Chapter 17
Firm Age Distributions and the Decay Rate
of Firm Activities

Atushi Ishikawa, Shouji Fujimoto, Takayuki Mizuno, and Tsutomu Watanabe

Abstract In this study, we investigated around one million pieces of Japanese
firm-size data, which are included in the database ORBIS, and confirmed that
the age distribution of firms approximately obeys an exponential function. We
estimated the decay rate of firms by comparing their activities in 2008 and 2013
and found that it does not depend on firm age and can be regarded to be constant.
Here, decay rate of firms denotes the state transition probability of firm activities.
These two observations are qualitatively consistent when the number of newly
founded firms is nearly constant. This phenomenon is analogous to nuclear decay.
We quantitatively confirmed this consistency by comparing the parameters of
exponential age distribution with the decay rate of firm activities. At the same time,
using this result, we estimated the number of firms founded annually and the decay
rate of firm activities in Japan before World War II.

17.1 Introduction

There are various subjects for econophysics research (see, e.g., [1-3]). One main
argument, which has a deep relationship with macroeconomics, is power-law
distribution that is confirmed in the large-scale range of various firm-size data [4—6].
Log-normal distribution is also frequently noted in mid-sized variables. These two
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laws, which are observed in firm-size variables at a point in time, are related to the
short-term statistical laws observed in firm-size variables at two successive years
[7-14]. The short-term laws denote (quasi-) inverse symmetry and (Non-) Gibrat’s
law [15, 16]. To the best of our knowledge, however, long-term statistical laws by
decade have not been sufficiently investigated.

Several studies reported that the age distribution of firms obeys an exponential
function [17, 18]. Since some firms still exist that were founded over 100 years ago,
the age distribution of firms, which is observed at a point in time, must be related to
long-term statistical laws. In this study, we investigate the age distribution of firms
by employing an exhaustive database of Japanese firms.

The rest of this paper is organized as follows. Section 17.2 describes our
database. In Sect. 17.3, first we confirm that the age distribution of firms, observed in
2008, approximately follows an exponential function. Second, by classifying firms
into age-rank bins, we compare the activities of firms in 2008 and 2013 and find
that their decay rates do not depend on firm age. This observation is new to the
best of our knowledge. In Sect. 17.4, we point out that the two laws observed in
Sect. 17.3 are closely related to each other when the number of newly founded firms
is nearly constant. This is analogous to nuclear decay [19]. We quantitatively verify
this relation by comparing the parameters of exponential age distribution with the
decay rate of firm activities. At the same time, using this result, we estimate the
number of firms founded annually and the decay rate of firm activities in Japan
before World War II. The last section concludes this paper.

17.2 Data

We employ the database ORBIS provided by Bureau van Dijk [20] that contains
the activity data of 2,739,268 firms and the financial data of 984,502 firms in 2008
Japan. It also includes the activity data of 3,419,105 firms in 2013 Japan. Since the
number of active firms in Japan is considered to be around several million [21], this
database is exhaustive.

The activities of firms in the database ORBIS are largely categorized into the
following three states:

e Active
Active, Active (payment default), Active (insolvency proceedings), Active (dor-
mant), Active (branch)

¢ Inactive
In liquidation, Bankruptcy, Dissolved (merger or take-over), Dissolved
(demerger), Dissolved (liquidation), Dissolved (bankruptcy), Dissolved, Inactive
(branch), Inactive (no precision)

¢ Unknown
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We define the decay of firms as a transition from active to inactive or unknown
(including Not Available). Note that in this definition, the decay of firms necessarily
means bankruptcy. In the database ORBIS, the same vendor researched firm data
both in 2008 and 2013 Japan and the response rate was sufficiently high; therefore,
this definition is appropriate in Japan. In the database, 2,099,834 active firms existed
in 2008, among which 1,888,294 firms remained active in 2013. 211,540 firms
decayed in this 5-year period. Of the total, 1 firm was In liquidation, 14 firms
were Bankruptcy, 58 Dissolved (merger or take-over), 1 Dissolved (liquidation),
6 Dissolved, 49 Inactive (branch), 207,553 Inactive (no precision), 3,645 Unknown,
and 213 NA.

17.3 Data Analysis

17.3.1 Age Distribution of Firms

To calculate the age of firms 7, we must identify a starting point in time for every
firm. In this study, we regard a firm’s incorporation as its starting point. Since
firms have financial statement from their year of foundation, we denote their age
of foundation as 7 = 1. In our analyses, since we are interested in the number of
firms as a function of firm age T to consider decay rate of firms, we call N(T') the
age distribution of firms. The cumulative age distribution of firms is defined by

No(T) = /TOO dTN(T). (17.1)

Figure 17.1 depicts cumulative age distribution N~ (7) of firms whose year
of foundation can be identified. The data in Fig.17.1 are cumulated to smooth
the dispersion. As shown in Fig.17.1, the cumulative age distribution of firms
approximately obeys an exponential function:

No(T) o< e, (17.2)

Here, A is a constant parameter. Maximum age 7 in Fig.17.1 is 150 years. This
corresponds to the starting point of the modernization of Japan around the Meiji
Restoration (1868) that marked the return of imperial power in Japan. In Fig. 17.1,
the difference in the data around 60 years corresponds to World War II. If we apply
Eq. (17.2) to the entire range in Fig. 17.1, the parameter is estimated as A ~ 0.078.
This value is close to 0.053 reported in [18], and is also close to around 0.05 reported
in [17].
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17.3.2 Decay Rate of Firm Activities

We classify the firms into age-rank bins and compare their activities in 2008 and
2013. By classifying the active firms in 2008 into age-rank bins with 5-year width
T, the number of firms N(T) and the decay rate in five years D5 are depicted in
Fig. 17.2. Interestingly, the decay rate in the five years of active firms in 2008 does
not depend on firm age 7 and is constant. The average value is estimated by

Ds = 0.093 £ 0.015. (17.3)

In Fig. 17.2, there is a difference of N(T') around T = 60. This corresponds to the
decay of many firms during World War II. The number of firms established before
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and after World War II decreased following an exponential function. However, the
parameters of the two exponential functions are different.

The exponential decrease of N (T) and N(T) is closely related to the constant
decay rate of firm activities that does not depend on the age of firms. In the next
section, we discuss this point.

17.4 Consistency of Laws

We clarify the relation between the two laws (17.2) and (17.3) observed in
the previous section. One is the exponential decrease of the (cumulative) age
distribution of firms. The other is their constant decay rate that does not depend
on firm age. First, by analogy to nuclear decay, we analytically relate the two laws.
After that, we quantitatively verify the relation by comparing parameter A, which is
estimated by the exponential decrease of the number of firms, with the decay rate of
firm activities in 5-year period Ds.
Using constant parameter Ny, the age distribution of firms is written as

N(T) = Noe ™. (17.4)

Parameter N, is the number of firms newly founded at T = 0. Recently in Japan,
since the number of newly founded firms has not changed drastically [22], the
expression of Eq. (17.4) is acceptable as the number of firms at a point in time 7.
Equation (17.4) leads to a survival rate where firms are active in time 7 and in time
T + 1 as follows:

NT+1)

From this survival rate, the decay rate of firm activities in year D, is expressed as
Di=1-¢" (17.6)

Since A is a constant parameter, Eq.(17.6) denotes that the decay rate of firm
activities does not depend on age of firms T and is constant. This is an analytical
consequence from the exponential decrease of the number of firms. Since this
equivalence is well known in nuclear decay [19], we call A a decay constant, as
in physics. When A is sufficiently smaller than 1, Eq. (17.6) leads to a A that nearly
equals the decay rate of firm activities in year Dy: A ~ D;.

Next, we quantitatively verify that D, which is estimated by the decay rate of
firm activities, agrees with A, obtained as the parameter of the age distribution of
firms. From Eqs. (17.3) and (17.9), D, is evaluated as

Dy = 0.020 £ 0.003. 17.7)
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This means that 2 % firms annually decay at any age of the firms.

By applying the exponential function to the whole range of the cumulative age
distribution of firms (Fig. 17.1), the decay constant is estimated as A ~ 0.078,
which is different from D;. This disagreement reflects that in Japan, A and N
changed before and after World War II when many firms decayed. Because D; is
measured between 2008 and 2013, we must estimate A by measuring the recent age
distribution of firms, which is not cumulated, and compare A with D;.

As shown in Fig. 17.2, by applying the exponential function to the range from
T = 1 to 45 in which Nj is relatively stable, the decay constant is estimated as

A =0.029 £ 0.03. (17.8)

This value is close to D;. From this agreement, we quantitatively confirmed the
relation between the two laws concerning the decay of firms. This value is also
close to around 0.03 which is reported in [17] as a value with respect to a recent few
decades.

Furthermore, Fig. 17.2 shows that parameter A® of the exponential function,
which is followed by firms founded before World War 11, is larger than A after World
War II. In Fig. 17.2, A8 is evaluated by

A8 = 0.060 + 0.03. (17.9)

The equivalence between A and D; claims that decay rate A2 of the firms before
World War 11 is approximately twice decay rate A after World War II. Figure 17.2
also shows that in Japan, number of firms No? annually founded before World War
IT approximately equals Ny after World War II:

No® ~ Ny. (17.10)

17.5 Conclusion

In this study, by employing an exhaustive database of firms in Japan, we showed
that the number of firms exponentially decreases with respect to their age from their
foundation. When the number of firms established annually is nearly constant, this
exponential decrease means that their decay rate does not depend on the their age.
We confirmed this feature and classified firms into age-rank bins and investigated
the decay rate and showed that the parameter of the exponential age distribution
of firms agrees with the decay rate, as we analytically expected. The decay rate of
firm activities before World War II is estimated to be approximately twice that after
World War II in Japan. This confirms that the social structure of Japan dynamically
changed after World War II.

The study of bankruptcy prediction of firms has a long history and there are var-
ious articles and practical applications [23-29]. Most of the models do not include
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the firm age as a parameter explicitly. For instance in [23], the model includes
five parameters; (Working Capital)/(Total Assets), (Retained Earnings)/(Total
Assets), (Earnings before Interest and Taxes)/(Total Assets), (Market Value of
Equity)/(Book Value of Total Liabilities), and (Sales)/(Total Assets). Therefore,
the main claim of this paper is consistent with them. However, parameters included
in the models presumably depend on firm age and most of the models showed that
the bankruptcy probability is smaller as the firm age is higher. This discrepancy
probably comes from the data processing method that we consider not only
bankruptcy but also dissolved (merger or take-over) as decay of firm activities.

We investigated the age distribution of firms to understand the long-term
statistical laws observed by firm-size data. We can also observe that firm age
exponentially correlates with the logarithmic average of sales at that age, as shown
in Fig. 17.3. This relation significantly connects the age distribution of firms with
the power-law distribution [4—6] of firm-size data. Furthermore, this exponential
correlation can be interpreted as the average growth of sales. On the other hand,
we found that the listed firms grow under power law by employing the database of
listed firms both in the United States and Japan [30]. In the near future, we want
to clarify these long-term statistical laws of firms, such as firm age distribution and
firm growth, and confirm the relations among long- and short-term statistical laws,
such as (quasi-) inverse symmetry and (Non-) Gibrat’s law.
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