.5); other leather
industryies (-1.8); paints, coatings, &adhesives (-1.3); pharmaceuticals & medicine (5.6), soap, cleaning compounds,
& toilet preparations (8.4); and not elsewhere classified furniture & related products (57.4). Results are robust to
inclusion of the negative outliers, but not the positive ones, and only pharmaceuticals & medicine is a quantitatively
important industry. 929



paper is that differences in technologies that are reflected in sectoral variation in the scale are a key
dimension that distinguishes sectors. On the light of this observation, we view the study of other
frictions distorting the scale of establishments, e.g., size dependent policies (Guner et al., 2007),

barriers to entry (...), as promising avenues for future research.
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Proof of Proposition 1. We say that the rental of capital k is enforceable iff36

¥ (ksa,2) 2 v (1= ¢) (k+pK), 2) (7)

where v (k; a, z) is the value of an entrepreneurs with wealth a and ability z that operates in sector

s at a scale k:

v (k;a,z) = Igg,lx {u(e)+ B[y (d,2)+ (1 =) Esv(d,2)]}
s.t.

c—l—a’Smlax{zf(k,l)—wl}—Rk—(l—i—r)m—l—(l—l—r)a

and v? (ad, z) is the value of a defaulting entrepreneur with ability z who gets to keep defaulted

assets a? = (1 — @) (k + K):

v? (ad, z) = max {u(e)+ B[y (d,2)+ (1 —7)Ewv(d,2)]}
s.t.

c+ad < max {zf (l::,l) —5k—wl—/<;}+ad

Lk<al—k

It is straightforward to see that o (k;a,z) > v? (1 — @) (k + k), 2) iff

y(k,a,2z) = mlax{zf(k,l)—wl}—Rk‘—(1+7“)/£—|—(1—|—7“)a

> max {zf(l%,l)—&l;:—wl—/i}—l—ad

Lk<al—k

= y?(k 2 0). (8)

In what follows, we restrict the analysis to entrepreneurs that would be profitable if operating at
the unconstrained scale, i.e, maxy;{zf (k,l) —wl — Rk} > 0. We define k" (2) to be the optimal
choice of capital in the previous problem.

For ¢ = 0 8) simplifies to a > k + &, implying that external finance is not feasible, i.e., k (a, z; ¢) =

a + k. For ¢ = 1 the unconstrained scale is enforceable independent of the wealth. In this case

36In the following argument we abstract from the index s and set ps = 1.
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we define k (a,z;¢) = k¥ (z) for all a.>” Moreover, for ¢ > 0 and a > a(¢), where a(¢) solves
y(E*(2),a(4),2) = y* (k¥ (2),2;¢), we know that k¥ (z) is enforceable, i.e., y (k" (2),a,z) >
y? (k% (2),2; ), and let k (a, z; ¢) = k¥ (2). In these case it is straightforward to see that k (a, 2) is
wealkly increasing in a and z.

For intermediate values of ¢ and a, ¢ € (0,1) and a < a(¢), we define k (a, z; #) to be the largest

solution to the following equation satisfying k < k" (zs):

y(kaavz) = yd (kaz;é) :

Notice that Oy (k (a,z;¢),a,z) /Ok < Oy® (k(a,z;¢),2;¢) /Ok since for ¢ € (0,1) and a < a(¢)
both y (k,a,z) and y¢(k,z;¢) are continuously differentiable functions of k, y (k% (2),a,2) <
y? (k% (2),2;¢), and k(a,z;¢) is assumed to be the largest solution to the following equation
satisfying k < k" (z5).

That k (a, z; ¢) is stricly increasing in a follows immediately from the fact that y (k, a, z) is strictly in-
creasing in a and that at k = k (a, 2) Oy (E (a,z;9),a, z) /Ok < Oyt (12: (a,z;0),z2; qﬁ) /Ok. Similarly,
that k (a, z; ¢) is stricly increasing in ¢ follows from the fact that 3 (k, z; ¢) is strictly decreasing in
¢. Finally, that k (a, z; ¢) is stricly increasing in z follows from f (k,1(k)) > f (a® — k,1 (a® — K)).
[

Proof of Proposition 2. In perfect credit economy, selection of individuals into occupations and
sectors are determined by their entrepreneurial ability and relative prices. In particular, there exist
two threshold ideas z5, s = NT, T, and a function zs (2_s), s = NT,T, —s =T, NT, dividing the
space of entrepreneurial ideas (zy7, z7) into workers and entrepreneurs in the NT and T sectors.

These thresholds are defined by the following three indifference conditions:

0

& —a—0
(2= (5) <Z> Tl —a—0) = wtpe,, s = NT, T (9)

and

3TWithout loss of generality we restrict to rental limits that are less or equal to the optimal scale, k (a,z;¢0) < Ek*(2).
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Net output of sector s equals

00 rEos(zs) oo prEos(zs)
Ys = N/ / 2e Ak (2)%1(2)0 p(dz) — IiSN/ / p(dz).
Zs 0 Zs 0

1 1
Using k (z) = 2251 Ke and I (z) = 2ot Ls (these follow from the first order conditions of the
Zslfa79 Z817a79

firms’ maximization problem),

1
00 pi_s(zs) T—a—0 K
Y, = N/ / 2 Aq 257175
Zs 0 Zslfafﬁ Ns

Ale—oa—HKozLH oo rE_s(zs) 1 0o rE_s(zs)
- ot [ s e [
Z317a79 Zs 0 Zs 0

@ 1
zl-—a—0 Ls

0 00 ri_s(zs)
| e ey [T )
Zslfafﬁ S Zs 0

or

00 pios(zs)
Y, = AN\ OKkerbz, — IQSN/ /0 1 (dz) (10)

) 1 1—a—0
where Z, = |:f2°§° fO —s(zs) Zsl—a—eu (dz)]

Assuming pu (dz) = n? (zNTzT)_("H) and that entrepreneurs are a small fractions of the popu-

lations, i.e., 25 is large, s = NT, T', we obtain

Zy =

and
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. a _ Ki7* 1 o _ L% 1 .
Using (9), & = T s and 5 = w57~ we can obtain

1
w (1—a—0) a+0 Y THi(ato)
(1—a—0)A;N-FfKaL? ‘

Substituying into (10)

1 an 6n
Y, = ASNWK81+W(Q+9) leJrﬁ(OHr@)

where )
(1—a—96) Tn(at0) bele 1
A_[Wn} Lmin (100 7))
s Dpeki n(l—a—6)—1
(B 1] e
| ]

Proof of Proposition 3. From the first order conditions of an entrepreneur of productivity z

and that of the marginal entrepreneur (Z5) we obtain

Thus,

Pr[l~3>l} - P

I 1—a—0
z > (l(és)) 2s|z225]

- (et

The aggregate distribution of employment is then given by a mixture of Pareto:

Pr [l; > l} — ny <l (j’l))n(l_a_e) 1 —ny) <l(22)é2)}>n(1—a—0)

max {[, [ (
1
for I > 1(21). Finally, by integrating [ (z) = £ Lot %, we obtain that the average employment per
Z517a76
establishment in sector s equals
Ly
lg= —"" . 12
TN ) -



The optimal allocation of labor (Ls) and establishments (ns) to sector s implies

Op N1 o072 KoLt =

and

(1-a-10) psNioheZsKsaLg = pskis (1 — p(2s)) + wp (25) (13)

Taken the ratio of these two conditions implies

l—a—-86 Ly N . DPsks H (28)
o NO-pGy T TTouGy (4

Substituying (13) into (11) we obtain

1
(l—a—9) a+6 1+n(a+0)
(e ) [

T pors (LR T 2 i(2s)
Zs
rearrenging
Dsks o (2s) Pshks w(Zs) n(l—a—0)—1
- 15
w T () [w T uG)] nd—a-0) (15)

using (12), (14) and (15) we obtain the desired expression.

L et
lS/ PgrRgr + 1

w
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