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Regional Growth by Entrepreneurship Capital in Japan:
Production Function Estimation using the Levinsohn and
Petrin Method
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Abstract

This paper aims to investigate how entrepreneurial activity affects Japanese
region economic growth, using pooled regional data at the city level for 2 years,
namely 2012 and 2016. On the basis of related previous studies, we introduced
entrepreneurship capital as an additional factor to the Romer model
production function. Prior studies were unable to eliminate endogeneity;
therefore, we attempted the Levinsohn and Petrin method. The estimation
results demonstrate that entrepreneurship capital is a significant and
important factor shaping output and economic growth. Even Japan is said to
have one of the world’s lowest entrepreneurial activities. However, the
contribution of entrepreneurship capital was lower than that of knowledge
capital. These results are different from those of previous West-German
studies. This study 1is the first to 1investigate the contribution of
entrepreneurship capital in Japan, and to use the Levinsohn and Petrin
method to estimate the production function which includes entrepreneurship

capital.
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1. Introduction

Since the neoclassical production function appeared from the Solow model
(1956), it became the most important idea in economic growth models. Later,
Romer (1986) critiqued and claimed that knowledge was an additional
important factor of production function. This idea is widely accepted by many
economists. Meanwhile, David B. Audretsch (2003) stated that
entrepreneurship capital shall be an omitted key factor in neoclassical
production function. Entrepreneurship capital is the ability of economic
agents to create new businesses. As Gartner and Carter (2003) stated,
“entrepreneurial behaviour involves the activities of individuals who are
associated with creating new organisations rather than the activities of
individuals who are involved with maintaining or changing the operations of
on-going established organisations.” For instance, Silicon Valley's excellent
performance and high productivity are due to its high entrepreneurial spirit,
which can be regarded as a rich reserve of entrepreneurship capital.

In Japan, entrepreneurship capital has not been evaluated and that has
never tried to estimate. There are several possible reasons for answering this
problem. However, we consider that the primary reason is Japan’s low
entrepreneur activity. It has been pointed out in various fields that new
business openings in Japan have been sluggish since the 1990s. According to
the GEM (Global Entrepreneurship Monitor), which investigates
entrepreneurial activities, 2017’s total early-stage entrepreneurial activity
(TEA) Rate? in Japan would be 4.7%. Compared to 13.6% in the U.S., 9.9% in
China, this rate is exceedingly low. Japan is classified in the lowest TEA rate
countries in the world. Thus, only a few people were held to the
entrepreneurship capital. Even so, there are no reasons to downplay the
research of entrepreneurship capital. Rather, it is important because of its low
entrepreneurial activity. This problem is also directly connected to the lack of
Japanese Unicorn companies. A unicorn company is an unlisted venture
company that has achieved a corporate value of $ 1 billion within 10 years of
its founding. This implies a fast-growing company. According to CB-insights,
which enlists the number of world unicorns, there are over 500 unicorns
existing in the world in 2020. However, there are only four unicorn companies

in Japan. Considering the scale of Japan's economy, this number is very small.

2 Percentage of population aged 18—64 years who are either nascent entrepreneurs or
owner—managers of a new business.
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The US has over 250 unicorns, and China has 120 unicorns. From these
unicorn companies, there is also a possibility that giant companies, such as
the next generation of GAFA, are born. The small number of Japanese unicorn
companies suggests that there are few companies in Japan that would lead to
the next economic generation. We should take this dire situation seriously; the
problem should not be abandoned in a perfunctory status.

Entrepreneurs provide new goods and services and create employment,
promoting corporate metabolism, intensifying competition, and revitalising
the economy. The effect of such entrepreneurs is extremely important for both
the Japanese economy and the regional economy. Japan's economic growth has
been stagnant since the end of the 20th century, but investigating
entrepreneurship capital and conducting and encouraging policy discussions
shall be a frontier for low-flying Japanese economic growth.

The aim of this paper is, therefore, to estimate entrepreneurship capital
using city-level data from Japan. On the basis of some former studies in the
field, especially Audretsch (2003), we estimate the Solow model production
function, and the Romer model production function plus the entrepreneurship
capital, using the Levinsohn and Petrin method.

The remainder of this paper is organised as follows. Section 2 reviews
the related literature. Section 3 describes the data. Section 4 provides and

discusses the estimation results.

2. Literature Review

Before explaining the definition of entrepreneurship capital, we must clarify
the term entrepreneurial activity. According to Audretsch (2003), there is
little consensus about what constitutes entrepreneurial activity. Hebert and
Link (1989) state, “The entrepreneur is someone who specializes in taking
responsibility for and making judgmental decisions that affect the location,
form, and the use of goods, resources, or institutions.” Thus, an entrepreneur
comprehends the entire supply of financial capital, innovation, allocation of
resources among alternative uses, and decision-making.

The entrepreneurial activity is decided by many factors and reasons. The
empirical research 1in various countries and regions estimated the
determinants of entrepreneurial activity. Ikeuchi and Okamuro (2011) and
Okamuro and Kobayashi (2006) summarised and revealed that

entrepreneurial activity is affected by the following factors:



HAF £ R B 2 3 AHFSERT 2025 A Al 5
<Fm3L>

Demand factors: population size and income level, and the increase rate
(Audretsch and Fritsch, 1994a; Guesnier, 1994; Reynolds et al., 1995;
Armington and Acs, 2002; Acs and Armington, 2004);

Cost factors: such as labour costs, wage levels and office costs (Ashcroft et al.,
1991; Gerlach and Wagner, 1994; Santarelli and Piergiovanni, 1995;
Audretsch and Vivarelli, 1996);

Human capital factors: such as a higher percentage of skilled workers
(Audretsch and Fritsch, 1994a; Audretsch and Fritsch, 1994b); higher
percentage of college graduates (Guesnier, 1994; Armington and Acs, 2002;
Acs and Armington, 2004); and a higher percentage of professionals and
managers (Guesnier, 1994; Hart and Gudgin, 1994; Keeble and Walker, 1994).
Financing factors: difficulty of financing (Moyes and Westhead, 1990; Ashcroft
et al. 1991; Guesnier, 1994);

Industrial agglomeration and structural factors: such as population density,
establishment density, and service industry ratio (Papke, 1991; Audretsch and
Fritsch, 1994a; Guesnier, 1994; Keeble and Walker, 1994; Reynolds et al.,
1994; Armington and Acs, 2002; Acs and Armington, 2004).

Other factors: such as company-scale structure, transportation access, and the
role of the public sector such as tax rate (Audretsch and Fritsch, 1994a;
Gerlach and Wagner, 1994; Guesnier, 1994; Hart and Gudgin, 1994; Keeble
and Walker, 1994; Reynolds, 1994; Santarelli and Piergiovanni, 1995;
Audretsch and Vivarelli, 1996; Egeln et al., 1997; Armington and Acs, 2002;
Acs and Armington, 2004).

However, the above-mentioned studies only investigated the
determinants of entrepreneur activity and start-ups. There are not many
studies on entrepreneurship capital in the field. Let us describe
entrepreneurship capital.

The city, which has high entrepreneurial activities like the Silicon
Valley, could retain rich entrepreneurship capital. Examining the urban
structure of Silicon Valley, there exists highly-ranked universities which could
provide state-of-the-art knowledge. Besides, there exists several trade
assoclations, regional business organisations, myriad professional consulting,
market research, public relations, venture capital firms, and other regional
agencies. All of this will be aggregated, resulting in higher entrepreneurial
activities and a larger number of start-ups; this causes economic growth,

called as entrepreneurship capital.
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Therefore, what kind of economic theory reinforces the idea of
entrepreneurship capital? Audretsch (2003) provided the following three
reasons.

The first way in which entrepreneurship capital has a positive impact
on economic growth is knowledge spillover. Romer (1986), Lucas (1988 and
1992), and Grossman and Helpman (1991) established that knowledge
spillover is an important mechanism underlying the endogenous growth model.
Knowledge is basically intangible, invisible, and it is a type of information; if
someone conveys it, it will be used by the other party. When someone especially
entrepreneurs find a good business idea, If the entrepreneur keeps the idea to
himself, it will not have an economic impact, but by spreading it to various
people or other entrepreneurs, it will be beneficial for everyone. Knowledge
has such peculiarities. To consider entrepreneurship capital, the importance
of knowledge is how quickly knowledge propagates and makes knowledge
spillover. The Silicon Valley has all these conditions. Thus, we could deem
Silicon Valley to have rich entrepreneurship capital.

A second way in which entrepreneurship capital has a positive impact
on economic growth is intensifying competition due to the increase in the
number of companies. Jacobs (1969) and Porter (1990) argued that competition
promotes knowledge externalities rather than regional monopolies. As the
number of companies increases, competition for new ideas will intensify;
however, the competition between companies will also intensify, making it
easier for new companies to enter the specific niches industry.

A third way in which entrepreneurship capital distributes economic
growth is by providing diversity among the companies. Entrepreneurship
capital not only creates more businesses, but also increases the diversity of
businesses in the city. The rationale for linking diversity and economic growth
was provided by Jacobs (1969). Jacobs argued that the most important source
of knowledge spillover is outside the industry in which the company operates,
and that cities are a significant source of innovation. According to Jacobs, it
is the exchange of complementary knowledge by diverse businesses and agents
that will bring greater benefits to new economic knowledge. She developed a
theory that emphasises that various industries in the city promote
externalities of knowledge and ultimately promote innovative activities and
economic growth.

These three reasons make the entrepreneurship capital a powerful
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engine for creating innovation and enhancing economic growth. Therefore,
entrepreneurial capital can serve as a conduit for knowledge spillover,
competition, and diversity, thereby contributing to production and economic

growth.

3. Production function model and Data definition
This paper aims to include a measure of entrepreneurship capital in
estimating a production function model for city-level regions in Japan. To
expand the discussion of Audretsch (2003), we introduce the Levinsohn and
Petrin method = LP (Levinsohn and Petrin, 2003) to eliminate endogeneity.

According to Levinsohn and Petrin (2003), letting v, represent the value
added—gross-output net of intermediate inputs—we can write the production
function as

vy = Bo + Bile + Pk + wr + 1t
=Pl + Pk, me) + 1
where
¢ (ke,me) = Bo + Prcke + w(ke,my)

Substituting a third-order polynomial approximation in k; and m; in place of
¢¢(k;,m;) makes it possible to consistently estimate the parameters of the
value-added equation using OLS as

3 3-i
vy = 6o + fily + ZZ 5ijkém{ + 7
=0 j=0
where B, is not separately identified from the intercept of ¢,(k;m;).3 This
completes the first stage of the estimation routine from Levinsohn and Petrin
(2003), from which an estimate of B, and an estimate of ¢, (up to the
intercept) are available.

The second stage of the routine identifies the coefficient ;. It computes

the estimated value of ¢; using

3—1

.
=0 —Ble=8+ ) > 5 kim! - B,

i=0 j=0

For any candidate value B;, we can compute (up to a scalar constant) a

prediction for w; for all periods t using

3 Another restriction is necessary to separately identify f; from the
intercept of ¢ (ks, m;).
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@ = ¢ — Pike

Using these values, a consistent (nonparametric) approximation to E{w.|w,_;)

is given by the predicted values from the regression
W = Yo + V10_1 T V20F1 +V30ig + €&
which LP call E{w;|w;_1)
Given f,B;, and E(w¢w,_;), LP write the sample residual of the
production function as
Ne + & = ve — Bile — Beke — Ewelw,_s)
Our estimate B, of B is defined as the solution to

"ﬁli*n § (ve — Ellt — Brke — E(wtlwt—1>)2
k
t

In this paper, we estimate the production function using the above LP method.
The estimation equation shall be
Yy = ak 15 a8 EPs e

where K represents the factor of physical capital, L. represents labour, A
represents knowledge capital, and E represents entrepreneurship capital The
subscript 7 refers to the Japan regions. The subscript ¢ represents the year.

The measurement of entrepreneurship capital is slightly complicated. In
this paper, we follow the same method of calculating entrepreneurship capital
as Audretsch (2003). He stated that entrepreneurship capital manifests itself
in a singular way — the startup of new enterprises. Thus, we propose using
new firm startup rates as an indicator of entrepreneurship capital.

Our data consist of a two-point panel data of 1892 Japan city-level
regions for 2012 and 2016. The sources and construction of the data are as

follows.

Output is measured as gross value added in each Japanese city. Statistics from
Japan’s Economic Census are published every 4 years by the Ministry of

Internal Affairs and Communications in Japan.

Physical Capital: The stock of capital used in all sectors (private sector)

excluding land charges. This is also from Japan’s Economic Census.

Labour: Data on labour are also from Japan’s Economic Census. This is the

gross number of employees in each city of Japan.
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Knowledge capital is expressed as the number of employees who work as
professional/technical workers like scholars/researchers/professors,
mechanical, chemical, electrical, and civil engineers, doctors, professional
consultants, and others.

This definition was slightly different from that of Audretsch (2003), who
used the number of employees engaged in R&D. However, due to data
constraints, we can only consider the number of professional/technical workers
in Japan, which is the closest definition we can use because many of those
workers presumably engaged in R&D in Japan. This is from the Census of

Japan.

Entrepreneurship capital is computed as the number of start-ups in the
respective city regions. We use the gross number of new start-ups in 2012 and
2016. There are two entrepreneurship capital data, one is the gross number of
new cooperates and sole-proprietorship. The other one is the only number of
new entries of sole-proprietorship. We introduce the data of sole
proprietorship because sole proprietorship has been attracting attention as a

new way of working for many Japanese.

Intermediate input shall be calculated as the cost of sales + selling, general
and administrative expenses - labour costs. This is also from Japan’s Economic
Census.

For descriptive statistics see appendix.

Fig.1. Spatial distribution of entrepreneurship capital measured as the

number of start-ups in all industries in 2016
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Fig 1

4. Empirical Results

Table 1° Results of the Estimation of the Production Function Model through

the LP method for Japan

Coefficient

(2)

Coefficient

3)

Coefficient

(4)

Variables Coefficient
(1)
Capital 0.1440716
kosk sk
( 0.0152964
)
Labour 0.4661668**

*

0.1464503**

*

(0.0119183)

0.2310172**

*

10

0.1380507**

*

(0.0145079)

0.239041%**
(0.041972)

0.1432997**

*

(0.0133244)

0.2388725**

*
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( 0.0151257 (0.0363551) (0.0286195)
)
Knowledge 0.2145817**  0.1430815** (0.1652174**
% * %
(0.0269165)  (0.0342777)  (0.0216682)
Entrepreneursh 0.0950417**
ip *
(cooperate and (0.013261)
sole-
proprietorship)
Entrepreneursh 0.0683285**
ip *
(sole- (0.0077774)
proprietorship)
Wald test Chi? 483.46 415.46 316.36 382.38
obs 3746 3746 3721 3643

* Statistically significant at two-tailed test for 90% level of confidence
** Statistically significant at two-tailed test for 95% level of confidence
**% Statistically significant at two-tailed test for 99% level of confidence

Estimation of the production function model of LP produced the results
displayed in Table 1. The first equation estimates the traditional Solow model
of the production function. Both physical capital and labour are important
factors of production in determining output in the Japanese region, as the
positive statistically significant coefficients suggest. In the second column,
the element of knowledge capital was added. Positive and statistically
significant shows that the coefficients of all three variables support Romer's
view that knowledge is important as a factor of production. The third column
shows the results when entrepreneurial capital is also included in the LP
production function model. Positive statistically significant coefficients
indicate that entrepreneurship is an important factor in explaining production
variability across the Japanese region. Columns (4) show the results of the
sole proprietorship. The results indicate that using alternative measures by
the sole proprietorship of entrepreneurship capital still generates a positive

and statistically significant coefficient, suggesting that entrepreneurship

11
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capital is an important addition to the model of the production function.
Therefore, the coefficient of only the sole proprietorship of entrepreneurship
capital is slightly lower than all entrepreneurship capital = cooperate + sole-
proprietorship. Unlike corporate companies, sole proprietors have a limited
impact on the economy. It is expected that sole proprietors have less ability to
create additional jobs. Nevertheless, due to the evolution of ICT technology,
the number of sole proprietors is expected to increase in modern society where
internet remote-work is widespread, so we would like to focus on it in the
future.

However, the contribution of entrepreneurship capital was lower rather
than knowledge capital. These results are different from those of a previous
study by Audretsch (2003).

5. Conclusions

This study is the first to try to investigate the contribution of
entrepreneurship capital in Japan, and to use the Levinsohn and Petrin
method to estimate that the production function includes entrepreneurship
capital.

The results show that entrepreneurship capital is important in Japan’s
regional economic growth. However, in this study, the contribution of
entrepreneurship capital was slightly more feeble than knowledge capital.
Presumably, this is related to an exceedingly low rate of entrepreneurial
activity in Japan. Nevertheless, this cannot be concluded as a single cause.
There might be complex and multiple reasons that were burdensome for
Japan’s entrepreneurship economy. This is only the author’s conjecture, but
we guess there exists synergistic effects between the contribution of
entrepreneurship capital to economic growth and high and active
entrepreneurial behaviour. As a result, the worker, rather than becoming an
entrepreneur, can learn specialised knowledge, find a job as a professional
technical employee and contribute more to Japan's economic growth. However,
given the aforementioned unicorn company issues and the economic nature of
entrepreneurial behaviour, from a long-term perspective on the Japanese
economy, we should consider how to increase the impact of entrepreneurship

capital. We highlight this issue and call for future economic policy discussions.

12
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Appendix

Descriptive statistics

Variable Obs Mean Std. Dev. Min Max
Gross value
3,742 1.42E+11 8.74E+11 6.30E+07 3.01E+13

added
Capital 3,742 2.05E+10 1.75E+11 0 5.92E+12
Labour 3,742 31629.64 44730.6 139 394885
Professional/
technical 3,742 4807.515 7629.962 16 79653
workers.
New sole-

) ] 3,742 69.15794 115.3964 0 1537
proprietorship
New  cooperate
and sole- 3,742 200.5727 419.1594 0 7732
proprietorship
Intermediate
) 3,742 5.05E+11 4.12E+12 1.50E+07 1.23E+14
input
Correlation

Grossvalue~d

Grossv~d Capital Labour Profes~s

1

Newsol~p Newcoo~o0 Interm~t

Capital 0.9413 1

Labour 0.2166 0.1449 1

Profession~s 0.2375 0.1664 0.9771 1

Newsolepro~p 0.3615 0.302 0.7783 0.782 1

Newcoopera~o 0.5907 0.5553 0.6875 0.7137  0.9044 1
Intermedia~t 0.9618 0.9753 0.1601 0.1799  0.3072 0.5567 1

13
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