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Abstract

We build a firm dynamics model with corruption to study its impact on firm
entry and exit, capital accumulation, and innovation. The effect of corruption
depends on the degree of financial frictions and the stage of economic devel-
opment. In the model, corruption serves as an endogenous entry barrier that
reduces firm churning and protects the incumbent firms, allowing them to accu-
mulate capital more quickly and grow out of financial constraints. Corruption
can therefore have a positive effect when economic growth relies mainly on cap-
ital accumulation. However, as the economy develops, corruption can lead to
increasing productivity losses when capital becomes abundant and technolog-
ical progress is the main driver of growth. In addition, more corruption at the
early stage could lead to a highly skewed distribution of firms later on, making
it easier for asset-rich incumbent firms to bribe the government officials and pre-
vent successful innovators from entering the market. We test the predictions of
our theory using the Chinese firm-level data from 1998 to 2007. Our theory also
has implications for the optimal anti-corruption policy over the development
process.
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1 Introduction

It is widely believed that corruption hinders economic growth and judicial reforms
that target corruption activities would improve the growth potentials of developing
countries." However, as shown in Figure 1, although there exists a strong negative
correlation between corruption and income across countries (Panel A), the correla-
tion is much weaker for the poorest countries (Panel B). We postulate that this is
because corruption may help growth in certain cases if it mitigates the effects of
other frictions. The goal of our paper is to understand the role of corruption over
the development process. To this aim, we incorporate corruption in a firm dynamics
model with financial frictions and study the aggregate effect of corruption through

impacting firm dynamics.
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Figure 1: Corruption and economic development

Source: PWT (2017), corruption perception index (2017)

Note: The two figures plot the correlation between the rankings of real GDP per capita (x axis)
and the corruption perception index (right axis) across countries. Panel A includes all countries
in the sample and panel B only includes the poorest quartile of countries.

Our theory is motivated by two pieces of evidence on firm dynamics. First, us-
ing the Orbis firm-level database for 40 countries at different levels of economic
development, we show that firms in less developed countries exhibit more volatile
growth in sales, asset, employment, and labor productivity. Second, we construct

a corruption index across Chinese provinces using the number of corruption cases

Recently, the International Monetary Fund updated their framework in order to have an en-
hanced engagement with countries on corruption issues (see IMF, 20182 and IMF, 2018b).



brought up in the judicial system during the recent anti-corruption campaign. By
exploring the regional variations in the level of corruption, we find that firms in
provinces with a higher incidences of bribery cases tend to have a higher growth
rate in capital, labor and output, but a lower growth rate in labor productivity.

Motivated by these two facts, we build a model of firm dynamics with finan-
cial friction, in which corruption is a bidding competition between incumbents and
potential entrants to obtain an operating permit. Corruption serves as an endoge-
nous entry barrier that protects incumbents at the expense of potential productivity
gain from entry. In poor countries with higher growth volatility and less developed
tinancial markets, the aggregate effects of corruption could be positive because it
leads to faster wealth accumulation by keeping incumbents in the market longer.

In the model, there exists a continuum of goods markets, each of which is occu-
pied by an incumbent entrepreneur. In each period, the incumbents are randomly
matched with potential entrants, and depending on whether the market is corrupt-
ible, they engage in a Bertrand-style price competition (without corruption) or a bid-
ding competition to bribe a corruptible government official for an operating permit
(with corruption). Banks incur a monitoring cost that declines with size of collateral,
hence the financing cost of entrepreneurs can be reduced through the accumulation
of wealth.

In the markets without corruption, the entrepreneur with a lower unit cost of
production wins the Bertrand competition and monopolizes the market. The unit
cost of production decreases with both the idiosyncratic productivity shock and the
tinancing cost (hence wealth). The shocks to entrepreneurs’ idiosyncratic produc-
tivity lead to frequent entry and exit, making it difficult for entrepreneurs to stay
in the market for a long period of time and accumulate enough wealth to alleviate
financial frictions.

In the markets with corruption, instead of Bertrand competition, there is a cor-
ruptible government official handing out an operating permit. The incumbent and
entrant engage in a bidding competition of bribery, in which the size of the bribery
depends on the entrepreneurs’ willingness and the ability to pay. If entrepreneurs
are unable to pledge their gain from winning the permit, wealthier entrepreneurs
win the competition because they can pay more bribe out of pocket. In this case,
corruption serves as an endogenous entry barrier that protects incumbents who are

on average wealthier, which allows them to accumulate wealth faster, but leads to



relatively lower aggregate productivity.

The predictions of our model are confirmed in the data. We exploit the cross-
province variation in China and show that higher incidences of bribery is associ-
ated with lower firm growth volatility, and the correlation is stronger for sectors that
are more dependent on external financing. In a quantitative version of the model,
we show that the steady-state output of an economy with corruption is 3.8 percent
higher than that of an economy without corruption. The higher output in the econ-
omy with corruption can be attributed to a higher capital labor ratio, although its
aggregate productivity is lower. We also find that the output gain from corruption
is lower with less severe financial frictions and highly persistent idiosyncratic pro-
ductivity shocks.

In addition, our model also has an implication for the dynamic effects of cor-
ruption and the optimal anti-corruption policy over the development process. In
the extension of the benchmark model, firms have two options to improve their
productivity: imitate from the world technological frontier or innovate. When the
economy is far away from the technological frontier, imitation is preferred over in-
novation, and since entrepreneurs are ex-ante and ex-post identical in their ability
to imitate, selection of productive entrepreneurs through entry is less important at
this stage. It is therefore optimal to have a relatively higher level corruption to pro-
tect the incumbents, especially when the financial markets are underdeveloped. On
the other hand, when the economy approaches the technological frontier and inno-
vation is the preferred strategy of productivity progress, it becomes very important
to allow successful innovators to enter the markets. Therefore it is optimal to adopt
a higher level of anti-corruption effort. > However, corruption at the early stage
of development could have long-lasting effects on the economy when the it enters
the innovation stage, because corruption at the imitation stage generates a more un-
equal wealth distribution between incumbents and entrants and makes it easy for
the incumbents to block the entry of more productive entrepreneurs.

2This is consistent with the findings in Acemoglu, Aghion and Zilibotti (2006) that the effect of
entry barriers depends on the distance to the technology frontier.



1.1 Related Literature

This paper contributes to several strands of literature. First, we aim at providing
a macroeconomic framework to understand the aggregate effects of corruption. In
particular, we focus on how corruption affects firm dynamics patterns during the
development process. Akcigit, Baslandze and Lotti (2018) provide rich evidence
for how political connections affect firms” employment growth, productivity and
innovation based on a novel data set of Italian firms and politicians. They illus-
trate the mechanisms with a firm dynamics model where corruption helps alleviate
bureaucratic burden, but leads to a dynamic inefficiency because it reduces entry.
Our model focuses instead on the interaction between corruption and financial con-
straints and we show that the trade off between the static and dynamic effects de-
pends on the level of development. We test the model’s predictions using Chinese
tirms and regional variation in corruption that was uncovered during a recent anti-
corruption campaign.

Second, our paper is related to a broader literature on the effect of corruption on
growth. Corruption could have a positive effects on economic growth if it helps
“grease the wheel” in the face of bureaucratic hurdles. This view is supported
by firm-level evidence regarding firm entry in Dreher and Gassebner (2013), while
other studies have found that corruption largely has a negative effect at the macro
level (Meon and Sekkat, 2005). Our paper provides a theory that carefully models
the role of corruption for firms’ growth. In particular, we emphasize how corruption
can serve as an endogenous entry barrier that reduces firm churning and allowing
tirms to grow faster at early stages of development.

Third, our paper contributes to the growing literature of firm dynamics of devel-
oping countries. In Asturias et al. (2017), the authors argue that firm entry/exit is
important for the productivity growth in fast-growing economies. In our paper, we
tind that corruption, which serves as an endogenous entry barrier, lowers the degree
of firm churning and implies lower productivity growth. However our paper em-
phasizes the other aspect of firm churning, that is, it slows down the investment rate
and wealth accumulation when firms are faced with financial frictions. Chiu, Meh
and Wright (2017) propose a model where financial frictions affect innovation in an
endogenous growth framework. Mukoyama and Popov (2014) study the political

economy of entry barriers and show that there are multiple equilibria where some



can have high entry barriers. Bridgman, Livshits and MacGee (2007) consider a case
where workers lobby or corrupt the government to prevent the adoption of new
technologies. Our framework also predicts that entry barriers can be too large, but
in our case they arise endogenously. Since they depend on the wealth distribution,
initially high levels corruption can lead to persistent entry barriers, because it pro-
tects incumbents who use their wealth for corruption at later stages of development
when entry barriers should be reduced.

Fourth, we relate to a large literature on financial frictions and development (see
for example (Rajan and Zingales, 1998). Corruption and financial friction are the
two important frictions faced by firms in developing countries, yet, our paper is one
of the few papers that study the two types of frictions jointly in order to understand
their interaction. Ahlin and Pang (2008) also emphasize this interaction but is based
on a more stylized model, while we allow for firm heterogeneity and dynamics.

Finally, our paper is related to a strand of literature that emphasize the impor-
tance of self-financing in helping the entrepreneurs to grow out of financial frictions
(such as Midrigan and Xu, 2014). We build on the distance to frontier literature as in
Acemoglu, Aghion and Zilibotti (2006) who highlight the role of entry barriers and
financial constraints as two frictions that interact and vary over the development
process. They show that the optimal development strategy is to encourage invest-
ment when the economy is far away from the technological frontier, and then switch
to a strategy that encourages innovation and the entry of innovative firms. Zilibotti
(2017) provides cross-country evidence that the effects of administrative entry bar-
riers as well as corruption worsen when countries approach the technology frontier.
Our contribution is to provide a firm dynamics model that allows us to study the
role of these frictions in the presence of firm heterogeneity and we provide a micro
foundation for how entry barriers arise endogenously as a consequence of corrup-
tion. Itskhoki and Moll (2014) find that in the presence of financial frictions, the
optimal policy would be to subsidize investment at the cost of labor. Our theoretical

framework shares this implication but we focus on the role of corruption.



2 Empirical motivation

In this section, we present the empirical motivation for our model. In section 2.1,
we show cross-country evidence that firm growth in poor countries is more volatile
than in rich countries. In section 2.3, we exploit the variation of corruption across

provinces in China to study its impacts on firm growth.

2.1 Volatility of firm growth across countries

In this section, we document the cross-country differences in the volatility of firm

growth using the Orbis data set.

2.1.1 Data

To document cross-country difference in the volatility of firm growth, we use the
Orbis data set (2011-2016) which contains (among others) financial information of
the private and public firms across countries. The empirical evidence in this sec-
tion is based on the firm-level operating revenue (in US dollars), total assets and
the number of workers. We deflate the operating revenue using CPI from the IMF
World Economic Outlook (WEO) Database. We follow the procedures in Gopinath
et al. (2017) (when applicable) to clean the data and keep only those countries with
more than 10’000 observations.? This procedure generate a data set consisting of the
following 40 countries: Australia, Austria, Belgium, Bulgaria, Bosnia and Herzegov-
ina, China, Czech Republic, Germany, Spain, Estonia, Finland, France, Great Britain,
Greece, Croatia, Hungary, Ireland, Italy, Japan, Kazakhstan, South Korea, Lithuania,
Latvia, Moldova, Republic of North Macedonia, Netherlands, Poland, Portugal, Ro-
mania, Russia, Serbia, Slovakia, Slovenia, Sweden, and Ukraine.

Following Ramey and Ramey (1995), we compute the annual growth rate, ex-
pressed as log difference, in operating revenue, total assets, number of workers and
labor productivity. We then construct two measures for the growth volatility at the
tirm level. The first one is the standard deviation in growth rate for each firm within

each 3-digit SIC industry and the second one is the standard deviation in annual

3For the details of the procedure, see section A in the Online Appendix of Gopinath et al. (2017).



growth rate for each firm over the 5-year window. We compute the average of these
measures across industries and firm and we label them as the cross-sectional and

over-time volatility in firm growth, respectively. More formally,
VOZC = avgs,t(SDs,t(Ayi,s,t))

where Vol¢ is the cross-sectional volatility, Ay, ., is the growth rates for firm ¢ in
sector s and year ¢t and SD;(Ay; ) is the standard deviation of all firms : in sector
s and year t. And,

Vol® = avg;(SD;(Ayi+))

where Vol° is the over-time volatility, Ay; ; is the growth rates for firm i in year ¢ and
SD;(Ay,.) is the standard deviation of firms i over time.

2.2 Results

Figure 2 shows that there exists a strong and negative correlation between the volatil-
ity of firm growth (V 0l°) and the income level across countries. In other words, firm
growth is more volatile in developing countries than developed countries. The pat-
tern holds for both the employment (Panel A), operating revenue (Panel B), total
assets (Panel C) and labor productivity (Panel D).*

Figure 3 displays distributions of annual growth rate in operating revenue (de-
meaned by firm-level average growth rate) for China, France and Ukraine—three
countries with different levels of firm growth volatility. The dispersion in distribu-
tion is the highest for Ukraine firms and lowest for France firms. In addition, Figure
3 shows the distribution of annual operating revenue growth rate exhibits deviation
from the normal distribution in all three countries. French firms have the highest
kurtosis (10.06) while Ukraine firms have the lowest kurtosis (4.28). In other words,
comparing to French firms, firms in Ukraine are more likely to draw extreme shocks.
The distributions of the three countries are also rather symmetric with a small right
skewness.

In the benchmark model, we treat the difference in the volatility of firm growth

as exogenous, which reflects certain fundamental differences across countries. For

“The strong negative correlation also holds with the cross-sectional growth volatility (V ol°).
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Figure 2: Volatility of firm growth and income across countries

Source: PWT, IMF WEO database (2011-2016), Orbis (2011-2016)
Note: The two figures plot the correlation between the over-time growth volatility Vol® of employ-
ment (Panel A), operating revenue (Panel B), total assets (Panel C) and labor productivity (Panel D)

and the income level of the countries. The operating revenue are deflated using CPI from the IMF
WEQO database.
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Figure 3: Distributions of growth rate in operating revenue

example, the higher volatility in less developed countries could be a result of a less
persistent productivity process at the firm-level. As shown in Midrigan and Xu
(2014), a more persistent productivity process could help firms overcome financial
frictions through saving. The facts documented in this section suggest that a re-
duction in the growth volatility could benefit firms in less developed countries, es-
pecially the countries with a low level of financial development. With the lack of
financial development, corruption could reduce firm churning and increase capital
accumulation.

2.3 Corruption and firm-level outcomes in China

In this section, we use the corruption data and Chinese firms and examine the cor-
relation between the regional corruption levels and firm-level outcomes.

2.3.1 Data

To motivate our model of how corruption affects economic outcomes at the firm
level, we make use of two data sets. The first one is the Annual Survey of Chinese
Industrial Firms for the period of 1998 to 2007. It contains the universe of Chinese
industrial firms with an annual revenue above 5 million CNY. We get firms’ bal-
ance sheet information and other firm-level characteristics from this data set. The
descriptive statistics of this data set can be found in section 7.3.

The second data set measures the corruption activities at the province-level. To
to this, we construct a data set of the number of corruption cases using published
court judgements on the website of China Judgements Online.” We consider two

>The website is hosted by the Supreme People’s Court of China (SPC) in an effort to make the


http://wenshu.court.gov.cn/

types of corruption cases. One is called “bribery” (shouhui), meaning government
officials receiving bribery in exchange for favors. The other is called “graft” (tanwu),
meaning the misuse of public funds.

In Figure A1, we plot the number of published judgements on these two types
of corruption activities online. As shown in the figure, there is a clear trend break
in the number of corruption cases around the year 2012, possibly reflecting the fact
that the anti-corruption campaign that started after 2012 when President Xi Jinping
took office, has dramatically increased the number of corruption cases. °

In Figure 4, we plot the number of corruption cases per million people for 31
provinces in mainland China. In Panel A, we plot all the bribery cases and in Panel
B the graft cases. There is a sizable heterogeneity in the intensity of corruption across
provinces. Interestingly, similar to the findings in Li (2017), we notice the southern
provinces are more prone to bribery whereas the central provinces suffer more from

graft.

Bribery Graft

® 4 <

Figure 4: Corruption level by type across provinces in Mainland China

Source: China Judgements Online (2014-2018), Chinese Statistical Yearbooks (2014-2018)

Note: The two figures plot the number of bribery (top panel) and graft (bottom panel) cases per
million people in each province. The darker color means that the number of cases per million people
is larger. The correlation between bribery and graft per million people across provinces is -0.125. No
data is available for Taiwan.

The anti-corruption campaign is a centralized effort by the CCP to examine and
curb corruption at the local level. The CCP central committee set up an anti-corruption

committee to coordinate the effort, and in many cases, sent special task forces to

judicial system more transparent.

® Another reason, other than the anti-corruption campaign is perhaps that there are less court
judgements from earlier years published on the website. Although the goal of the website, according
to the SPC, is to publish all court ruling. It is reasonable to assume that the judgement of the recent
past is already digitized and thus easy to publish on the website.
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the provinces and cities to help the local police force investigate and prosecute the
corruption cases. As a result, we believe that the number of corruption cases pros-
ecuted in court (rather than the number that were convicted) is a good proxy for
the intensity of corruption of that region, and is less affected by their institutional
qualities.

2.3.2 Corruption and firm growth

In this section we explore the relationship between corruption and firm growth. We
consider the balanced panel of the manufacturing firms from 1998 to 2007 and com-
pute the annualized growth rate over this period of 10 years in firm sales, number
of workers, total assets, and labor productivity. We run a regression of the following
form,

Gri =a+ v+ X; + T, + fCorruption, + €, (1)

where the dependent variable G7; is the annualized growth rate of firm i. On the
right-hand-side, we control for 1) sector fixed effects v, 2) a set of firm-level controls
X, such as initial firm size, initial growth rate, and firm-level financial conditions,
3) province-level controls I', including initial level of GDP per capital and initial
growth rate in GDP per capita. The coefficient /3 in front of the province-level cor-
ruption measure Corruption, is the objective of interest. If 3 is positive (negative)
and significant, it means that high-level corruption is associated with higher (lower)
growth at the firm level.

Table 5 shows that higher incidence of bribery is correlated with a significantly
higher growth in employment and total assets (column 2 and 3). This result holds
when we control for the level of graft and firm-level financial conditions such as
share of long-term debt and the leverage ratio. As shown in column 7 and 8, a unit
increase in the number of bribery cases per million people would lead to a 0.108
percent per annual higher growth rate in employment and total assets and a 0.128
percent higher annualized growth rate in total asset. As shown in column 1 and
column 5, higher corruption is also associated with faster growth in sales, although
the estimates are not significant at 10 percent level. More interestingly, higher level
of corruption seems to associate with a lower growth rate in labor productivity (see
column 4 and 8). In short, this set of regression results seem to suggest that, after
controlling for a variety of province- and firm-level characteristics, higher incidence

of bribery is positively correlated with a faster accumulation in capital and labor,
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but it is negatively associated with the productivity growth. The results motivate

our benchmark model in section 3.

3 Baseline model

In this section we discuss our baseline model of firm dynamics with corruption and

financial frictions.

3.1 Goods and production technology

There is one final good, which is used for investment and consumption. A represen-
tative final good producer produces the final good by aggregating over a measure 1
of intermediate goods i € [0, 1] with a CES technology, such that,

p—1

1
v ([ w
0
which yields a standard inverse demand function
1

pi = Yﬁy;;. (2)

Each intermediate good i can be produced by one monopolistic entrepreneur

with a constant returns to scale production technology,
y; = 2ek*1' 7,

where 7 is the technology associated with the production of good i and ¢ is the
idiosyncratic productivity of the entrepreneur. In the benchmark model, we assume
that z is fixed and is available to any entrepreneur that operates in this market. The
idiosyncratic productivity € follows an exogenous stochastic process, and it is the
main driver of entry and exit in the benchmark model.

12



3.2 Entrepreneurs and workers

The economy is populated by a measure 1 of incumbent entrepreneurs (one for each
intermediate good market), a measure 1 of potential entrants, and a measure N of
workers. In each period, the incumbents and entrants are randomly matched with
each other to engage in a Bertrand competition (without corruption) or bribe the
government official to obtain an operating permit (with corruption), depending on
whether the market is corruptible. The winner becomes monopolies the market and
the loser joins the pool of potential entrants in the next period.

The entrepreneurs can save in the form of personal wealth a whereas the workers
are “hand-to-mouth.” The entrepreneurs maximize over an expected utility, such
that

U=Ei)_ fulc),

in which the expectation is taken over a stream of consumption and exogenous id-
iosyncratic productivity shock.

Timing At the beginning of each period, the incumbents carry over from the pre-
vious period the technology z and their wealth a“ while the entrants carry over only
their wealth a°. After their idiosyncratic productivity shocks e and e are realized,
they are randomly matched with each other to form a pair (z,a® e, a%, €). In the
case without corruption, they engage in a price competition of the Bertrand fashion,
while in the case with corruption, they engage in a bidding competition to obtain
the operating permit issued by a corruptible government official. Production oc-
curs and the entrepreneurs consume and save. The winner enters the next period as
the incumbent of the market and the loser joins the pool of potential entrants. The

timing of the entrepreneurs is summarized in Figure 5.

3.3 Financial frictions

The banking sector is perfectly competitive and earns zero profit. Similar to Buera,
Kaboski and Shin (2011), we model the borrowing and lending as a capital rental

market. Following Cavalcanti et al. (2019), banks incur a monitoring cost ¢(k, a)

13



Period t Period t+1

win produce,

consume and incumbent
save

incumbent

pairs of
incumbent competition
match & entrant
consume and
entrant entrant

lose save

Figure 5: Timing for the entrepreneurs

when they rent capital k to an entrepreneur with wealth a as collateral, such that

k
P(k,a) = ¢ok + ¢157

in which ¢, > 0 and ¢; > 0. The monitoring cost per unit of capital is therefore
@ = ¢o + gbl%. Since the banking sector makes zero profit, the effective interest
rate for an entrepreneur with wealth a is 7(a) = + ¢¢ + ¢1 é, which decreases with

a.

3.4 Competition

In each period a share s € [0, 1] of the markets is corruptible. Let = be the i.i.d. shock
indicating whether the market is corruptible, therefore the state variables of a pair
of incumbent and entrant is (z, a% € a® € ). In the markets without corruption,
the entrepreneurs engage in a Bertrand-style price competition (section 3.4.1), and
in the corruptible markets, they engage in a bidding competition of bribery to obtain

an operating permit issued by the government official (section 3.4.2).

3.4.1 Without corruption (Bertrand competition)

In the markets without corruption, the entrepreneur with the lowest unit cost wins
the Bertrand competition.
The optimal choices of capital and labor of the entrepreneurs require that 2% =

@, which implies that the unit cost of an entrepreneur with wealth q, idiosyn-

14



cratic productivity € and technology = is

Zi(f(a) —|—5)a( w

11—«
€ « 1—a) ’

The unit cost decrease with productivity ¢ and increases with financing cost 7(a).
The outcome of the Bertrand competition is

Loif s T
I(’Z’ ac’ 867 a’e7€e7 0) - f (6 )1/ (E )1/ Y (3)
0 ow.

where I(z, a° €% a% ¢ 0) € {0,1} is an indicator function of entrepreneur turnover

(successful entry) when the market is non-corrupt (z = 0).

Pricing The winner of competition monopolizes the whole market and is faced
with a competitive fringe, who can produce the same product with a unit cost that
is a fraction y (ﬁ > x > 1) of her unit cost. This fringe thus limits the price to

i<f(a) +5)a< w

ZEe Q l—«

p(z,a,s) =X )lia' (4)

Using the inverse demand function 2, total profit from production can be written as

X—l[l f(a)—l—é)a( w

l1—a 1—pY
XP Tzl « 1— a) | ’ ©)

where Y is the aggregate output of final good.”

The assumption of the competitive fringe is used to simplify the pricing decision
of the entrepreneurs in the monopolistic competition setting. In this way, the price
depends only on the unit cost of production and the parameter x and it does not
depend on the aggregate demand (see Acemoglu, Aghion and Zilibotti, 2006 and
Akcigit, Alp and Peters, 2016).8

"The profit function is convex-concave in a when a is very small.

8Similar to Acemoglu, Aghion and Zilibotti (2006), the parameter x also governs the monopolistic
rent of the entrepreneurs. Unlike Acemoglu, Aghion and Zilibotti (2006), we simply treat x as a fixed
parameter and do not interpret it as a measure that captures the competitiveness of the market and
entry barriers.
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3.4.2 With corruption

In a market with corruption, there exists a corruptible government official issuing an
operating permits. The government official lives for one period, which eliminates
the possibility of a long-term contract between entrepreneurs and the government
official.

The incumbent and the entrant engage in a bidding competition to bribe the
government official. We make two simplifying assumptions. First, bribery needs to
be paid out of pocket and only a share m € (0, 1) of the entrepreneurs” wealth can
be used for bribery, and second, m is small enough that entrepreneurs are better off
paying the bribe. As a result, the wealthier entrepreneur would win the bidding

competition and the winning bids reflect the losers” ability to bribe, such that

1 of a®>a°
I(z,a%¢e% a% e 1) = , (6)
0 ow.

and
m-a® if a®>a
b(z7 acﬂ 66’ a'e7€67 1) = Y (7)
m-a® o.w.
where I(z,a% ¢ a% e 1) € {0,1} is an indicator function of turnover (successful
entry) when the market is corruptible and b(z, a%, ¢, a°, ¢, 1) is the winning bribery

bid.

Discussion Our model of corruption merits some discussions here. According to
the definition of corruption in Jain (2008), corruption is an act in which the power of
public office is used for personal gains in a manner that contravenes with the rule of
the game. In our model, the personal gain is the bribe and corruption changes the
game of competition from Bertrand competition to a bidding competition to obtain
an operating permit.

According to the classification in Aidt (2003), the type of corruption in our model
talls into the category of “efficient corruption.” Corruption corrects existing market
or government failures, which, in our model is the financial friction. It is impor-
tant to note that corruption in our model does not result in the first-best allocation
because there is restriction in the type of contract entrepreneurs and corruptible
government officials can sign. In particular, the model setting fails to select the en-
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trepreneur who can generate the highest revenue.

In our model, by assumption, the government officials issue only one permit
for each market. However, it can be shown that, under the assumption that bribes
have to be paid out of pocket, government officials are better off issuing one permit
rather than multiple permits per market. This is because Bertrand competition is the
default rule of game, therefore even there are multiple permit holders in a market,
only the one with lowest unit cost would be active and is willing to pay for the
permit. Since the potential winner of the Bertrand competition is not always the
richest entrepreneur, i.e. does not necessarily have the highest capacity to bribe, the

government officials might be worse off if they issue multiple permits.

4 Recursive competitive equilibrium

In this section, we analyze the problems of the entrepreneurs and workers and de-
fine the recursive competitive equilibrium.
The problem of the workers is static. In each period, the workers consume their
labor income, such that
c’ =w. (8)

Let V¢(z,a% %) and V¢(a®, £°) be the pre-matching (beginning-of-the-period) value
functions of the incumbents and entrants. They are simply the expectation of the

after-matching value functions over all potential matches, such that
Ve(z,a%e®) = / We(z,a% e a® e x)dV(a®, °)dll(x) )
Veé(a®e®) = / We(z,a% e a e x)dP(z,a ) dll(x), (10)

where W¢(z,a% e a% e x) and W€(z,a% ¢ a e x) are the value functions of the
incumbents and the entrants after matching, [1(x) is CDF of the distribution of the
corruption status x of the market, and ®(z, a% ¢°) and ¥ (a®, c¢) are the CDFs of the
distribution of the incumbents and the entrants, respectively.
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The after-matching value function for the incumbents are

max o u(c) + BEqV(z,d &)

st.c+ad =m7(z,a%¢e%)+ (1 +71)a°
—b(z,a% e a% e x),a >0

We(z,a% e a% e x) = if Uz af, %, af, €%, 2) = 0 . (11)
maxq u(c) + fEu . Ve(d, )

st.c+d = (1+r)a‘ad >0

if I(z,a% e a% e x) =1
\

If entry is unsuccessful, i.e. I(z, a® €%, a%, ¢, z) = 0, the incumbent stays as an incum-
bent and the expected value function of the next period is E..cV¢(2,d’,¢’). Other-
wise the incumbent becomes an entrant in the next period and the expected value
function is E./..V¢(a’,¢’). When the market is corruptible (z = 1), the winner of
the bribery competition pays a bribe of size b(z, a%, ¢, a°, £° 1). By assumption, in a
non-corrupt market (z = 0), b(z, a%, €%, a,£°,0) = 0.

Similarly, the after-matching value function for the entrants can be written

(maxc,a/ u(c) + fE . Ve(z,d, ')
st.c+ad =m(z,a%¢e°) + (1+7)a’
—b(z,a% e a% e x),a >0
We(z,a% e a% e x) = if Uz et a5 0) = 1 : (12)
maxeq u(c) + BEq V(' e")
st.c+ad =(1+r)aad >0

Kif I(z,a%¢e% a% e x) =0

Now we are ready to define the recursive competitive equilibrium.

Definition 1 The recursive competitive equilibrium consists of interest rate r, wage rate
w; aggregate output Y; before-matching value functions V°(a®, 2¢,¢%), V°(a%, c®); after-
matching value functions W¢(z,a% e a®, £ x), We(z,a° €% a®, €%, x); policy functions of
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optimal pricing p(z, a, ), profit function ©(z, a, <), indicator of entry 1(z,a®, %, a% %, x),
bribery bid b(z, a®, €, a®, €, x), consumption c°(z, a®, ¢, a®, ¢, ), (2, a% € a®, e, x), c*,
capital and labor inputs k°(z,a% e a% % x), k°(z,a° % a% €% x), 1°(z,a% e a® e, x),
1°(%,a% €%, a%, e, x), and saving a(z,a% €, a%, €, x), a® (2, a¢, %, a®, €%, ); stationary dis-

tribution of the entrepreneurs ®(z, a®, e°) and V(a®, £°), such that,

1. Given the prices, the policy function solves the workers” problem 8.

2. Given the prices and the aggregate output, the value functions and policy
functions solve the entrepreneurs’ problems 9, 10, 11, and 12.

3. Capital market clears

/[I(z,ac,ec,ae,ee,w) ke(z,a% e a% e x)dP(z,a, e%)dV(a®, ) dlI(x)
+/(1 —1I(z,a% €% a% e x))k(2,a% &% a® e, x)dP(z, a, %) d¥ (a®, ) dll(x)

= [ (@ + a)an(e, o, (et ) )

4. Labor market clears
/[I(z,ac,sc,ae,ee,x) 1°(z,a% €% a%, % x)dP(z, a% e°)dV (a®, €°)dll(z)

+/(1 —I(z,a% €% a%, &% x))l°(z,a% e a, g%, x)dD(z, a® €°)dV (a®, °)dlI(z) = N.

5. The distributions are stationary

/ /

¢(Z’ a'c ’66 ) =
I(z,a% e a e”, x)Hae’(ac,zc,gc,ae,ee):ac’ ﬂec’leedcb(z, a®, e%)dV (a®, e®)dll(x) +

[1 - I(Zv a’ g% a’, e, x)]]lac/(ac,zc7ec7a5,ae):acl TMee!

d®(z,a% %) d¥(a, e®)dll(z),

|e€

I(z,a% e a% e x)l, (a6 2 2 a® £)=a” weellscdq)(z, a®,e9)dV¥(a®, e€)dll(x) +

[1—1(z,a% €% a®, €% )|, e oo o ge coymae Moot | AP (2, 0%, €9) AW (af, £°)dTT ().
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To compute the stationary equilibrium of the model, we guess prices and the
distributions of the entrepreneurs, and update them until the markets are clear and
the distributions are consistent with the true ones.

5 Quantitative analysis

In this section, we perform a quantitative excise to show the effects of corruption on
tirm dynamics and the aggregate economy.

One period in the model corresponds to one year in the data. The discounting
factor 3 is set to 0.9 match the 4% risk-free rate.The utility function is in a CRRA
form and the relative risk aversion is ¢ = 2. The capital share in the produc-
tion function is & = 1/3. The elasticity of substitution is p = 4 (Basu and Fer-
nald, 1997) but the pricing is limited by x = 5/4. The capital depreciation rate is
0 = 0.06. We set N = 18 because the share of entrepreneurs in the data is around
10% and there is a measure of 2 entrepreneurs in the model. We assume that the
idiosyncratic productivity process ¢ and ¢ follows an AR(1) process, such that
loge; = pfloge;—1+eq, €, ~ N(0,0°%). Following Gourio (2008), we set the persistence
in the productivity process p° = 0.75, which is the lower bound of the estimates of
persistence for the U.S. Compustat firms and 0° = 0.403. We set ¢; = 0.015 ac-
cording to the estimates of Brazilian firms in Cavalcanti et al. (2019) and ¢y = 0.036
because the interest rate spread is 0.076 in the Chinese Annual Industrial Survey and
the risk-free interest rate is 0.04 (see Figure A2 in the Appendix). We set m = 0.01
and under this parametrization, the assumption that entrepreneurs are better off

paying the bribe is satisfied. The parameters are summarized in Table 1.

5.1 The effects of corruption

We consider an economy without corruption (s = 0) and one in which all markets
are corruptible (s = 1). In the economy without corruption, the entrepreneurs com-
pete on both wealth a and idiosyncratic productivity ¢, while in the economy with
corruption, the entrepreneurs compete on wealth a only. As a result, the economy

without corruption has a high firm turnover and therefore higher productivity due
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Table 1: Parameters

Parameter Value Target/Source

B discounting factor 0.9 4% risk-free interest rate
o relative risk aversion 2 —

m share of wealth for bribery 0.01 —

a capital share in the production function 1/3 capital share of 1/3

P elasticity of substitution between intermediate inputs 4 Basu and Fernald (1997)
p° persistence of idiosyncratic shock 0.75 Gourio (2008)

o° variance of idiosyncratic shock 0.403 Gourio (2008)

N measure of workers 18 10% share of entrepreneur
0 capital depreciation rate 0.06 annual 6% depreciation rate
%o parameter of the monitoring cost 0.036 China Annual Industrial Survey
o}t parameter of the monitoring cost 0.015 Cavalcanti et. al. (2019)

Table 2: Trade offs between Bertrand competition and bribery

Bertrand competition Bribery
compete on a and ¢ compete on a only
more entry and exit less entry and exit
high productivity due to firm entry lower productivity
slower accumulation of wealth faster accumulation of wealth
no loss from bribery loss from bribery

to the entry of highly productive entrepreneurs, but has a slower accumulation of
wealth. Table 2 highlights the key differences between the two economies and the
trade-off of corruption, which is lower productivity versus faster accumulation of
entrepreneur wealth. In the presence of financial frictions, the effects of the later

tends to dominate because it helps entrepreneurs grow out of financial frictions.

Table 3: Steady state comparison of two economies
w/o corruption w/ corruption

firm turnover (exit rate) 17% 4%

output 1 1.038
capital stock 1 1.054
aggregate productivity 1 0.985
share of incumbent wealth in total wealth 75% 93%

Table 3 summarizes the comparison between the outcome without corruption
(s = 0) and with corruption (s = 1). The existence of corruption reduces the firm
turnover rate from 17 percent to 4 percent, leading to an aggregate productivity
loss of 1.5 percent. However, because the capital stock is 5.4 percent higher, the

economy with corruption experiences an output gain of 3.8 percent. In addition, the
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incumbents’” share of total wealth is 75% in the economy without corruption which
in the model with corruption it is 93%, which means corruption generates higher
inequality between incumbents and entrants.

5.2 Determinants of the effects of corruption

The result in Table 3 is obtained under a high degree of financial friction (calibrated
to match Brazilian and Chinese firms) and a low persistence in the idiosyncratic
productivity process. In this section, we study how the effects of corruption depends

on financial friction and the persistence of the shock.

Table 4: Differences between the two economies (percent)

Benchmark Higher persistence Lower fina. fric.
p°=0.89 p°=0.95 ¢o = 0.03

Output 3.75 1.34 -3.83 3.00
Capital stock 5.36 2.96 -3.90 5.66
Productivity -1.52 -1.58 0.01 -2.52

Table 4 shows that, in the benchmark model where p° = 0.75, the existence of
corruption leads to a 3.75 percent gain in total output. The output gain decreases
to 1.34 percent when the persistence of the idiosyncratic productivity ¢ increases
to p° = 0.89. When the persistence increases to p° = 0.95, corruption results in
an output loss of 3.83 percent. This shows that the positive effects of corruption is
more likely to dominate when the idiosyncratic productivity is less persistent. Our
result also shows that the output gain from corruption is lower (3 percent) when the
financial friction becomes less severe (¢, = 0.03).

In Figure 6, we plot the aggregate output with different shares of corruptible
markets s. As shown in Panel A with a relatively low persistence p° = 0.75, the
aggregate output increases with the share of corruptible markets. On the other hand,
as shown in Panel B with higher persistence p* = 0.95, the aggregate outcome in fact
decreases with the share of corruptible markets.

22



Panel A: p* = 0.75 Panel B: p* = 0.95
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Figure 6: Aggregate output and the share of corruptible markets
6 Model with innovation

In the baseline model, the productivity is exogenous. We interpret the setting as
a costless adoption of the world frontier technology. However, it is reasonable to
assume that there is a lag in the adoption process. In other words, the economy
will not be able to catch up to the frontier only through technological adoption.
Therefore, to reach the world technological frontier, the economy would eventually
needs to switch from adoption to costly innovation. To simplify the analysis we shut
down the volatility in the idiosyncratic productivity shock by assuming ¢ = 1.

We first describe the timing with endogenous innovation (section 6.1). We then
discuss the output gain from innovation (section 6.2), the cost of innovation and
some simplifying assumptions (section 6.3). Lastly, we analyze entrepreneurs’ deci-
sion of innovation (section 6.4).

6.1 Timing with innovation

The timing is similar to Figure 5 with one additional step. After matching, the in-
cumbent (a°, z) and the potential entrant a°) decide separately whether they want
to innovate and the size of the innovation. After the realization of the innovation
outcome, the entrants and incumbents compete with each other in a Bertrand-style
price competition (without corruption) or bribe the government official to obtain the
operating permit (with corruption).
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6.2 Output gain from innovation

Following the discussions in section 3.4.1, the unit profit of production, which is

price minus the unit cost, can be written as (y — 1)%(M)Q(L)l_°‘. We can use

a l—«a

the inverse demand function to write the the total profit from production as

X—l[i(f(aﬂ—é)a( w

)1—a]l—pY
X ‘zie o 1—a ’

Let z; be the productivity after adoption/innovation. The total profit gain from

innovation is

x—1.117(a)+0d.,, w 1—atl—p 1
Z Y -
R ) Y (G )
NS ~~ o
A Azi
where A, = z,l%p - Zl%p measures the productivity gain and AA, is the total profit
gain.

6.3 Cost from innovation

Suppose there exists a world technological frontier z; ; that evolves at a constant rate
Vi Zigp1 = YZiye. To simplify our analysis, we assume for now that v = 1, such that
the world technological frontier is constant for all industries. The domestic tech-
nological frontier is z;;, which is the productivity of the incumbent entrepreneur of
market <. We can then normalize the domestic productivity by the world technolog-
ical frontier, such that,

- Zit

Zit = =

Zit
The normalization is useful to define the cost functions below.
We assume the cost of innovation ¢(Z;, A,,) is of the following form,

C(EZ’, Azl) = V(%)Ai\l

where A > 1, i.e, the cost function is convex in the size of productivity gain A, .

Furthermore, the cost depends on the distance to frontier: this captures the idea that
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the cost of adoption is higher when i is closer to the world technological frontier. We
therefore assume that v(Z;) > 0 and that it strictly increases with Z;.
If entrepreneurs decide innovate, then they need to choose the size of innovation

A, (and simultaneously the cost of innovation). The optimization problem reads,
max pAA,, — v(%)A2,

where p € (0, 1] is the probability of successful innovation. The first order conditions
with respect to A, can be written as,

pA E=

pA=M(Z)AY, AL =
Notice that since v(Z;) increases with Z;, the optimal size A, decreases with Z;. One
interesting thing to note is that the optimal size of productivity progress A, in-
creases with A. We recall that A = X)(—f[%(@)“(%)ka]l*ﬂ/, which is higher
when the cost of financing is lower. Intuitively, this says that the potential gain from
productivity progress is larger when the financing cost is lower. Therefore, a lower
financing cost will not only increase the profit, but also leads to a faster pace of
innovation.
To ensure the tractability of the problem, we make the following assumptions

about the cost function:
Assumption 1 The function v(-) is positive and strictly increasing.

This assumptions says that the cost of innovation increases when the economy

approaches the world technological frontier.
Assumption 2 v(0) < oo and limz—; v(Z) = .

This assumption says that when the economy is far away from the frontier, the
cost is not infinite. It also ensures that the optimal size of productivity progress A,
never surpasses the world technological frontier.

Assumption 3 There exists z* € (0, 1), such that z* is the limit of technological adoption.

This assumption says that adoption is not possible beyond the point of z*. The
idea of this assumption is that the adoption is easier when the economy is far away
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from the frontier, but the economy can not reach the frontier with technological
adoption only. As a result, economic development has two stages: the adoption
stage [0, 2*] and the innovation stage [2*, 1].

We also assume, similar to Acemoglu, Aghion and Zilibotti (2006), that at the
end of each period, the productivity progress from innovation diffuses to the entire
economy, even across markets. This means that the technologies of all markets are

the same and they are equal to the average technology in the economy.

6.4 Innovation decisions

Innovation without corruption Unlike adoption, innovation is risky. It is likely
that some lucky entrants successfully innovates and surpass the productivity of the
incumbent. If the productivity gain from successful innovation, A, is large enough
to compensate the high interest rate associated with lower wealth, the successful
innovator enters the market and push out the incumbent. The speed of convergence
to the world technological frontier depends not only on the success probability p,
but also on the degree of financial frictions in the economy.

Innovation with corruption Assume that for each market i, there is a corruptible
government official handing out an operating permit. To simplify the analysis, we
assume that the bribery has to be paid out of pocket.

In order to discuss the innovation stage, we go backwards and first consider the
bribery decision conditional on the innovation outcome and then we consider the
innovation strategy. The entrants will choose to innovate only if they are able to win
the bidding competition. If the wealth inequality between the incumbent and the
potential entrants are large enough, in equilibrium, only the incumbent innovates,
because the potential entrants know that they will not have enough wealth to bribe
the government official. Therefore, even if they successfully innovate, they will not
earn any profit from the innovation. As a result, only the incumbents innovate and
the aggregate innovation activities in the economy is too low. The economy will still
converge to the technological frontier, but at a much slower rate compared with the
economy without corruption.

Another aspect to note is that if we allow entrepreneurs to borrow against their
future income, this could mitigate the negative effect of corruption in the innovation
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stage. The effectiveness of the mitigation depends on the wealth inequality between
the incumbent and the entrants; and it also depends on the size of the innovation
steps and how long the innovator can keep the productivity advantage.

Consider the case where 1) the incumbent is much wealthier than the potential
entrants, 2) the productivity gain from innovation is relatively small, and 3) the pro-
ductivity gain from innovation diffuses to the entire economy within one period.
Then, the expected future income from a successful innovation will not be able to
cover the wealth difference between the incumbent and the potential entrants. As
a result, even if the future income can be pledged as a part of the bribery bid, the
successful innovator still cannot enter the market. In other words, financial devel-
opment could help mitigate the negative effects of corruption at this stage. But its
effect depends on 1) wealth inequality and 2) intellectual property protection.

Dynamics effect of corruption on innovation Inthe model, corruption at the early
stage of development could have a long-lasting impact on innovation activities later
on though its impact on the wealth distribution of entrepreneurs. Corruption activ-
ities at the adoption stage would reduce churning of the entrepreneurs. But because
corruption protects the incumbent, When the economy approaches the frontier, the
difference in wealth of the incumbent and the entrants will be higher in the economy

with a lot of corruption.

6.5 Anti-corruption policy and testable implications

We can model anti-corruption policy is a technology of the planner to detect corrup-
tion. If the corruption activity in market ¢ is detected by the planner, a fraction 7 of
the entrepreneur’s wealth is seized by the planner and redistributed to all agents in
the economy in a lump-sum fashion. After the detection, the corrupted entrepreneur
is excluded from the market for this period and there are no corruption activities in
market ¢ for this period. The entrepreneurs are faced with a decision whether or not
to bribe. The expected profitis (1—q)7(z, a, €)+q(0—7a), where ¢ is the probability of
getting caught, 7(z, a, €) is the production profit (0 in case of detection) and 7a is the
punishment when detected. If the expected profit is too low, then the entrepreneurs
will not engage in bribery activities.

According to our previous analysis, the effect of the anti-corruption campaign
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depends on the degree of financial frictions and the relative importance of selection
for productivity. Our theory also predicts that if a corrupted firm is detected by
the anti-corruption campaign, firms that produce complementary goods will suf-
fer and firms that produce substitutes will benefit from it only if they have the fi-
nancial capacity to expand. One could test these predictions with data on which
firms are corrupt. The non-corrupt firms in the same sector could be treated as
substitute-goods producers, and the firms in the upstream/downstream sectors as
complement-goods producers.

The optimal anti-corruption policy shares some similarities with the develop-
ment policies described in Acemoglu, Aghion and Zilibotti (2006). When the econ-
omy is closer to the frontier, the planner should increase ¢ to remove inefficient
incumbents from the market and allow the potential entrants to enter if they suc-
cessfully innovate. However, it is interesting to note that the optimal ¢ might not be
1 even at the frontier, because financial frictions give an advantage in production to

the wealthy incumbent.

7 Empirical evidence

In this section we provide empirical evidence of the model’s predictions. In sec-
tion 7.1, we describe the data set. In section 7.2, we describe the variables used in
the empirical exercise and in section 7.3 we provide the summary statistics of the
data. From section 7.4 to 7.7, we provide further evidence based of the theory of our

model.

7.1 Overview of the data set

The empirical evidences are based on three data sets. The first one is the Annual
Survey of Chinese Industrial Firms for the period of 1998 to 2007. It contains the uni-
verse of Chinese industrial firms with an annual revenue above 5 million CNY. We
obtain firms’ balance sheet information and other characteristics from this data set.
The second one is the Chinese patent data, which is matched with the Annual Sur-

vey of Chinese Industrial Firms and allows us to measure the innovation activities
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at the firm level. The third data set is a province-level index of corruption intensity
constructed by ourselves using the published courts judgements. More specifically,
we count the number of corruption cases that were prosecuted in the judicial system
in each province during the period 2014-2018 and normalize the number of corrup-
tion cases by the population or the GDP level of each province to construct an index
of corruption at the province level.

7.2 Variables

Our baseline regression uses a balanced panel of firms over the period of ten years.
We dropped observations with missing variables. We drop all firms with negative
assets and firms with a positive debt-level but with 0 interest payment. We then
winsorize all variables at the top and bottom 1 percentile. We drop all firms that are
100 percent owned by foreigners, including Hong Kong and Taiwan sole ownership
firms.

Growth volatility Since the industrial survey is left-truncated, it is not the ideal
data set to study the entry and exit of firms. We therefore focus on the growth
volatility of a balanced sample of firms. To do this, we follow Kalemli-Ozcan,
Sorensen and Volosovych (2014) and compute, using a balanced-panel of the firms
during the period 1998-2007, the standard deviation (SD) and the coefficient of vari-
ation (CV) of annual growth rate of firm sales, number of workers employed, total

assets and labor productivity, such that,

S heolze—2|?
Tz 9
CcVv?® = — ,

T

where z; is the annual growth rate of variable = € {sales, total assets, workers,labor productivity}
from year ¢ — 1 to ¢t. One thing to note is that the standard deviation SD is not scale-
free: it doubles when the annual growth rate x; doubles. There are different ways
to control for the scale effects. The first one is to use SD” on the dependent variable

and control for the average growth rate z. The second way is to construct the vari-
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able C'V?, which is essentially SD* divided by the average growth rate, in order to
account for the scale effect.

Firm-level financial frictions We construct three variables to measure firm-level
financial frictions. The first one is the average interest rate, which is the total interest
payment divided by total debt. The second one is the leverage ratio, which is the
total debt divided by net worth. The third one is the share of long-term debt in
total debt, since it is shown in the literature that the short-maturity of debt is a key

measure of financial frictions in developing countries.

Corruption index at the province level We follow Li (2017) to construct a mea-
sure of corruption at the province-level using the published courts judgements from
the website China Judgements Online. Published judgements on this websites are
categorized by the summary of the case. We consider “graft and bribery” cases
under the criminal lawsuits as corruption cases and treat these two different types
of cases separately. Graft means an intentional misuse of public funds (stealing)
and bribery means making payment to officials to influence their decisions. For the
bribery cases, since there are two sides of the bribery (the briber and the official), we
include cases from the side of the government officials to avoid double-counting. In
the analysis below, we normalize the number of corruption cases by the population

size in each province.’

Sector-level measurement of dependence on external financing Later on in our
analysis, we also construct, following Rajan and Zingales (1998), a sector-specific
indicator of dependence on external financing. We compute a firm-level measure of

dependence on external financing as

mwvestment — internal funds

)

internal funds

where internal funds is calculated as the operating revenue net of changes in net
current assets and inventory. We then take the median value of all firms in each

sector as the sector-level indicator.

The results are similar when we normalize the indexes by GDP instead of population.
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Innovation By merging the industrial survey with the Chinese invention patent
data, we can construct, at the firm level, a dummy variable indicating whether this
firm has been granted, or applied for, a patent from the Chinese patent office.'” We
use this dummy variable to measure whether a firm is an innovator. Alternatively,
we also use the number of patents applied/granted normalized by the number of
workers in the firm to measure the level of innovation at the firm-level.

Other controls In the regressions, we control for the sector-level fixed effects and
firm types (whether they are state-owned, collectively-owned, or private).!! We also
control for the provincial GDP per capita of the initial year (1998). The idea of con-
trolling for the initial income level is to control for the difference in the speed of
convergence across different provinces. If the distance to the frontier affects the
growth volatility of the province, the initial income level of the province should be
able to control for that.

7.3 Descriptive statistics

Following common practices in the literature, we winsorize the variables of inter-
ests by top and bottom 1 percent of the distribution to remove outliers. We drop
provinces with less than 100 firms. In the end, this leaves us with 31 provinces and
30 2-digit sectors. In Table 6, we present the summary statistics of the firm-level
variables in the balanced panel from 1998 to 2007. In Table 7, we present the sum-
mary statistics of the mean, standard deviation, and coefficient of variance of the
variables of interests.

Figure A1l plots the number of corruption cases, which shows that the number
of bribery and graft cases has been increasing since the beginning of the 2000s. But
it appears that the increase might have be the result of an overall increasing number
of published judgements online and there is no clear trend in the share of bribery
and graft cases in total judgements.

In Figure 4, we plot the corruption intensity index (number of cases normalized

0There are three types of patents: invention, utility, and design. We only consider the invention
patents because they are the most consistent type of patents internationally.

UFollowing Hsieh and Song (2015), we adjust for the share of the state-owned enterprise by the
state’s share in capital of the firm.
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by population) of all provinces in mainland China. In Panel A we plot the number
of bribery cases and in Panel B the number of graft cases. Similar to the findings in
Li(2017), we observe that the southern provinces are more prone to bribery, whereas
the central provinces suffer more from graft. Since in our model, we consider only
bribery as the form of corruption, in our empirical exercise, we focus on studying
the effects of bribery cases, controlling for the number of graft cases.

In Table 8, we list the measure of dependence on external financing (DEF) at the
2-digit sector level. A higher number indicates a heavier reliance on external financ-
ing, which is equivalent to higher financial frictions. As shown in this table, the
industry that is most reliant on external financing is electric machinery and equip-
ment manufacturing (industry 39), while the industry that is least reliant on external

financing is paper products (industry 22).

7.4 Corruption and growth volatility

Our data set is a cross-section of firms in the balanced panel. For each firm, we
compute the 10-year standard deviation of the variables. Our dependent variable of
the baseline specification is the firm-level growth volatility measured by the stan-
dard deviation of annual growth rate. We include several firm-level controls and
province-level controls. We also control for the mean growth rate of these three
variables to account for mechanical scale effects from growth on standard devia-
tion.

More specifically, our regression equation reads,
VolGr; = a+vs + X; + ') + MeanGr; + BCorruption, + €, (13)

where VolGr; is a measure of standard deviation in the annual growth rate in sales,
employment, total assets and labor productivity during the period 1998-2007. The
specification is analogous to the one in section 2. Comparing this to specification 1,
this specification has one additional control MeanGr; to account for the mechanical
scale effect of the growth rate on the standard deviation of the variables. The coeffi-
cient of interest is 3. Based on our theory, we expect 3 to be negative, meaning that
more corrupted provinces should see less growth volatility.

In Table 9, we present the regression results for growth volatility. One unit in-
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crease in the number of bribery cases is associated with reductions in the standard
deviation of sales growth by 0.218 (column 1), the standard deviation of employ-
ment growth by 0.205 (column 2), and the standard deviation of total asset growth
by 0.248 (column 3). The results are robust to controlling for the number of graft
case per million people (columns 4 to 6). A higher level of graft cases is associated
with a higher growth volatility, although the effects are not statistically significant.
Furthermore, the results are essentially unchanged when we control for firm-level
financial conditions in column 7 to 9.

7.5 Corruption and financial frictions

Our theory also predicts that the role of corruption is more prominent when finan-
cial frictions are stronger. To test this prediction, we explore the sector-level varia-
tion in the dependence on external financing (DEF), to test whether the correlations
between bribery and firm outcomes are stronger for firms in sectors with a higher
dependence on external financing. We test the prediction for both the mean growth
and growth volatility at the firm level. The specification are based on equations 1
and 13, while also controlling for an interaction term between an indicator of de-
pendence on external financing at the sector-level.

In Table 10, we report the results for the relationship between corruption, finan-
cial constraints, and firm growth. As shown in columns 1 to 3, the interaction be-
tween bribery and a dummy variable indicating whether the sector has a DEF level
higher than the median of all sector is positive for all three firm-level outcomes and
it is significant for sales (column 1) and size of employment (column 2). This result
suggests that firms in sectors that are more reliant on external financing have higher
growth rates in provinces with a higher bribery level. The estimate on the corrup-
tion level itself is still significantly positive for the case of employment and assets
(column 2 and 3), and it becomes negative but insignificant if the outcome variable
is sales (column 1). In column 4 to 6, we run a similar regression but also control for
the level of graft, and the coefficients of interest are essentially unchanged. In ad-
dition, in column 7 to 9, we control for an interaction term between the sector-level
DEF and province-level number of graft case per million people. The results are
still robust with these additional control. Interestingly, the interaction term between
graft and DEF is negative for all three cases, and it is significant when the dependent
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variable is employment.

Table 11 reports the results on firms” growth volatility. Consistent with our the-
ory, column 1 to 3 show that the interaction term between bribery and DEF is neg-
ative for all three outcome variables and is significant in the case of sales and em-
ployment. The results are robust when we control for the level of graft (column 4 to
6) and an interaction between graft and DEF (column 7 to 9).

7.6 Corruption and distance to frontier

Our theory predicts that the potential positive growth effects of corruption is the
strongest when the economy is far away from the world technological frontier. In
this section, we test this theory by exploring the cross-industry differences in pro-
ductivity. For each industry, we assign the labor productivity of the 90th percentile
of the firm as the industry-level measure. We test how the effect of corruption
changes with the initial labor productivity level. More formally, we consider the
specification 1 and control for an interaction term between the initial labor produc-
tivity and the corruption index at the province level.

The results are presented in Table 12. As shown in the table, after controlling
for the interaction term, a higher incidence of bribery cases continues to be associ-
ated with a significantly higher growth rate in sales, employment and total assets
(column 1-3). These results remain even after controlling for the incidence of graft
cases (column 4-6) and firm-level financial conditions (column 7-9). At the same
time, the interaction term between initial labor productivity of the industry and the
incidence of bribery is consistently negative and significant. This means that the
positive growth effect of corruption is less significant when the initial technology

level-measured by the initial labor productivity—is higher.

7.7 Corruption and innovation

Similar to our previous specifications, we can test the role of corruption in deter-
mining firm-level innovation activities. To this end, we run a regression analogous
to specification 13, in which the dependent variable is the number of total patents

granted to the firms, or a dummy variable indicating whether the firms are granted
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a patent. We control for initial conditions at the firm- or province-level, such as
initial firm size or the initial GDP per capita, and the growth rate of the GDP per
capita at the province-level. Interestingly, the results in Table 13 show that higher
incidence of bribery cases is associated with a significantly higher probability that
the firm is granted a patent during the period 1998-2007. The estimated coefficient is
0.0016 (column 1) and the results are robust when we control for the number of graft
cases (column 2) and firm’s financing conditions (column 3). In column 4-6, we run
the same regression but control for whether the firm was granted a patent during
the first two years (1998-1999), and the dependent variable is a dummy variable of
whether the firm is granted a patent during the subsequent years (2000-2007). The
results show that the correlation between the bribery incidences and the probability
of a patent granted remains significantly positive.'?

The results presented in Table 13 seem to be at odds with our early result that
higher incidence of bribery is associated with a slower growth in labor productivity
(column 4 and 8 in Table 5). One possible explanation of the two different results
could be that the decision of innovation activities are constrained by firms’ financ-
ing conditions, such as cash flow and their access to external financing. In Table 14,
we investigate which firm-level initial characteristics can explain the application or
granting of patents. As shown in column 1 and 3, the initial operating profit and as-
set size are positively correlated with the probability of a grant application or being
granted a patent. The correlations are significant at 1% level. However, the esti-
mated coefficient of the initial labor productivity is insignificant and negative. This
result says that the initial financial condition, rather than productivity, can explain
the subsequent innovation behavior. We show in Table 5 that correlation is signif-
icantly and positively correlated with firms’ total assets. It is thus reasonable to
expect that these firms would engage in more innovative activities, since they have
access to more financial resources. Furthermore, it is interesting to note that accord-
ing to theory, the most productive firms choose to innovate, whereas less productive
tirms imitate from the frontier. Our result suggests that, in the presence of financial
frictions, access to financing, rather than productivity, determines the choice of in-
novation. Corruption can distort the innovation decisions in the dynamic setting by

giving less productive firms an advantage in financing and innovating.

12The results are similar when using patents applied instead of granted in the regressions.
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8 Conclusion

We propose a novel firm dynamics model to study the role of corruption for growth.
Incumbent firms and potential entrants can make bids to bribe government officials
and obtain a permit to operate. Bribes are paid out of pocket and wealthier incum-
bents are likely to outbid entrants, creating an entry barrier. Firms are subject to
tinancial constraints, which they can outgrow more rapidly if they are more prof-
itable. This implies that corruption can potentially increase growth: it acts as an
entry barrier that protects incumbents, reduces firm churning, and allow incum-
bents to accumulate wealth more rapidly to outgrow the financial constraint. How-
ever, the entry barrier keeps out entrants with potentially higher productivity. This
cost is more likely to outweigh the benefit of corruption (alleviating the financial
constraint) when the economy is more developed, because firms have outgrown
the financial constraint. Furthermore, as the economy approaches the technology
frontier, innovation becomes a more important source of growth than capital accu-
mulation. While corruption can be beneficial at early stages of development, it also
skews the wealth distribution and the wealthier incumbents are more likely to be
able to protect themselves against entrants even at later stages of development.

We use Chinese firm-level data and variation in corruption across provinces in
order to show that higher corruption is associated with higher growth in employ-
ment and capital, but lower productivity growth. This relationship is stronger for

industries that are more financially constrained, which is in line with our theory.
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Appendix

A Additional figures and tables

Number of corruption cases
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year

Figure Al: Number of corruption cases
Source: China Judgements Online (2014-2018)



interest rate (total interests/fixed assets)

° o
2 ®

® Og 00 °

oeoo o o ® o0 o °
o
o Hinttons S 8o & o
0 500000 1000000 1500000

net worth

Figure A2: Interest rate and net worth

Source: Chinese annual industrial survey (1998-2005)
Regression: r; ; = (5p(0.076™**) + 51% + v + €t
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