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Abstract

This paper studies the information production in �nancial markets and allocation of

resources across �rms. Focusing on the e¢ ciency-gains generated by �nancial development,

this paper revisits the well-known hypothesis that �nancial innovation raises the output

growth rate of a small �rm relative to that of a large �rm. Our main empirical �nding is

that the e¤ect of the country-level �nancial innovation on the small �rm�s growth relative to

the large �rm�s is positively associated with the level of a country�s �nancial development. We

build and study a simple model of �nancial intermediation with costly information production

with the key feature that information production to uncover the �rm�s priviately known

productivity is less costly for the higher-productivity �rm. In the model, the importance of

one of the two channels, the supply- and demand-side, of the information production relative

to the other varies over the country�s e¢ ciency in the information production. Results of

the model are consistent with our main empirical �ndings.

1 Introduction

This paper studies the mechanism of information production in �nancial markets and its im-

plications for allocation of capital across �rms. Asymmetric information between lenders and
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borrowers distorts allocation of capital, resulting in the impaired e¢ ciency of an economy1. The

foregone e¢ ciency due to the asymmetric information problem provides, in turn, the incentive

for �nancial innovations so that information production can restore the lost e¢ ciency by allevi-

ating the asymmetric information problem. Thus, the e¢ ciency in the information production

is the key to the interaction between the �nancial innovation and economic development.

The extant studies in the �nance-and-growth literature have focused on exploring the mecha-

nisms to explain the consequences of the improved e¢ ciency in the information production to the

extent of the misallocation of capital and the resulting improvement of aggregate productivity

while leaving the mechanism of the improvement of the information-production e¢ ciency itself

as a blackbox, see, e.g., Buera et al. (2011). This paper contributes to the literature by studying

the model of the information production in �nancial markets and testing the model-implications

to data for the cross-section of a number of countries and industries.

More speci�cally, this paper considers the implications of the heterogeneity in the information-

production costs across �rms di¤ering size in the framework of the information production by the

�nancial intermediary in the presence of the asymmetric information problem between lenders

and borrowers. In the absence of the heterogeneity in the information-production costs across

�rms, the equilibrium level of the information production would be determined mainly by the

the marginal bene�ts of the information production. In this case, in response to the improved

e¢ ciency in the information production, the incremental level of the information production

might be larger for the �nancially constrained �rm than for the �nancially unconstrained �rm

at the margin holding all else constant. For this reason, many researchers have argued that �-

nancial innovation is likely to improve the growth of the small �rms relative to the large given the

compelling hypothesis that small �rms are likely to be su¤ered from the asymmetric information

problem more than large �rms are2.

The aforementioned dominant view in the literature has, however, paid less attention to

1For instance, many small and young �rms are su¤ered from the asymmetric information problem and hence
�nancially constrained more than large and old �rms are so that such �nancially constrained �rms should give
up valuable projects which would have increased GDP given the total capital stock available to production.

2Empirical studies in the extant literature indeed have found evidences supporting the aforementioned dom-
inant view that �nancial innovation disproportionately raises the growth rate of small �rms relative to that of
large �rms. For instance, Peterson and Rajan(2002) discuss information technology in banking sectors largely
bene�ts small �rms. Stein(2002) and Bertrand, Schor, and Thesmar(2007) also investigate the same issue by
focusing �nancial market reforms.
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the supply-side, i.e., marginal cost, of the �nancial innovation. The equilibrium level of the

information production is, of course, determined by both of the demand- and supply-side. The

key is that with the signi�cantly heterogeneous costs of the information-production across �rms

di¤ering size, large �rms could have the advantage in terms of the lower cost of information

production relative to the small �rms at the margin, which could overturn the dominant view

for the relative e¤ects of the �nancial innovation on the information production and �rm growth

for the small �rms to the large �rms. Accordingly, this paper incorporates the rich cost-structure

of the information production into a simple model of information production and allocation of

capital across heterogeneous entrepreneurs. Then this paper revisits the well-known hypothesis

of the disproportionate impact of �nancial innovation on the growth rate of the small �rms

relative to the large.

We document the di¤erential e¤ects of �nancial innovation on the growth rate of �rms

between the small- and the large-sized-sectors by using the Eurostat database on the �rm-level

investments over the period 2002-07. A novel feature of our empirical approach is that our sample

includes observations for the �nancially underdeveloped countries as well as for �nancially highly

developed countries. By contrast, the previous empirical studies in the literature are mainly

limited to the �nancially highly developed countries. The cost of �nancial innovation might be

relatively homogeneous across �rms for such �nancially highly developed countries given the low

level of the overall cost of �nancial innovation. By contrast, the variation of the cost of �nancial

innovation across �rms could be large for the �nancially underdeveloped countries, which could

be an important factor in determining the equilibrium outcomes for the information production

and its impact on the growth rate of small �rms relative to that of large �rms.

Regression results show the signi�cant cross-country di¤erence in the extent of dispropor-

tionate impact of the country-level �nancial innovation on the small �rm�s growth relative to

that of the large �rm�s. On the one hand, for countries of the su¢ ciently high level of �nancial

development, the response of the �rm-level output growth rate to the country-level �nancial

innovation is larger for the sector with the smaller average �rm-size. This result is interpreted

that for those countries, information production is more pronounced for the small-sized �rms

than for the large-sized �rms, and so is the growth rate of �rms given the country-wide im-
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provement of information production. On the other hand, for countries of su¢ ciently low level

of �nancial development, the aforementioned pattern of the disproportionate impact of �nancial

innovation is reversed: for such countries, the response of the �rm-level output growth rate to

the country-level �nancial innovation is larger for the sector with the larger average �rm-size.

In short, for a country of which �nancial development is su¢ ciently poor, �nancial innovation

helps the growth of a �rm in the large-sized sector more relative to the small-sized sector, and

then in the future when the country is su¢ ciently highly developed, �rms in the small-sized

sector are helped by the �nancial innovation more than �rms in the large-sized sector are.

We develop a simple model of �nancial intermediation with the costly information produc-

tion. The model is a small open economy in which the �nancier intermediates the domestic

entrepreneurs/borrowers and the international lenders. The �nancier specializes in acquiring

and assessing information of projects undertaken by entrepreneurs who need to raise external

fund to �nance their projects exposed to stochastic productivity. Entrepreneurs are grouped by

their ex-ante (publicly known) distributions of productivity while an entrepreneur has a private

information for his/her own project�s (ex-post) realized productivity.

In the model, the �nancier can improve his/her capability to assess an entrepreneur�s privately-

known productivity by paying the information-acquisition costs, which can alleviate the extent

of misallocation of capital in the end. Key departure of the model from the literature is that

the information-acquisition cost is stochastic, negatively correlated with the entrepreneur�s pro-

ductivity; the higher the productivity of an entrepreneur, the smaller the (ex-post realized)

information-acquisition cost on average.

In the model, the allocation of capital across entrepreneurs is distorted to the extent to which

information of an entrepreneur�s productivity is asymmetric between the entrepreneur and the

�nancier: the more the information-acquisition costs paid, the less the extent of asymmetry of

information and thereby the less distorted the allocation of capital. The (equilibrium) extent

of information acquisition is endogenously determined by the two opposing forces: (i) marginal

improvement of the asymmetric information problem, i.e., demand-side, and (ii) marginal cost,

i.e., supply-side.

Key economic mechanism of the model is summarized as follows. On the one hand, by
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the standard property of the incentive-compatible contracts, the constrained optimal contract

implies that the marginal improvement of the asymmetric-information problem is larger for

the sector in which the average productivity is low, implying the higher level of information

production for the sector with distribution of the smaller mean productivity, which is labeled as

the revenue channel. On the other hand, as the cost of information production is decreasing in

the level of an entrepreneur�s productivity on average, the equilibrium information production

is higher for the sector with the distribution of the larger mean productivity, which is dubbed

as the cost channel.

The comparative statics results show that with the su¢ ciently high e¢ ciency in the infor-

mation production (with the su¢ ciently high level of �nancial development), the cost channel

is dominated by the revenue channel, resulting in the higher level of information production

together with the higher growth rates both for information production and for �rm-level output

for the group of �rms with the lower mean productivity relative to the group of the higher mean

productivity. By contrast, the opposite results are obtained for the case in which a country�s ef-

�ciency of information production is su¢ ciently low. These results are consistent with our main

empirical �ndings that for the disproportionate impact of �nancial innovation on the small-

relative to the large-sized �rms, a country�s level of �nancial development matters signi�cantly.

This paper contributes mainly to the literature studying the e¤ect of �nancial market devel-

opment on capital allocation. King and Levine (1993) and Aghion, Howitt and Mayer-Foulkes

(2005) show that aggregate measures of credit and �nancial market development are closely

correlated with output per capita across countries, while our study focuses on the impact of

�nancial market development on the cross-�rm growth.

There are papers which contribute theoretical development on the e¢ ciency in �nancial

markets. In regard to information production among �nancial intermediaries on the supply

side, Pagano and Jappelli (1993) show that information sharing between banks reduces adverse

selection by improving bank�s information on credit applicants but take the structure of infor-

mation sharing given and inert. Greenwood, Sanchez and Wang (2010) and Laeven, Levine

and Michalopoulos (2012) model both technological and �nancial innovation as re�ecting the

explicit, pro�t-maximizing choices of agents. However, this model analysis is limited to the
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demand side of the �nancial innovation on economic growth while our paper studies how �nan-

cial market development in�uences trade-o¤ between the demand-side and the supply-side of

�nancial innovation, thereby disproportionately rasing the small-�rm growth.

There are papers closely relates to this paper regarding to the channels through which �nance

a¤ects real growth and vice versa. In Greenwood and Jovanovic (1990), �nancial intermediaries

produce information about investment projects, and e¢ ciency in both the production sector

and the �nancial sector evolve together. la Fuente and Marin (1996) develop an output growth

model where �nancial intermediaries emerge endogenously as monitors to collect information

needed for mitigating information asymmetries. In their model, a feedback e¤ect from growth

to �nance emerge because factor accumulation reduce the cost of monitoring. We di¤er from

their paper by incorporating the rich cost-structure of �nancial innovation vary with �rm size.

The remainder of the paper is organized as follows: Section 2 presents the new empirical

�ndings. Section 3 introduces and characterizes the model. Section 4 derives the model results.

The last section concludes.

2 Facts

This section describes data and presents results of our empirical analysis for the e¤ects of the

country-level �nancial innovation on the sector-level average growth rate of �rms. In particular,

it will be paid more attention to identifying the determinants of the heterogeneous response of

the sector-level output growth rate to a country-level �nancial innovation. For that purpose,

the cross-sector and cross-country regression analysis will be employed. It will be shown that

the extent of the disproportionate impact of �nancial innovation on the small �rm�s growth

relative to the large �rm�s is starkly di¤erent across countries di¤ering in their level of �nancial

development. More speci�cally, one the one hand, for countries of the su¢ ciently high level

of �nancial development, �nancial innovation bene�ts the growth of a �rm in the sector of the

small-mean

(large-dispersion) of �rm sizes more relative to the sector of the large-mean (small-dispersion) of

�rm sizes, consistent with the previous studies in the literature. On the other hand, for countries
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of the su¢ ciently low level of �nancial development, the results are opposite to those for the

earlier developed-countries case: in this case, �nancial innovation bene�ts the growth of a �rm

in the sector of the large-mean (small-dispersion) of �rm sizes more relative to the sector of the

small-mean (large-dispersion) of �rm sizes.

2.1 Data Source3

Our dataset is the Eurostat, which covers the European (NACE) 2-digit manufacturing sectors

during the period 2002-07 at the annual frequency. Total 22 sectors and 24 European countries

are included in the sample. This dataset provides the number of �rms and employment by the

�rm-size class together with the �rm-level information such as investment, employment, payroll,

and value added(VAD).

Firms are classi�ed into �ve groups by size where a �rm size is measured by the �rm�s number

of employees. The �ve size-groups are as follows: 1-9, 10-19, 20-49, 50-249, and more than or

equal to 250. Firm size is an important characteristic of a �rm in the sense that the smallest-sized

sectors and the most size-dispersed sectors are interpreted as the most a¤ected by information

asymmetries as discussed in the literature, see, e.g., Pagano and Schivardi (2003) and Plehn-

Dujowich (2009). The Firm Size Distribution (FSD) is summarized by the two statistics, mean

and standard deviation, which are computed as of 2002 where a �rm�s employment is used as

a weight. Those two statistics of FSD are expected to capture the extent to which a sector is

a¤ected by the asymmetric-information problem.

Employment is measured by the number of persons employed. Value Added is measured as

the value added at factor cost, which is then converted to the real one by being de�ated by the

country-level Purchasing Power Parities (PPP) price-index, published by Eurostat. Finally, the

real value added per employment is taken as the Real Value Added per Worker (VAD), which

is then used as a measure of (sectoral) productivity.

As is well known in literature on the economic growth, VAD growth rate is related with

the two kinds of variables, the initial level of VAD (V AD2002), and the two input factors,

physical capital and labor. The capital-labor ratio is, even though important for our analysis,

3See the appendix for more detailed discussion of data.
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not directly measurable in data due to the lack of the measure of capital; the logged investment-

labor ratio is used as a proxy of the logged capital-labor ratio where investment is measured by

gross investment in tangible goods. Given the possible issue of the multicollinearity with the

initial level of VAD, we also choose the log of payroll, measured by personnel costs, rather than

the (non-logged) payroll-level itself by following Plehn-Dujowich (2009). Both of investment and

payroll are de�ated by PPP so that they are in real terms.

Below we discuss how to measure the two important theoretical variables, �nancial develop-

ment and �nancial innovation. The level of a country�s �nancial development (Fk) is measured

by the country�s Private Credit-to-GDP ratio in 2002, taken from the World Development Indi-

cators. Highly developed �nancial markets grant individuals and �rms easier access to external

funds, resulting in the higher Private Credit-to-GDP ratio. Then, �nancial innovation (fk) is

de�ned as the improvement of the (country-level) �nancial screening services, and measured by

the average growth rate of private (or public) credit bureau coverage for the period 2004-07,

taken from the Doing Business publications of the World Bank. Credit bureaus were �rst es-

tablished in 1899 to collect and share information on customer�s creditworthiness. The credit

bureaus track the loans and defaults of individuals and �rms, and facilitate lending by banks

and �nancial institutions. All country-observations do not include both private and public credit

bureaus. We take a maximum value between the average growth rate of the two credit bureau

coverages. 4.

Table 1 presents the country-level averages of industrial variables and proxies for �nancial

markets. Countries are ordered by their level of private credit-to-GDP ratio in 2002. From Table

1, we can see the signi�cant variability of the level of �nancial development across 24 countries.

The most �nancially developed country is Denmark while the least is Romania.

For the �nancial innovation, we can see that the higher the country�s �nancial development,

the lower the country�s �nancial innovation. The cross country correlation of mean VAD growth

and private credit-to-GDP ratio is -0.67, and the correlation of the mean VAD growth and the

average growth rate of private credit-to-GDP ratio over the sample period is 0.595.

4For robustness check, the second measure is also considered: the average growth rate of the private credit
to GDP for the period 2002-07. This index could be an improper measure in the sense that it indicates general
improvements in �nancial markets.

5The correlation of the mean VAD growth and the second measure for �nancial innovation is 0.50.
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2.2 Findings: Cross-Country and Cross-Sector Regression Analysis

This subsection tests the main hypothesis that for highly �nancially developed countries, �nan-

cial innovation bene�ts the �rm-level output growth of �rms in the small-mean (large-dispersion)

sector disproportionately more than that in the large-mean (small-dispersion) sector. Financial

innovation is likely to help �nancially constrained �rms to grow more relative to the �nancially

unconstrained �rms. It is important and challenging to identify which �rms are �nancially

constrained and to how much extent.

The dominant view in the literature is that �rms in the small-mean-size (largely-dispersion)

sector are likely to be su¤ered from the asymmetric information problem, and hence �nancially

constrained, to the larger extent than �rms in the large-mean-size (small-dispersion) sector are.

Key here is how general such a stylized fact would be across countries di¤ering in the level of

�nancial development. There are some empirical evidences supporting the dominant view, but

results of those works are limited in the sense that the dataset used in those works are mainly

limited to the �nancially highly-developed countries. This paper �lls this gap by expanding the

dataset to include �nancially under-developed countries as well as highly-developed countries.

Below we discuss why one would be concerned about whether such a stylized fact would

be overturned. Consider a country in which the �nancial services are poor in the sense that

productivity of information production in the �nancial service sector is low. In such a country,

even large �rms as well as small �rms are likely to be su¤ered from the asymmetric information

problem and substantially �nancially constrained. As the country�s �nancial-sectoral productiv-

ity improves marginally, the �nancial service sector should determine to which �rms out of the

large- and small-�rms they must focus on more in allocating their improved �nancial services to

maximize the service-sector-own�s pro�ts. Given that marginal bene�ts of �nancial innovation

are almost the same between large and small �rms due to overall low level of �nancial-sectoral

productivity, large �rms would be served more than small �rms are for the case in which the

marginal costs of �nancial innovation are lower for large �rms relative to small �rms, and vice

versa. This issue calls for an empirical study on which out of large- and small-�rms are bene-

�ted more by �nancial innovation by the country-level �nancial development, which this section

mainly focuses on.
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As an initial step, we run the regressions for the �rm-level output growth as a function of

the country-level �nancial innovation for two separate groups of countries: high- vs. low-level of

�nancial development. We will show that those two groups of countries exhibit starkly di¤erent

pattern for the disproportionate impact of �nancial innovation on �rms in the small- and more-

dispersed sector. Finally, we will corroborate the earlier �nding via an integrated regression

analysis including countries of both high- and low-level of �nancial development.

We begin by running the regression for the �rm-level output growth over the period 2002-2007

for separate country groups with �nancial development Fk: 1) whole countries; 2) lower-50th

percentile of Fk; 3) upper-25th percentile of Fk. Note that we focus on the impact of the

�rm-size distribution, i.e., mean and dispersion of �rms sizes, on the response of the �rm-level

output growth rate to the country-level �nancial innovation. Therefore, we take the sector-

level average of output growth rates of �rms as the unit of our observation for the dependent

variable, and model the response of the sector-level output growth rate to the country-level

�nancial innovation as a function of the sector-level two variables of the �rm size distribution

within the sector.

The regression framework of the sector-level output growth rate gk;c, is given by:

gk;c = 0 + [1MEANk;c + 2SDk;c] � fc +X 0D +Dummy + "k;c (1)

where c denotes the country, and k the sector. The dependent variable gk;c is the average

growth rate of the real VAD in sector k and country c over the sample period 2002 � 07.

We use the average growth rate of private credit-to-GDP ratio over the period as a proxy for

the country c�s �nancial innovation fc. MEANk;c and SDk;c refer to the (logged) mean and

(logged) standard deviation of �rm sizes within sector k for country c, respectively. As mentioned

earlier, the coe¢ cient of fc for sector-level output growth rate is proportional to each of mean

and standard deviation of �rm sizes within that sector. As the Weighted Mean and Standard

Deviation of the FSD in 2002 are considerably right-skewed, we use their logged values for

those two variables. The vector of other controlled regressors X contains the log of 2002 real
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investment per worker (Investment), the log of 2002 real payroll (Payroll) and the log of 2002

VAD (V AD2002). To focus on determinants of the within-country and within-industry growth

rate, we purposefully abstract from the e¤ect of �nancial innovation by itself, i.e., the constant

term multiplied to fc is abstracted from here; it will be included in the later regression analysis

of the complete model. The dummy variables for sectors and countries control for country-

and-sector speci�c characteristics that might determine the sector-speci�c di¤erences for the

�rm-level output growth.

Table 2 reports the regression results for countries grouped by the level of �nancial devel-

opment as discussed earlier. We report the coe¢ cient on the interaction term between �nancial

innovation fc and the mean of the �rm size within sector k. The heteroskedasticity-robust

standard errors of the regression coe¢ cients are reported in parentheses.

Let�s start with the three sets of regressions that analyze the impact of �nancial innovation on

the �rm-level output growth rate as a function of the �rm size distribution. The �rst sub-column

of each class reports the result when we use the �rst proxy for fc. For the case of whole countries,

regression results show that the parameter of the interaction term between fc and MEANk;c

(SDk;c), is positive (negative) and signi�cant at the 5% level. This result suggests that �nancial

innovation bene�ts large �rm sectors (less-dispersed sectors) mostly, which seems in contrast

to the previous results that improvement in �nancial development helps small �rm sectors.

Conditional on that countries belong to the lower-50th percentile of �nancial development Fk,

similar results are obtained: large- and less-dispersed-sectors show the higher growth rates

given one unit increase in the �nancial innovation. Interestingly, for the subsample restricted

to countries belonging to the upper-25th percentile of �nancial development Fk, the opposite

results are obtained: 1 is negative and 1 is positive, and both of them are signi�cant at the

1% level. That is, for such countries highly �nancially developed, small- and more-dispersed

sectors exhibit the higher growth growth rates for one unit increase in the �nancial innovation,

consistent with the previous results for countries of the higher level of �nancial development

than the average6.

6For the case of the �nancial innovation measured by the second method, the average growth rate of the private
credit to GDP over the sample period, the results are consistent.
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Motivated by the earlier results, we estimate the following complete model of the growth

e¤ects of the �nancial innovation:

gk;c = 0 + [[�1 + �2Fc] �MEANk;c + [�1 + �2Fc] � SDk;c] � fc +X 0D+Dummy + "k;c (2)

where we essentially add the triple interaction term among fc, Fc and MEANk;c (SDk;c)

compared to the earlier regression framework, which is intended to capture the di¤erence across

countries in the extent of the disproportionate impact of �nancial innovation on small �rm sec-

tors. All the variables in the regression equation above are the same as for the earlier regression

equation.

It is in order to discuss the possible endogeneity issue for the independent variable Fc. The

�nancial development Fc could raise the endogeneity issue for the estimation because of the so-

called feedback e¤ect from growth to �nance. Following the literature on the growth and �nance,

we use the instrument variable method in estimating parameters for the equation over the period

2002-06 for whole countries: legal origins are used as instruments for Fc, see , e.g., La Portra et

al. (1998). To avoid the problem of perfect collinearity between the country-level �tted value

of Fc and country dummies, we use the interaction term between legal origins and MEANk;c

(SDk;c) as instruments. The expected di¤erence in the average growth rate of �rms between

the large-mean-size (small-dispersion) sector and small-mean-size (large-dispersion) sector in

response to an increase in �nancial innovation ( fc) are written as:

@2gk;c
@MEANk;c@fc

=

�
> 0 if �1 > ��2Fc
< 0 otherwise

�
,

@2gk;c
@SDk;c@fc

=

�
< 0 if �1 > ��2Fc
> 0 otherwise

�
(3)

which is the main focus of the regression analysis here.

Below we focus on discussing the results of testing our main hypothesis that the impact

of �nancial innovation on the growth rate of �rms in the small-mean (large-dispersion) sector

relative to that in the large-mean (small-dispersion) sector is signi�cantly a¤ected by the country-

level �nancial development. Guided by the theoretical and empirical results in the literature,
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we posit that the higher the country�s level of �nancial development, the larger the impact

of �nancial innovation on the growth rate of �rms in the small-mean (large-dispersion) sector

relative to that in the large-mean (small-dispersion) sector.

Table 3 reports our estimation results, which are again for overall countries. In the �rst

column, the estimate of �1 is positive, 0.243, and signi�cant at the 1% level while the estimate

of �2 is negative, -0.327, and signi�cant at the 5% level. For the case of the United Kingdom,

one unit increase in �nancial innovation has a larger impact on the growth rate of �rms in the

small-mean sector relative to that in the large-mean sector (0.243-0.327�1.32<0). By contrast,

for the case of Romania, one unit increase in �nancial innovation has a smaller rather than larger

impact on the growth rate of �rms in the small-mean sector relative to that in the large-mean

sector (0.243-0.327�0.08>0)7.

The column (2)of Table 3 reports that the estimation result is invariant after controlling for

MEANk;c and SDk;c. All of the results are robust for using both proxies for fc.

We also check the robustness of our main results presented earlier by repeating to estimate

parameters of the same equation with additional independent variables controlling for additional

industry traits. First, we address the issue that sectors that are naturally heavy users of external

�nance grow faster with higher levels of �nancial innovation and �nancial development. Given

the in�uential �ndings of Rajan and Zingales (1998), a �rm�s dependence on external �nance (RZ

indexes; Findep) is de�ned as the share of investment that cannot be �nanced through internal

cash �ows. Assuming that the variance of the need for external �nance persists across sectors,

we use the United States as the reference case to compute the natural external dependence of

sectors. Second, �nancial development may help disproportionately sectors with good growth

opportunities of U.S. �rms. To address this issue, we also control for the US Sales Growth (Sale),

which is calculated as real annual growth in net sales of the U.S. �rms reported in COMPUSTAT

over the sample period. More speci�cally, we add to the regression framework the following two

interaction terms of �nancial innovation and control variables: one is Findep � fc , and the other
7Similarly, the estimate of �1 is negative, -0.339, and signi�cant at the 1% level, and the estimate of �2 is

positive, 0.478, and signi�cant at the 1% level. For the case of the United Kingdom, one unit increase in �nancial
innovation has a larger impact on the growth rate of �rms in the large-dispersion sector relative to that in the
small-dispersion sector (�0.339+0.478�1.32>0). By contrast, for the case of Romania, one unit increase in �nancial
innovation has a smaller rather than larger impact on the growth rate of �rms in the large-dispersion sector relative
to that in the large-dispersion sector relative to that in the small-dispersion sector (�0.339+0.478�0.08<0).
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is Sale � fc.

Results in the column (3) of Table 3 show that our main results for the benchmark case in

the column (1) of Table 3 are invariant after controlling for a number of industrial traits.

There are substantial evidence presenting that increasing the credit bureau coverage enhances

credit market performance. Experimental evidence by Brown and Zehnder (2007) shows that a

public credit registry can motivate borrowers to repay loans, when they would otherwise default.

Firm-level data suggests that the credit bureau coverage may have a di¤erential impact on credit

availability for �rms di¤ering types. Love and Mylenko (2003) �nd that private credit bureaus

are associated with lower perceived �nancing constraints and that the correlation is particularly

strong for small and young �rms. Brown et al. (2009) provide a cross-sectional evidence on

the di¤erential impact of the coverage of credit bureau associated with lower cost of credit to

�rms, particularly strong for information-opaque �rms. Our approach di¤ers from the previous

studies by measuring �nancial innovation as how quickly a country�s �nancial intermediaries

adopt better screening technologies and update screening information. i.e., our empirical proxy

is directly linked with a growth-approach (the rate of �nancial system improvement), rather than

a level-apporach.8 In addition, we investigate the variation of the correlation with a country�s

�nancial market development.

To sum, we �nd that the impact of �nancial innovation on the growth rate of �rms in

the small-mean (large-dispersion) sector relative to that in the large-mean (small-dispersion)

sector is critically depends on the country�s level of �nancial development. For the �nancially

highly-developed countries, the response of the growth rate of �rms to one unit increase in the

country-level �nancial innovation is larger in the small-mean-size sector than in the large-mean-

size sector, consistent with the dominant view in the literature. By contrast, for the �nancially

under-developed countries, the dominant view is overturned: the impact of the country-level

�nancial innovation is larger in the large-mean-size sector than in the small-mean-size sector.

The next section develops a model of information production and allocation of capital across

heterogeneous entrepreneurs to explain the main empirical �ndings above.

8Laeven et al.(2012) uses the year which private agents create a credit bureau over the sample period as the
empirical proxy for �nancial innovation. Their analysis is limited to a cross-country growth study.
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3 Model

This section lays out an environment of a standard small open economy with access to the in-

ternational capital market. With the private information of domestic entrepreneurs who needs

external funds, a domestic �nancier intermediates the international lenders and domestic entre-

preneurs/borrowers. Key is the domestic �nancier�s costly information-production to alleviate

the asymmetric information problem. As domestic entrepreneurs are grouped by their pub-

licly known distribution of their (privately known) productivity, the equilibrium information-

production and capital allocation across entrepreneurs by the groups of entrepreneurs are char-

acterized by the within-group distribution of entrepreneurs�productivity.

3.1 Environment

Technology We consider a standard small open economy with access to the international

capital market in which risk-free asset of the return rf > 0 is traded. There is a continuum of

entrepreneurs, denoted by the index i. Entrepreneur i can operate the decreasing-return-to-scale

technology producing the single �nal good yt(i) according to the production function given by:

yt(i) = [zt(i)]
1��[kt(i)]

�; � 2 (0; 1) (4)

where zt(i) denotes entrepreneur i�s idiosyncratic productivity shock and kt(i) refers to the

capital employed by entrepreneur i. Idiosyncratic productivity shocks zt(i) 2 [z; z] are drawn

from the invariant distributions F (�).

Entrepreneurs are grouped by the ex-ante publicly known distribution of the idiosyncratic

productivity shocks F (�). We assume that there are two groups of �rms di¤ering in the distri-

butions F (�; j); for j 2 f1; 2g;to wich their productivities belong to where index j refers to the

distribution-group j. Conditional on group j, there is a mass one of entrepreneurs, i.e., there

are mass two of entrepreneurs unconditionally.

Each distribution F (�; j) is assumed to have �nite mean and standard deviation. Moreover, as

in the mechanism design literature, each distribution F (�; j) has also a log-concave density9. The
9Bagnoli and Bergstrom (2005) discussed merits of the log-concave density with numerous examples including
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implications of the publicly known distribution F (�; j) vs. privately known idiosyncratic pro-

ductivity shocks zt(i) will be discussed soon.

Entrepreneur i owns no capital, and hence, �nances kt(i) via the debt contract provided by

the �nancier. For simplicity, we assume that capital, if used for production, depreciates by 100%

at the end of each period10.

Private Information and Financial Intermediation Entrepreneur i observes his own

idiosyncratic productivity shock zt(i) while others do not. As a result, allocation of capital

via the capital market might be ine¢ cient due to the asymmetric information problem between

lenders and borrowers. The allocative ine¢ ciency arising from the asymmetric information prob-

lem calls for the information production to alleviate such a problem; an agent, the best capable

of acquiring and processing information for zt(i), does the job of intermediating borrowing and

lending; this agent is labeled as the �nancier. The �nancier is assumed to commit to repay at

the end of a period without default possibility, and borrows capital at the risk-free rate of rf

from the world capital market and supplies capital to entrepreneurs. The �nancier provides all

entrepreneurs with capital via debt contract.

Timing At the initial subperiod of t, idiosyncratic productivity shocks fzt(i)g are realized,

the �nancier observes each entrepreneur�s productivity shock zt(i) stochastically by paying the

(stochastic) information-acquisition costs, designs and provides entrepreneurs with capital via

loan contracts. At the �nal subperiod of t, production takes place, entrepreneurs pay back to

the �nancier, who then pays to the international lender(s).

Information Acquisition Costs For entrepreneur i, the �nancier learns true zt(i) with

probability �t 2 [0; 1] at a cost. If the �nancier fails to learn true zt(i), then it uses simply the

unconditional distribution F (�; j) to infer the expected value of zt(i) given the j-th distribution

F (�; j) to which zt(i) belongs. Here the key is that the �nancier can increase the success-in-

learning probability �t by paying the (stochastic) information-acquisition costs c(�t; z) given

the uniform, normal, exponential, logistic, Beta, and Gamma.
10The assumption of 100% depreciation of capital does not hurt the generality of our analytic results, and helps

to simplify the notation and algebra.
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by:

c(�t; z; at) =
1

at
[c0(z

�)�t +
1

2
(�t)

2], �t 2 [0; 1],  > 0 (5)

where c0 > 0 refers to the scale parameter for the information-acquisiiton cost, and at >

0 refers to the e¢ ciency of the information acquisition which shifts down the information-

acquisiiton cost function.11 Given at, the �rst component c0(z�)�t of the information-acquisition

cost is negatively correlated with the borrower�s productivity z.

The higher the information gained �t , the larger the information-acquisition cost on average.

Moreover, given the level of the information gained �t, the higher the borrower�s productivity z,

the smaller the information-acquisition cost on average, which is critical for our results as will

be shown later and will be discussed in more detail soon. For simplicity, we assume the perfect

negative correlation between the borrower�s productivity z and the information-acquisition cost;

the case of the imperfect negative correlation between the borrower�s productivity z and the

information-acquisition cost does not alter our qualitative results for the sector-level analysis

because of the law of large numbers.

The heterogeneity cost component vanishes as the e¢ ciency in the �nancial sector improves

su¢ ciently. This is our rich cost-structure of the information production in the �nancial markets

that captures the supply-side of �nancial innovation. There are evidence presenting the spread of

credit availability or credit costs (proxied by the lending rate or required collateral) are negatively

correlated with productivity (or loan size)(Cressy and Toivanen (2001); Hanley Girma (2006)).

Liberti and Mian (2010) estimate the collateral spread of �nancing across riskiness and show

that it decreases in the �nancial market development

It is in order to discuss the implication of the assumption of the information-acquisition costs

negatively correlated with the borrower�s productivity. This assumption captures the feature of

data such that relative to an entrant, an incumbent surviving �rm tends to have higher pro-

11There is ample evidence about the e¢ ciency gain of the �nancial sector from technological progress. The
�nancial sector in the U.S. has grown steadily over the post-war period. The �nance industry has bene�ted greatly
from innovation in computers and information technologies. From the early 1980�s onward, the vlaue added per
employee increased much faster in the �nancial sector than in the rest of the economy. See Philippon and Reshef
(2007).
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ductivity, e.g., the selection e¤ect, and also has more advantage in the access to the external

fund, e.g., reputation e¤ect. Our assumption of the information-acquisition costs negatively

correlated with the borrower�s productivity can be interpreted as a reduced-form approach to

the reputation-e¤ect mechanism in determining the terms of borrowing mainly due to the per-

sistence of the borrower�s productivity although the borrower/entrepreneur�s productivity has

zero serial correlation in this paper. More generally, we could model the case of the positive

serial correlation for an entrepreneur�s productivity and derive the cost-saving property of the

information-acquisition cost function, which will require dynamic-contracing analysis and sacri-

�ce the tractability without much gains of intuition. For expositional simplicity, we keep the i.i.d.

process for an entrepreneur�s productivity so that we can use the one-period optimal-contracting

methodology for the analysis.

Loan Contracts Let kt(i) denote the capital supplied to entrepreneur i and dt(i) denote

entrepreneur i�s repayment. The �nancier o¤ers entrepreneur i the loan contract (kt(i); dt(i))

depending on whether the �nancier has learned zt(i) or not. Given the choice of the information-

acquisition �t, the �nancier knows true fzt(i)g for �t fraction of entrepreneurs and does not for

(1 � �t) fraction due to the law of large numbers. Let (k
N
t (i); d

N
t (i)) denote the loan contract

for entrepreneur i conditional on that �nancier has learned zt(i) and (kOt (i); d
O
t (i)) do the same

conditional on that �nancier has failed in learning zt(i).

The Financier�s Problem For the j-th group of �rms with th distribution F (�; j), given

the choice of the information-acquisition �t for this j-th group of �rms, the �nancier designs the

optimal loan-contracts to maximize its own pro�t from providing the intermediation services:

V (�t; j) = max
�(�t)

f�t

zZ
z

[dNt (z)� (1 + rf )kNt (z)]dF (z; j)

+(1� �t)
zZ
z

[dOt (z)� (1 + rf )kOt (z)]dF (z; j)g (6)

subject to the usual rationality and incentive-compatibility, if needed, conditions given by:
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[z]1��[kNt (z)]
� � dNt (z) � [z]1��[�]�; rz 2 [z; z]; (7)

[z]1��[kOt (z)]
� � dOt (z) � [z]1��[�]�; rz 2 [z; z]; (8)

[z]1��[kOt (z)]
� � dOt (z) � [z]1��[kOt (z

0)]� � dOt (z0); rz; z0 2 [z; z] (9)

where the inequality (7) refers to the individual rational condition for the entrepreneur whose

productivity z is learned by the �nancier, and the inequality (8) and (9) refer to the individual

rational and incentivie-compatibility conditions, respectively, for the entrepreneur whose pro-

ductivity z the �nancier fails to learn. The function �(�t) = f(kNt (z); dNt (z)); (kOt (z); dOt (z))g

denotes the loan contracts optimal to the �nancier�s problem above. The value function V (�t; j)

refers to the �nancier�s revenue of loan services given �t for the j-th group of �rms.

The �nancier chooses the optimal �t for the j-th group of �rms to maximize its own pro�t,

i.e., the intermediation pro�t net the information-production costs:

W (at; j) = max
�t
fV (�t)�

zZ
z

c(�t; z; at)dF (z; j)g

s.t. �t 2 [0; 1] (10)

where W (at; j) refers to the �nancier�s pro�t function from producing information and pro-

viding the j-th group of �rms with loan services given the economy-wide e¢ ciency in the infor-

mation production at.

3.2 Equilibrium

The equilibrium in this economy consists of the policy and value functions of the loan contract

o¤ered by the �nancier and the �rm�s capital supplied by the loan contract such that (i) given

the �rm size distribution, the �nancier o¤ers loan contracts and produces information satisfying

his optimization problem; (ii) loan contracts re�ects the �rm�s capital supplied and output.
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4 Results

This section presents main analytic results. First, the �nancier�s problem is analyzed, via the

methodology of the one-period optimal-contract in particular. Next, the equilibrium level of

information acquisition and hence the extent of the �nancial innovation are discussed together

with the allocation of capital across entrepreneurs. Finally, the comparative statics results

for the �nancial-innovation e¤ect on the sector-level output growth are discussed, between the

two sectors di¤ering in the mean and/or standard deviation of the entrepreneur�s productivity

distribution in particular.

4.1 Allocation of Capital Given the Information Production

For the j-th group of �rms with th distribution F (�; j), given the choice of the information-

acquisition �t for this j-th group of �rms, the solution to the �nancier�s problem of designing

the optimal loan contracts and allocating capital across entrepreneurs is characterized by Lemma

1.

Lemma 1 The mechanism design problem (6) is equivalent to having the �nancier maximize

the "virtual surplus" of the pro�t:

max
kJt (z)�0;
J2fN;Og

[z]1��[kJt (z)]
� � 1fJ=Og � (1� �) �

�(z)

z
� [z]1��[kJt (z)]� � (1 + rf )kJt (z)

where either J = N with prob. �t or J = O with prob. 1� �t (11)

, and the solution to the problem above is characterized as follows:

(1) capital employed by th entrepreneur of productivity z is given by:

either kNt (z) = (
�

1 + rf
)

1
1�� � z with prob. �t

or kOt (z) = (
�

1 + rf
)

1
1�� � zf1� (1� �) � �(z)

z
g

1
1�� with prob. 1� �t. (12)
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(2) the �nancier�s pro�t is given by:

either �Nt (z) = (1� �)(
�

1 + rf
)

�
1�� � z with prob. �t

or �Ot (z) = (1� �)(
�

1 + rf
)

�
1�� � zf1� (1� �) � �(z)

z
g

�
1�� with prob. 1� �t. (13)

(3) the participation constraint of the �rm of the lowest productivity z = z binds.

Proof. The proof follows along the lines of Salanie (2005, Chapter 2).

As shown by Lemma 1, the solution to the �nancier�s problem of designing the optimal loan

contracts is time-invariant except for �t. From now on, the time index is suppressed for the

solution to the �nancier�s problem except for �t; k
J(z) stands for kJt (z) and �

J(z) does the

same for �Jt (z) for J 2 fN;Og where the superscript J refers to the two cases in which the

�nancier either succeeds or fails in learning a �rm�s productivity z.

Let �(z) = [1 � F (z)]=f(z) denote the inverse of the hazard rate of a distribution F . The

term �(z)
z [z]

1��[kJt (z)]
� in equation (11) quanti�es the impact of asymmetric information on the

�rst best problem, which measures the extent to which the �nancier�s objective deviates from

the �rst best outcome due to the information opacity. Lemma 1 requires that the investment

policy derived from the optimal mechanism should be non-increasing in z, which is satis�ed

under the following su¢ cient condition widely used in the mechanism design literature12:

�0(z) � 0 and �(z) = 0: (A 1)

From now on, we assume that (A1) is satis�ed for both of the two distributions F (�; j) for

j 2 f1; 2g.

Misallocation of Capital From (12), it follows that the marginal product of capital

(MPK) for �rm z belonging to the group j is given by:

12A class of log-concave density including the uniform, exponential satisfy the condition that the capital invest-
ment policy must be increase in z.
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either �[z]1��[kN (z)]��1 = 1 + rf with prob. �t

or �[z]1��[kO(z)]��1 = (1 + rf )f1� (1� �) �
�(z)

z
g�1 with prob. 1� �t. (14)

MPK is equal to the (gross) risk-free rate for the �rm of which productivity is learned by

the �nancier, and higher than the (gross) risk-free rate for the others. Moreover, the lower the

productivity z, the larger the gap in MPK between the two �rms of the same productivity z.

The extent to which capital is misallocated is given by the two factors: the intensive margin
zZ
z

[f1� (1� �) � �(z)z g
�1 � 1]dF (z; j) and the extensive margin (1� �t). As the distribution of

z is time-invariant, and hence so is the intensive margin

zZ
z

[f1 � (1 � �) � �(z)z g
�1 � 1]dF (z; j),

the overall extent of capital misallocation evolves according to the evolution of �t, given the

distribution F (�; j).

4.2 Information Production

For the j-th group of �rms with th distribution F (�; j), the equilibrium level of information

production �t satis�es, under the condition that at is neither too low nor too high, which will

be given soon, the �rst order condition:

zZ
z

MR(z)dF (z; j)�
zZ
z

1

at
[HMC(z) + �t]dF (z; j) = 0 (15)

where MR(z) = [�N (z) � �O(z)] = (1 � �)( �
1+rf

)
�

1�� � z[1 � f1 � (1 � �) � �(z)z g
�

1�� ]] and

HMC(z) = c0[z
� ]. Rearranging terms, we can simplify the optimal condition for �t as:

�t = atE[MR(z); j]� E[HMC(z); j] if
E[HMC(z); j]

E[MR(z); j]
< at <

1 + E[HMC(z); j]

E[MR(z); j]
(16)
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where E[MR(z); j] =

zZ
z

MR(z)dF (z; j) is the average MR(z) and labeled as the revenue

channel, and E[HMC(z); j] =

zZ
z

HMC(z)dF (z; j) is the average HMC(z) and dubbed as the

cost channel. The MR(z) increases in the gap of capital-allocation between the informed and

uninformed �rms, and then decreases in z by (A1) �(z)0 < 0. Also the HMC(z) decreases in

z by the cost-structure. Both E[MR(z); j] and E[HMC(z); j] are higher for the group j more

a¤ected by information opacity, i.e. the group of �rms with a larger number of low-productivity

�rms given the within-group total number of �rms. As the information-production e¢ ciency at

increases, the the revenue channel becomes larger relative to the cost channel, and hence, the

equilibrium extent of the information-acquisition �t becomes larger.

4.3 Comparative Statitics w.r.t. the Firm-Level Productivity Distribution

The comparative statics results for the e¤ect of the �rm size distribution on the sector-level

output growth rates are presented, the di¤erential e¤ects by the distribution of z in particular.

From now on, we focus on the case that for the two distributions F1 and F2 of idiosyncratic

productivity with the support [z; z] ; F1 �rst-order stochastically dominates (FOSD) F2 so that

the average of z should be larger for the distribution F1 than that for F2:

F1 �rst-order stochastically dominates (FOSD) F2: (A 2)

Accordingly, we introduce notations for E[MR(z)] and E[HMC(z)] conditional on the two

distributions F1 and F2 :

E[MR(z)jFj ] =
zZ
z

MR(z)dFj(z), E[HMC(z)jFj ] =
zZ
z

HMC(z)dFj(z), for j = 1; 2: (17)

From now on, we assume that at is neither too low nor too high so that for any distribution

Fj for j = 1; 2, the (equilibrium) sector-level information production �t should be the interior
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solution to the �nancier�s problem:

maxfE[HMC(z)jFj ]
E[MR(z)jFj ]

g < at < minf
1 + E[HMC(z)jFj ]

E[MR(z)jFj ]
g: (A 3)

The assumption (A3) essentially says that for any distribution Fj for j = 1; 2, the equilibrium

sector-level information production �t should be between zero and one, and hence, satisfy the

�rst order condition to the �nancier�s problem.

Lemma 2 presents the comparative statics results for the two channels, i.e., the revenue

channel E[MR(z)jFj ] and the cost channel E[HMC(z)jFj ], w.r.t. the distribution of z.

Lemma 2 Under the assumptions (A1)-(A3), it follows that:

(1) E[MR(z)jF2] � E[MR(z)jF1] if j�[�(z)z � �0(z)]j > 113,

(2) E[HMC(z)jF2] � E[HMC(z)jF1].

The revenue channel is larger in the sector with a larger number of low-productivity �rms

relative to the sector with a smaller number of low-productivity �rms. That is, the revenue

channel is larger for a lower-productivity �rm relative to a higher-productivity �rm. By con-

struction, the cost channel is also larger for the sector with more low-productivity �rms relative

to the sector with less low-productivity �rms. The equilibrium outcome for the sector-level

information production is determined by which out of those two opposing forces dominates the

other.

From now on, we assume:

j�[�(z)
z

� �0(z)]j > 1: (A 4)

The assumption (A4) essentially makes E[MR(z)] larger for the sector with the smaller

average z than for the sector with the larger average z as shown by the Lemma 2.

Let a� denote the ratio of E[HMC(z)jF2]�E[HMC(z)jF1] to E[MR(z)jF2]�E[MR(z)jF1]:
13The su¢ cient condition j�[�(z)

z
� �0(z)]j > 1 holds for numerous examples of log-concave density with rea-

sonable parameterization.
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a� =
E[HMC(z)jF2]� E[HMC(z)jF1]
E[MR(z)jF2]� E[MR(z)jF1]

: (18)

Lemma 3 Under the four assumptions (A1)- (A4), the equilibrium level of information pro-

duction for the distribution F1 relative to that for F2 is determined by the country-level �nancial

development at compared to the cuto¤ level a�:

�(F1) � �(F2) if at � a�; and �(F1) < �(F2) otherwise.

Lemma 3 says that for the case of the country-level �nancial development at su¢ ciently

low, the (equilibrium) level of information production �t is higher in the sector with the larger

average productivity than in the sector with the smaller average productivity, and the opposite

result for �t for the other case of at su¢ ciently high. The assumed heterogeneity of the cost of

the information production across the productivity of the entrepreneur/borrower is critical to

the aforementioned result for the relative sector-level information production between the large-

and small-sized sectors depending on the country-level �nancial development. The benchmark

case of the homogeneous cost of the information production clari�es this point, of which results

are presented by Corollary 1.

Corollary 1 Under the four assumptions (A1)- (A4), a� = 0 and �(F1) < �(F2) if c0 = 0.

As shown by Corollary 1, for the case of c0 = 0; i.e., the homogeneous cost of information

production across the entrepreneur/borrower�s productivity z, the sector-level equilibrium in-

formation production �t is essentially determined by only the revenue channel E[MR(z)] but

not by the cost channel E[HMC(z)] ; as a result, in this case, the equilibrium information

production is higher for the sector with the smaller average productivity z independently of the

country-level �nancial development at.

Let g(�t) denote the growth rate of �t: g(�t) = d log(�t)=dt, which is given by:
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g(�t) = g(at)
atE[MR(z)]

atE[MR(z)]� E[HMC(z)]
(19)

where g(at) = d log(at)=dt denotes the growth rate of at and is dubbed as the �nancial

innovation in the sense that at represents the level of the �nancial development in this economy.

As at is common to every �rm in this economy, so is g(at). Thus, the derivative of the growth

rate of �t w.r.t. the country-level �nancial innovation is given by:

dg(�t)

dg(at)
=

atE[MR(z)]

atE[MR(z)]� E[HMC(z)]
: (20)

Lemma 4 Under the four assumptions (A1)- (A4), dg(�t)dg(at)
is larger (smaller) for F2 than for

F1 if E[MR(z)jF1]=E[HMC(z)jF1] is larger (smaller) than E[MR(z)jF2]=E[HMC(z)jF2]:

dg(�tjF2)
dg(at)

>
dg(�tjF1)
dg(at)

if
E[MR(z)jF1]
E[HMC(z)jF1]

>
E[MR(z)jF2]
E[HMC(z)jF2]

,

and
dg(�tjF2)
dg(at)

� dg(�tjF1)
dg(at)

if
E[MR(z)jF1]
E[HMC(z)jF1]

� E[MR(z)jF2]
E[HMC(z)jF2]

.

Lemma 4 states that for the case of E[MR(z)jF1]=E[HMC(z)jF1] > E[MR(z)jF2]=E[HMC(z)jF2],

the impact of the country-level �nancial innovation g(at) on the sector-level growth rate of the

information acquisition �t is larger for the sector with the smaller average productivity than for

the sector with the larger average productivity.

For a future discussion, we state the comparative statics results for the e¤ect of the �rm size

distribution on outputs in regard to the �rst-order stochastic dominance of the distribution of

z. Let E[yN (z)jFj ] =
zZ
z

yN (z)dFj(z) and E[yO(z)jFj ] =
zZ
z

yO(z)dFj(z) for j = 1; 2:

Corollary 2 Under the four assumptions (A1)- (A4), (1) E[yJ(z)jF1] � E[yJ(z)jF2] for J =

N; 0 , and (2) E[yN (z)jF2]� E[yO(z)jF2] � E[yN (z)jF1]� E[yO(z)jF1].

The corollary �rst states that an increase in the average productivity generally scales (both
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the informed and the uninformed) outputs up, since it enhances the incentive of the bank to

fund R&D. Similar to Lemma 2 (1), the gap between the informed outputs and the uninformed

outputs is larger in the sector with a larger number of low-productivity �rms relative to the

sector with a smaller number of low-productivity �rms.

Let g(ytjFj) denote the growth rate of the average output for the j-th group: g(ytjFj) =

d log(ytjFj)=dt. Given ytjFj = �tE[y
N (z)jFj ] + (1 � �t)E[y

O(z)jFj ], j = 1; 2, we can simplify

g(ytjFj) as:

g(ytjFj) = 	t(j) �
d�t(Fj)

dt
where 	t �

E[yN jFj ]� E[yOjFj ]
�t(j)E[y

N jFj ] + (1� �t(j))E[yOjFj ]
. (21)

Thus, the derivative of g(ytjFj) w.r.t. the country-level �nancial innovation g(at) is given

by:

dg(ytjFj)
dg(at)

= �t(Fj)	t(j) �
dg(�tjFj)
dg(at)

(22)

which is the product of the two components: the one is �t(Fj)	t(j), the marginal impact of

the growth rate of �t on the output growth rate, and the other is
dg(�t)
dg(at)

, the marginal impact of

technology growth rate on the growth rate of �t.

Under the aforementioned su¢ cient conditions taken together, the results for the relative

output growth rate between the two sectors are obtained, see Proposition 1.

Proposition 1 Under the four assumptions (A1)- (A4), assume that at <
yjFj

E[MR(z)jFj ]�fE[yN jFj ]�E[yOjFj ]g ,

8j where yjFj = �t(Fj)E[y
N jFj ] + (1 � �t(Fj))E[y

OjFj ] and [yjF1yjF2 ]
2 > yjF2

yjF1 .
14. As at increases,

the gap [dg(ytjF2)dg(at)
� dg(ytjF1)

dg(at)
] increases:

@[dg(ytjF2)dg(at)
� dg(ytjF1)

dg(at)
]

@at
> 0:

The proposition 1 indicates that the marginal impact of the technology growth rate on the
14The two assumptions hold under realistic paramaterizations.
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growth rate of �rms in the low-average-productivity sector relative to that in the high-average-

productivity sector increases as technology improves. The result is consistent with the main

empirical �ndings presented earlier in this paper. The impact of �nancial innovation on the

growth rate of �rms in the low-average-productivity sector relative to that in the high-average-

productivity sector is critically increases, as �nancial markets develop (technology innovates in

�nancial markets). For the �nancially highly-developed countries, the response of the growth

rate of �rms to one unit increase in the country-level �nancial innovation is larger in the low-

average-productivity sector than in the high-average-productivity sector. By contrast, for the

�nancially under-developed countries, the result may be overturned.

5 Conclusions

This paper addresses the question of whether there is the heterogeneity in the extent of the

disproportionate impact of �nancial innovation on �rms across countries di¤ering in the su¢ -

ciently high e¢ ciency in the information production (with the su¢ ciently high level of �nancial

development). This issue has been not discussed in the previous literature. Using the Eurostat

database on the sector-level investments over the period 2002-07, we �nd that the impact of

�nancial innovation on �rms in the highly-information-opaque-sector relative to �rms in the

lowly- information-opaque-sector varies across countries di¤ering in the level of �nancial de-

velopment. More speci�cally, �rst, the sector-level mean and standard deviation of �rm-sizes

within a given sector are intended to capture the disproportionate impact of �nancial innovation

on small- and highly-dispersed-sectors. Second, the country-level �nancial development itself is

also considered so that it should capture the heterogeneity in such a disproportionate impact of

�nancial innovation across countries di¤ering in the level of �nancial development.

We build a simple model of �nancial innovation and allocation of capital across entrepreneurs

where information acquisition is determined by two opposite factors: (i) marginal improvement

in asymmetric information; (ii) marginal cost of information acquisition. In the model, the

allocation of capital across entrepreneurs is distorted to the extent to which information of

an entrepreneur�s productivity is asymmetric between the entrepreneur and the �nancier: the
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more the information-acquisition costs paid, the less the extent of asymmetry of information

and thereby the less distorted the allocation of capital. The (equilibrium) extent of information

acquisition is endogenously determined by the two opposing forces: (i) marginal improvement of

the asymmetric information problem, i.e., demand-side, and (ii) marginal cost, i.e., supply-side.

The comparative statics results show that with the su¢ ciently high e¢ ciency in the infor-

mation production (with the su¢ ciently high level of �nancial development), the cost channel

is dominated by the revenue channel, resulting in the higher level of information production

together with the higher growth rates both for information production and for �rm-level output

for the group of �rms with the lower mean productivity relative to the group of the higher mean

productivity. By contrast, the opposite results are obtained for the case in which a country�s ef-

�ciency of information production is su¢ ciently low. These results are consistent with our main

empirical �ndings that for the disproportionate impact of �nancial innovation on the small-

relative to the large-sized �rms, a country�s level of �nancial development matters signi�cantly.

Appendix A: Proofs (FOSD)

Proof of Lemma 2. The revenue channel and the cost channel are given by: E[MR(z)jFj ] =

(1� �)( �
1+rf

)
�

1��

zZ
z

�(z)dF1(z) and E[HMC(z)jFj ] =
zZ
z

c0[z]
�dF2(z)

where �(z) = z[1� f1� (1� �) � �(z)z g
�

1�� ]] .

(1) To prove E[MR(z)jF2] � E[MR(z)jF1], we must show the following inequality holds:
zZ
z

�(z)dF1(z) �
zZ
z

�(z)dF2(z). Because F1 "�rst-order stochastically dominates(FOSD)" F2, we

have that

zZ
z

 (z)dF2(z) �
zZ
z

 (z)dF1(z) for every non-increasing function  (z). Hence, to prove

the result, we must show that �(z) is non-increasing. Taking its derivative with respect to z, we

obtain:

�0(z) = 1� f1� (1� �) � �(z)
z
g

�
1�� � �f1� (1� �) � �(z)

z
g�

1�2�
1�� � [�(z)

z
� �0(z)].
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A su¢ cient, but not necessary condition for it to be negative is j�[�(z)z � �0(z)]j > 1.

(2) It is su¢ cient to show that d[z]
�

z = �[z]��1 < 0:

The remaining proofs follow along the lines of the Lemma 2.

Proof of Lemma 3. It is su¢ cient to show that at�0(z) + c0[z]
��1 > 0 if at < a�; at

�0(z) + c0[z]��1 < 0 otherwise. By (19), the inequality is hold.

Proof of Lemma 4. Note that
h
dg(�tjF2)
dg(at)

� dg(�tjF1)
dg(at)

i
is given by:

dg(�tjF2)
dg(at)

�dg(�tjF1)
dg(at)

=
atE[MR(z)jF1]E[HMC(z)jF2]� atE[MR(z)jF2]E[HMC(z)jF1]

[atE[MR(z)jF2]� E[HMC(z)jF2]] [atE[MR(z)jF1]� E[HMC(z)jF1]]
.

It is obvious that atE[MR(z)jFj ]�E[HMC(z)jFj ] > 0 for j = 1; 2. Thus, dg(�tjF2)dg(at)
> dg(�tjF1)

dg(at)

if E[MR(z)jF1]E[HMC(z)jF2] > E[MR(z)jF2]E[HMC(z)jF1], and dg(�tjF2)
dg(at)

� dg(�tjF1)
dg(at)

if E[MR(z)jF1]E[HMC(z)jF2] � E[MR(z)jF2]E[HMC(z)jF1].

Proof of Corollary 2. The proof for E[yN (z)jF1] � E[yN (z)jF2] is trivial. Let�s start with

E[yO(z)jF1] � E[yO(z)jF2]. Because F1 "�rst-order stochastically dominates(FOSD)" F2, we

have that E[ (z)jF1] � E[ (z)jF2] for every non-decreasing function  (z). Hence, to prove (1),

we must show that yO(z) is non-increasing. Taking its derivative with respect to z, we obtain:

d[yO(z)]

dz
= f1� (1� �) � �(z)

z
g

�
1�� + �f1� (1� �) � �(z)

z
g�

1�2�
1�� � [�(z)

z
� �0(z)] > 0

if �0(z) < 0

We know E[yJ(z)] = ( 1
1��)E[�

J(z)] where J 2 fN; 0g. By the lemma 3, we prove (2).

Proof of Proposition 1. We start assuming that at <
yjFj

E[MR(z)jFj ]�fE[yN jFj ]�E[yOjFj ]g , 8j

where yjFj = �t(Fj)E[y
N jFj ] + (1� �t(Fj))E[y

OjFj ] and [yjF1yjF2 ]
2 > yjF2

yjF1 . (The two assumptions

hold under realistic parameterization.) From (22), we derive

dg(ytjFj)
dg(at)

= atE[MR(z)jFj ] �
fE[yN jFj ]� E[yOjFj ]g

f�t(Fj)E[yN jFj ] + (1� �t(Fj))E[yOjFj ]g

By di¤erentiating it w.r.t. at,
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@[
dg(ytjFj)
dg(at)

]

@at
=

E[MR(z)jFj ]�fE[yN jFj ]�E[yOjFj ]g�fyjFjg�atE[MR(z)jFj ]�fE[yN jFj ]�E[yOjFj ]g2
d�t(Fj)

dat
fyjFjg2

=
E[MR(z)jFj ]�fE[yN jFj ]�E[yOjFj ]g��(Fj ;at)

fyjFjg2 .

where �(Fj ; at) = fyjFj � atE[MR(z)jFj ] � fE[yN jFj ]� E[yOjFj ]gg(> 0).

By the lemma 2 and the corollary 2, we know 1) E[MR(z)jF2] � fE[yN jF2] � E[yOjF2]g >

E[MR(z)jF1] � fE[yN jF1]�E[yOjF1]g and 2) yjF2 < yjF1. Notice that �(F1; at) > �(F2; at) for

8 at. Hence,

[
@[dg(ytjF2)dg(at)

]

@at
�
@[dg(ytjF1)dg(at)

]

@at
] =

E[MR(z)jF2] � fE[yN jF2]� E[yOjF2]g ��(F2; at)
fyjF2g2

�E[MR(z)jF1] � fE[yN jF1]� E[yOjF1]g ��(F1; at)
fyjF1g2

=
E[MR(z)jF2] � fE[yN jF2]� E[yOjF2]g � fyjF1g2 ��(F2; at)

fyjF1g2fyjF2g2

�E[MR(z)jF1] � fE[yN jF1]� E[yOjF1]g � fyjF2g2 ��(F1; at)
fyjF1g2fyjF2g2

>
E[MR(z)jF2] � fE[yN jF2]� E[yOjF2]g � fyjF1g2 � fyjF2g

fyjF1g2fyjF2g2

�E[MR(z)jF1] � fE[yN jF1]� E[yOjF1]g � fyjF2g2 � fyjF1g
fyjF1g2fyjF2g2

> 0 (because [
yjF1
yjF2

]2 >
yjF2
yjF1

)

The last inequality holds because the distortion from asymmetric information f1� (1��) � �(z)z g

has a value of between 0 and 1, yjFj > �(Fj ; at) for 8 j.

Appendix B: Proofs (SOSD)

From now on, instead of assuming (A2), we start with assuming that F1 second-order stochas-

tically dominates (SOSD) F2 so that the standard deviation of z should be smaller for the

distribution F1 than that for F2:

F1 second-order stochastically dominates (SOSD) F2: (A 2�)

We rewrite Lemma 2, Lemma 3 and Corollary 2 to discuss the comparative static

31



results with respect to the Second-order Stochastic Dominance in the distribution.

Lemma 5 (2 -SOSD) Assume (A1) and j�[�(z)z � �0(z)]j > 1 holds. Consider the distribution

F1 and F2 of idiosyncratic productivity with the support [z; z] such that F1 "Second-order sto-

chastically dominates(SOSD)" F2 so that the average of z should be larger for the distribution

F1 than that for F2. Let E[MR(z)jFj ] =
zZ
z

MR(z)dFj(z), E[HMC(z)jFj ] =
zZ
z

HMC(z)dFj(z)

and �(Fj) = atE[MR(z)jFj ]� E[HMC(z)jFj ] for j = 1; 2; then

(1) E[MR(z)jF2] � E[MR(z)jF1] if � � 1=2 and �00(z) � 0.

(2) E[HMC(z)jF2] � E[HMC(z)jF1].

Proof. : (1) Because F1 "second-order stochastically dominates(SOSD)" F2, we have that

zZ
bz
 (z)dF2(z) �

zZ
bz
 (z)dF1(z), for every concave function  (z). Hence, to prove (1), we must

show that �(z) is concave. Taking the second derivative of it with respect to z, we obtain

�
00
(z) = ��00(z)f1� (1� �) � �(z)

z
g�

1�2�
1�� + (�=z)(1� 2�)f1� (1� �) � �(z)

z
g�

1�2�
1�� �1 � [�(z)

z
� �0(z)]2.

> 0 if � � 1=2 and �00(z) � 0

(2) It is su¢ cient to show that d
2[z]�

dz2
= ( + 1)c0[z]

��2 > 0:

The requirement �00(z) � 0 is satis�ed if the distribution of z is uniform, exponential, or

Pareto, for example. From now on, we assume (A1), (A2)�, (A3), (A4) and

� � 1=2 and �00(z) � 0

Let a�� denote the ratio of E[HMC(z)jF2]� E[HMC(z)jF1] to E[MR(z)jF2]� E[MR(z)jF1]:

a�� =
E[HMC(z)jF2]� E[HMC(z)jF1]
E[MR(z)jF2]� E[MR(z)jF1]

: (19�)
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Lemma 6 (3-SOSD) Under the �ve assumptions, the equilibrium level of information produc-

tion for the distribution F1 relative to that for F2 is determined by the country-level �nancial

development at compared to the cuto¤ level a��:

�(F1) � �(F2) if at � a��;

�(F1) < �(F2) otherwise.

Proof. : It is su¢ cient to show that at�00(z) � ( + 1)c0[z]
��2 < 0 if at < a��; at �00(z) �

( + 1)c0[z]
��2 > 0 otherwise. By (19�), the inequality is hold.

Corollary 3 (2-SOSD) Under the �ve assumptions, (1) E[yO(z)jF1] � E[yO(z)jF2], and (2)

E[yN (z)jF2]� E[yO(z)jF2] � E[yN (z)jF1]� E[yO(z)jF1].if � � 1=2 and �00(z) � 0.

Proof. : Because F1 "Second-order stochastically dominates(SOSD)" F2, we have that E[ (z)jF2] �

E[ (z)jF1] for every convex function  (z). Hence, to prove (1), we must show that yO(z) is

convex. Taking its second-derivative with respect to z, we obtain:

d2[yO(z)]

dz2
= ���00(z)f1� (1� �) � �(z)

z
g�

1�2�
1�� � (�=z)(1� 2�)f1� (1� �) � �(z)

z
g�

1�2�
1�� �1 � [�(z)

z
� �0(z)]2

< 0 if � � 1=2 and �00(z) � 0

We know E[yJ(z)] = ( 1
1��)E[�

J(z)] where J 2 fN; 0g. By the lemma (3-SOSD), we prove

(2).

Appendix C: Data Appendix

� The "Weighted Mean" and "Weighted Standard Deviation" of Firm Size Dis-

tribution :

Following Ace, Morck and Yeung (1999) and Pagano and Schivardi (2003), I construct a

measure of average �rm size that is employment-weighted. Let EMPLi denote employ-

ment in industry i, FIRMij the number of �rms in size class j in industry i, SHAREij the

employment share of �rm size class j in industry i and MEANij = EMPLij=FIRMij the
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average �rm size of class j in industry i. I have �ve �rm size classes based on the number

of employees : 1-9, 10-19, 20-49, 50-249, and 250 or more. The "weighted average" �rm

size:

MEANi =
5X
j=1

SHAREijMEANij ;

and the "weighted standard deviation" is our measure of dispersion

WSDi =

vuut 5X
j=1

SHAREij(MEANij �MEANi)2.

� External Dependence of Industries:

Following Rajan and Zingales (1998), I construct external dependence indexes over the

sample period by using COMPUSTAT data We calculate a �rm�s dependence on exter-

nal �nance as capital expenditure(COMPUSTAT #128) minus cash �ow from operations

divided by capital expenditures. Cash �ow from operation is de�ned as the sum of COM-

PUSTAT # 123,125,126,106, 213, 217.

� US Net Sale Growth :

I de�ne US Net Sale Growth as growth in real sales, industry-level median of �rm average

growth rates over the sample period for US �rms, from COMPUSTAT.
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Table 1 : Description of Main  Variables

NOTE : variable description   

2002-7 VAD growth : average growth rate of real valud added per worker for period 2002--2007

Mean : weighted mean of the firm size distribution in 2002

StdDev :weighted mean of the firm size distribution in 2002 

Fin. Dev. : level of private credit to GDP in 2002

Fin. Inv. (1) : average growth rate of private credit to GDP for period 2002-2007

Fin. Inv. (2) : the maximum average growth rate of private (public) credit bureau coverage for period 2004-2007

Country obs.(sectors) VAD growth Mean StdDev Fin. Dev. Fin. Inv. (1) Fin. Inv. (2)

Austria 16 0.052 291.463 197.411 1.039 0.016 6

Bulgaria 9 0.171 368.487 261.234 0.167 0.265 3

Czech Republic 18 0.089 397.407 292.322 0.335 0.034 4

Denmark 11 0.035 339.839 258.330 1.427 0.053 4

Estonia 4 0.073 111.108 111.180 0.403 0.157 6

Finland 15 0.064 596.250 352.618 0.564 0.073 4

France 20 0.026 551.820 349.549 0.856 0.022 5

Germany 17 0.059 599.506 346.821 1.167 -0.018 6

Hungary 18 0.116 393.461 266.143 0.324 0.122 5

Ireland 5 0.069 315.980 221.150 1.044 0.122 5

Italy 20 0.029 273.864 277.737 0.773 0.041 4

Latvia 17 0.096 378.816 255.211 0.282 0.261 2

Lithuania 11 0.138 391.081 295.813 0.144 0.313 3

Netherlands 15 0.049 254.208 209.041 1.368 0.051 5

Norway 10 0.055 465.617 345.137 0.722 0.028 4

Poland 16 0.041 318.225 262.812 0.270 0.029 4

Portugal 13 0.043 189.974 191.804 1.365 0.021 4

Romania 17 0.147 564.071 291.058 0.083 0.263 4

Slovakia 14 0.135 596.562 303.333 0.369 -0.005 3

Slovenia 15 0.083 315.777 257.118 0.381 0.117 3

Spain 17 0.037 244.873 259.724 1.001 0.108 5

Sweden 15 0.126 691.365 432.412 0.977 0.027 4

United Kingdom 20 0.028 328.447 283.042 1.325 0.049 6

Table 1-1 : Sector-Level Means of Weighted Mean and Standard Deviation 

of the 2002 FSD and of 2002-7 Growth in Real VAD per worker

Industry NACE  VAD growth  Mean StdDev obs.

food 15 0.059 205.801 220.118 2

textiles 17 0.044 263.408 220.465 17

wearing 18 0.040 206.429 220.429 17

leather 19 -0.002 152.423 165.536 5

wood 20 0.067 140.682 182.502 20

paper 21 -0.004 411.064 260.085 18

publishing 22 0.034 202.665 245.943 19

chemicals 24 0.076 568.001 335.456 20

rubber 25 0.043 241.726 230.993 20

non-metallic 26 0.069 278.983 253.734 21

basic metal 27 0.183 800.774 394.011 18

fabricated metal 28 0.057 116.269 152.898 19

machinery 29 0.070 308.583 277.753 23

office_computer 30 0.109 559.626 327.579 11

electrical 31 0.084 520.035 357.616 22

communication 32 0.202 717.761 383.569 15

precision 33 0.047 358.812 305.944 17

motor 34 0.080 942.308 428.393 12

other transport 35 0.046 800.602 477.793 14

furniture 36 0.033 298.978 299.984 12

recycling 37 0.133 65.885 82.371 11



Table 2: Regression results for the regression framework (1)

Dependent Variable Is Average Growth Rate Of Real Value Added Per Worker Over 2002 To 7

(1) whole countries (2) lower 50th (3) upper 25th

credit bureau cov.  private credit / GDP credit bureau cov.  private credit / GDP credit bureau cov.  private credit / GDP

MEANxf 0.069 (0.032)** 0.476 (0.209)** 0.045 (0.029) 0.565 (0.280)** -0.394 (0.115)*** -0.768 (0.228)***

SDxf -0.123 (0.050)** -0.509 (0.218)** -0.112 (0.041)*** -0.602 (0.291)** 0.566 (0.173)*** 1.129 (0.262)***

Investment 0.020 (0.023) 0.019 (0.021) -0.026 (0.020) -0.009 (0.019) -0.005 (0.009) -0.009 (0.009)

Payroll 0.018 (0.013) 0.015 (0.012) 0.040 (0.030) 0.026 (0.026) -0.014 (0.005)** -0.012 (0.007)***

VAD2002 -0.181 (0.079)** -0.180 (0.074)** -0.120 (0.063)* -0.138 (0.064)** -0.053 (0.013)*** -0.046 (0.010)***

Constant -0.655 (0.380)* -0.655 (0.352)* -0.835 (0.614) -0.738 (0.572) -0.517 (0.132)*** -0.341 (0.069)***

R Square 0.49 0.43 0.51 0.42 0.78 0.80

Num of Obs 309 336 131 158 82 82

NOTE : We report heteroskedasticity-robust standard errors in parentheses.   

* Singificance at the 10% level. ** Idem., 5%. ***Idem., 1%.

Table 3: Regression results for the regression framework (2)

Dependent Variable Is Average Growth Rate Of Real Value Added Per Worker Over 2002 To 7

(1) (2) (3) 

credit bureau cov.  private credit / GDP credit bureau cov.  private credit / GDP credit bureau cov.  private credit / GDP

MEAN x f 0.243 (0.091)*** 1.147 (0.557)** 0.226 (0.091)** 1.160 (0.572)** 0.224 (0.085)*** 1.116 (0.584)*

SD x f -0.339 (0.125)*** -1.698 (0.750)** -0.315 (0.125)** -1.659 (0.739)** -0.312 (0.119)*** -1.604 (0.736)**

MEAN x F x f -0.327 (0.127)** -1.430 (0.854)* -0.308 (0.125)** -1.692 (0.977)* -0.315 (0.118)*** -1.723 (0.203)*

SD x F x f 0.478 (0.184)*** 2.565 (1.346)** 0.450 (0.181)** 2.923 (1.547)* 0.456 (0.169)*** 2.952 (1.488)**

MEAN 0.030 (0.023) 0.041 (0.029) 0.028 (0.019) 0.045 (0.027)*

SD -0.031 (0.025) -0.064 (0.042) -0.029 (0.023) -0.069 (0.038)*

FIN DEP x  f -0.021 (0.012)* -0.173 (0.203)

US SALES x f 0.186 (0.077)** 1.891 (1.052)*

Investment 0.020 (0.021) 0.284 (0.021) 0.018 (0.020) 0.025 (0.020) 0.016 (0.020) 0.023 (0.020)

Payroll 0.016 (0.013) 0.010 (0.012) 0.011 (0.012) 0.012 (0.012) 0.008 (0.012) 0.011 (0.012)

VAD2002 -0.174 (0.075)** -0.183 (0.073)** -0.172 (0.075)** -0.181 (0.072)** -0.167 (0.075)** -0.177 (0.072)**

Constant -0.647 (0.362)* -0.705 (0.35)** -0.603 (0.342)* -0.603 (0.329)* -0.615 (0.338)* -0.525 (0.334)

R Square 0.50 0.49 0.50 0.50 0.52 0.51

Num of Obs 336 336 336 336 336 336

NOTE : We report heteroskedasticity-robust standard errors in parentheses.   

* Singificance at the 10% level. ** Idem., 5%. ***Idem., 1%.

FIN DEP is a measure of the industry's dependence of external dependence, based on the U.S. data.

US SALES is an industrt measure of sales growth over the sample period, based on the U.S. data.


