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1. Introduction

The recent financial crises in most developed economies un-
derscore the importance of the availability of credit and bank-
ing capital for firms. At the macro level, there exists a consen-
sus that credit booms are associated with economic expansions
(Levine, 2005) and that the recessions following them tend to be
deeper and longer than normal recessions (Schularick and Tay-
lor, 2012; Jorda et al., 2013). At the micro level, the effects of
credit booms are less clear. Some empirical evidence shows that
the credit booms in Spain and other euro-area countries in the
2000s had heterogenous effects on investment of existing firms
(Gopinath et al., 2017; Basco et al., 2021). However, there is no evi-
dence on whether new firms that are created during a credit boom
differ from those in other credit conditions.!

One observable difference from the effect of credit availability
is in the life cycle of firms. Firm dynamics, measured in terms of
entry and exit, are an important determinant of economic growth.

* Corresponding author.

E-mail address: john.tang@unimelb.edu.au (J.P. Tang).

1 For example, Amazon and Pets.Com were both created during the dot-com bub-
ble (1996-2000). The former is now one of the most valuable companies in the
world and has contributed to increase aggregate productivity, while the latter did
not survive past its first year; see Abelson (2000).

https://doi.org/10.1016/j.jbankfin.2023.106937

This Schumpeterian "creative destruction" has been shown to be
affected by changes in financial access, regulation, firm organiza-
tion, and international trade.? In particular, there is a large quan-
titative macro literature emphasizing the effects of financial con-
straints on entrepreneurship at the micro level.> Largely absent
in this scholarship are the micro-level effects of credit availability,
specifically credit increases, in a developing economy, and from a
historical perspective; for both scenarios there are limited data.*
This is unfortunate given that the aforementioned factors may be
exacerbated in a financially immature economy undergoing struc-
tural change. At the same time, historical contexts may provide a

2 Per Schumpeter, creative destruction refers to the "process of industrial muta-
tion that incessantly revolutionizes the economic structure from within, incessantly
destroying the old one, incessantly creating a new one" (1942, pp. 82-83). As ap-
plied to firms, it can describe intra-industry churn as well as the reallocation of
resources within firms over their life cycles. See Caves (1998) for a survey of empir-
ical studies on firm dynamics, with Dunne et al. (1988) and Foster et al. (2008) as
prominent examples. Relatedly, Decker et al. (2014) underlines the diminishing
share of young firms and entrepreneurship to explain the decline of economic dy-
namism in the United States.

3 See Buera et al. (2015) for a review of recent studies.

4 A notable exception is Gregg and Nafziger (2019), which uses the universe of
Russian incorporation data in the late nineteenth and early twentieth centuries to
analyze firm dynamics.
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cleaner economic framework that makes disentangling the relative
influence of these factors possible.

Late nineteenth century Japan offers a unique setting to analyze
the effect of a credit supply shock on the life cycle of firms.” We
use a quasi-natural experimental setting to proxy for the changes
in credit supply and a novel firm-level dataset to estimate eco-
nomic dynamism. During this period, Japan transitioned from an
internally fragmented, internationally isolated economy to an in-
creasingly industrialized and globally integrated one. In 1876, the
new central government under the Meiji regime (1868-1912) uni-
laterally converted annual hereditary stipends to former samurai
into public bonds worth 174 million yen, the equivalent of nearly a
third of Japanese national income and six times the government’s
total spending that year. This bond issuance was also exceptional in
that it improved the government’s fiscal position, more than tre-
bled the amount of public bonds by value, and was actively re-
sisted by the samurai recipients (Basco and Tang, 2020).5 More-
over, bond value per capita at the time of issuance was unrelated
to pre-1876 regional product per capita, further suggesting exo-
geneity in subsequent economic outcomes from this credit shock.”

We use this bond issuance as a discrete change in the avail-
ability of financial capital to entrepreneurs, with bond holders (i.e.,
samurai, subsequent buyers) acting as providers and banks as in-
termediaries.® Theoretically, this change in the composition of the
stream of endowments should lead to an increase in savings (i.e.,
permanent income hypothesis), which in turn could be channeled
towards the banking sector. For Japan, this channel was the case as
the government revised the National Banking Act in 1876 to allow
chartered national banks to use these bonds along with specie as
paid-in capital. As a result, banks increased both in size and num-
ber, from 6 to 153, in the three years following the bond issue and
were established throughout the country (Goldsmith 1983, p. 25).
Bonds issued to samurai represented nearly 60 percent of these
banks’ capital as late as 1884, when redemption of bonds had al-
ready begun, as shown in Table 1.°

Standard models of credit rationing (Stiglitz and Weiss, 1981;
Mankiw, 1986) predict that firms obtaining funds in the credit
market are, on average, riskier. Furthermore, an increase in the de-
mand for savings or bank deposits make the existence of a credit
market more likely. This is due to adverse selection and an inverse
relationship between savings demand and the cost of obtaining
credit, respectively. If the risk profile of entrepreneurship corre-
sponds with firm dynamics, we can test the following hypotheses:
(i) the lifespan of firms decreases with increased bank capital, (ii)
firm destruction increases with bank capital, and (iii) firm creation
increases with bank capital.

5 An important question not addressed by our analysis is whether credit booms
are driven by an increase in the supply or demand of credit, which itself is subject
to debate. For example, Mian and Sufi (2009) argue that the mortgage boom in the
United States in the mid 2000s was supply driven and emphasize the expansion of
mortgage credit in subprime (riskier) areas, where income growth did not increase.
More recently, Adelino et al. (2018) offer a more nuanced view arguing that both
credit supply and demand were driving the mortgage credit boom. For our anal-
ysis, we interpret the change in credit as supply driven while acknowledging that
alternative demand-side explanations may also be valid.

6 The 1876 policy resulted in samurai losing their hereditary payments and re-
ceiving an asset (bond), whose value was lower than the present value of the
stream of promised future payments (hereditary stipends). The 1877 Seinan war
(aka, Satsuma rebellion) was led by samurai opposed to the compulsory commuta-
tion (Flath, 2014, p. 33).

7 See discussion in Section III.

8 It is also possible for samurai to directly invest in firms without using financial
intermediation, but in the absence of systematic financial data for firms during this
period, how intensively this channel was used is unclear. See the next section for
further discussion.

9 The correlation between National Banks capital per capita and samurai bonds
per capita is 0.72 at less than 1 percent statistical significance.
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These hypotheses assume that the marginal firm obtaining
credit is a riskier investment than already funded firms and thus
would be affected by the availability of credit. At the same time,
relaxing credit constraints may also increase competition between
firms as entry increases, causing less efficient ones to exit the mar-
ket regardless of investment risk.'? Relaxing our assumption about
risk, we would still expect bank capital to be positively associated
with increased firm entry due to lower barriers to entry. Simi-
larly, if we assumed a homogenous and constant exit probability,
we would also observe more firm destruction. The only difference
in our predictions would be in the lifespan of new firms, which
should not differ on average across periods with different credit
availability if investment risk or efficiency were the same. Thus,
our analysis indirectly tests whether the marginal firm is a riskier
investment or less efficient depending on the credit environment
in which the firm is established.!!

For our empirical analysis, we use a recently developed firm-
level dataset based on Japanese corporate genealogies (Tang, 2011
and 2014; Onji and Tang, 2017) and an instrumental variable ap-
proach. Although qualitative in nature and thus limiting the anal-
ysis to extensive measures of firm activity, the sample of firms
in the data spans most regions in the country and all sectors in
the years immediately preceding and following the 1876 bond is-
suance. To our knowledge, no other firm-level data with the same
geographic and industrial coverage exist for Japan over the same
period. The genealogical structure provides the year of entry and
exit for each firm, from which we can estimate the impact of dif-
ferential credit supply by region, instrumented by per capita bond
value in 1876, on firm lifespan, creation, and destruction.'? Our
identification comes from the exogenous nature of the bond is-
suance and the variation across regions, aka prefectures, in per
capita bond values. We also include covariates to account for pre-
fectural differences in income, urbanization, and population.

Our findings largely align with those predictions from credit ra-
tioning models. First, the lifespan of new firms is inversely related
to per capita bank capital. Second, both firm entry and exit in-
crease in prefectures with a larger increase in per capita bank cap-
ital. At the sectoral level, all three predictions hold for manufactur-
ing. The improved fit is consistent with differential external financ-
ing constraints among sectors like manufacturing where firms face
a higher financial constraint (i.e., larger initial fixed cost of project
investment to available credit) compared to those in other sectors
and the economy at large (Rajan and Zingales, 1998). In contrast,
our results using firms in the service sector, which may have a
lower funding threshold, show no effect on lifespan and decreased
firm entry with additional bank capital. Our results are also robust
to using samurai bonds as an instrument for different banking se-
ries as well as directly in the empirical specifications.

Our main contribution is to show that differences in credit sup-
ply affect the life cycle of firms. We argue that the involuntary
samurai bond conversion increased aggregate savings, which trans-
lated into an increase in bank deposits and, thus, bank capital. In
the presence of credit rationing and adverse selection, firms receiv-
ing bank loans had on average riskier projects and, thus, shorter
lifespans. This theoretical prediction is corroborated by our empir-
ical evidence of entrepreneurial activity in late nineteenth century

10 Given the lack of detailed firm information from the genealogies, we are not
able to distinguish between or directly assess the risk profile (e.g., borrowing cost,
credit rating) or efficiency (e.g., productivity, prices) of firms in our sample.

11 Another approach to assess risk would be based on the type of technology
used by firms within sector categories, per Tang (2011). We show these results in
Appendix B.

12 We use per capita bond value as an instrument for both per capita national
bank capital and per capita total bank capital. These IV estimates are also directly
compared to both OLS and Poisson estimates using both banking series as well as
that of samurai bond value by region.
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Table 1
Financial assets distribution by prefecture.
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Samurai Bond Value (1876)

National Bank Capital (1884) All Bank Capital (1884)

Total Per Capita Total Samurai Share Total

Japana 173,844,631 5.68 52,536,000 58.5% 85,203,000
Tokyo 39,846,950 40.42 28,046,000 73.2 32,029,000
Kagoshima 13,146,225 15.62 530,000 90.8 597,000
Ishikawa 12,545,215 17.64 190,000 63.9 190,000
Toyama 17.64° 300,000 21.1 1,044,000
Kochi 9,110,350 16.63 650,000 64.0 650,000
Tokushima 16.63° 260,000 76.3 896,000
Fukuoka 8,741,465 8.14 640,000 72.2 1,144,000
Nagasaki 8,016,580 11.57 370,000 35.7 805,000
Saga 11.57° 390,000 94.1 1,185,000
Yamaguchi 6,518,215 7.52 680,000 89.9 680,000
Aichi 5,945,745 4.71 670,000 40.0 1,583,000
Kumamoto 5,885,420 5.93 265,000 96.9 365,000
Shimane 5,092,970 8.14 80,000 70.6 159,000
Tottori 8.14° 200,000 86.9 224,000
Ehime 4,807,515 5.90 440,000 53.3 976,000
Shizuoka 3,839,715 443 750,000 17.7 4,411,000
Hyogo 3,737,980 2.74 790,000 37.1 1,250,000
Yamagata 3,351,640 5.00 590,000 37.5 764,000
Oita 2,978,155 4.11 340,000 73.1 924,000
Okayama 2,975,130 3.25 380,000 81.5 1,069,000
Wakayama 2,834,755 4.84 200,000 74.1 317,000
Akita 2,732,040 4.42 100,000 31.6 100,000
Shiga 2,531,845 4.22 500,000 17.7 710,000
Gunma 2,426,385 4.05 570,000 47.4 1,393,000
Niigata 2,401,415 1.57 1,300,000 15.8 4,538,000
Kyoto 2,398,805 2.62 400,000 38.4 730,000
Nagano 2,385,160 2.40 760,000 349 3,546,000
Hiroshima 2,173,650 1.73 440,000 50.5 440,000
Ibaraki 2,138,681 3.01 420,000 76.4 836,000
Gifu 2,072,720 2.69 760,000 30.6 1,340,000
Mie 1,836,640 2.27 350,000 65.8 350,000
Chiba 1,745,290 1.39 215,000 73.7 490,000
Aomori 1,671,155 3.41 300,000 78.4 481,000
Saitama 1,321,790 1.91 200,000 25.8 1,659,000
Miyagi 1,278,800 2.58 250,000 424 282,000
Fukushima 1,192,720 1.75 930,000 20.4 1,606,000
Osaka 1,187,045 1.16 2,590,000 12.7 4,232,000
Kanagawa 1,012,315 1.44 3,100,000 27.0 5,224,000
Iwate 945,795 1.30 150,000 64.9 170,000
Tochigi 697,035 1.06 300,000 27.3 614,000
Hokkaido 236,300 1.56 330,000 40.7 430,000
Yamanashi 54,445 0.14 250,000 5.8 2,317,000
Okinawa 0 0.00 0 0.0 100,000

Source: Japanese Ministry of Finance (1904), Japan Statistical Association (1962), and authors’ calculation. All values except where noted are in nominal yen. ?Includes 5
percent bonds valued at 30,575 yen distributed to the imperial household, which are not prefecture specific. °Okinawa, Saga, Tokushima, Tottori, and Toyama prefectures
were unincorporated or part of other prefectures at the time of the stipend commutation. Also, Hokkaido was a colonial territory at the time.

Japan, where firms in areas with a larger supply of credit were also
those experiencing proportionately more births and deaths.

2. Related Literature

There is a large and increasing empirical literature on the ef-
fects of credit supply, most of which focuses on long-run aggre-
gate outcomes (Levine, 2005). Our approach relates more closely
to recent studies that use historical data to examine the short- and
medium-run effects of fluctuations in credit supply.’> However, in-
stead of aggregate measures, our study uses firm-level data, which
allow us to analyze how firm dynamics are affected by credit sup-
ply and to provide a more comprehensive view of the effects. Our
quasi-natural experimental approach also allows us to better iden-
tify the credit supply shock, which may be endogenous in other
contexts. This identification has been previously used in Basco and

13 See Jorda et al. (2013), Jorda et al. (2017), Kaminsky and Schmukler (2008),
Loayza and Ranciere (2006), Mendoza and Terrones (2012), and Schularick and Tay-
lor (2012).

Tang (2020), which finds a positive and long-run relationship be-
tween the samurai bond conversion on economic growth.

Our work is also informed by the literature on financial inter-
mediation and how credit is channeled to firms through banks.
In our theoretical motivation and empirical analysis, we focus on
the intermediary role that banks play between firms and house-
holds. While banks may also serve other functions, our interest in
the paper is to highlight the importance of banking on resource
allocation and economic development (c.f., Gerschenkron, 1962;
Greenwood and Jovanovic, 1990). The assumption of households
not investing directly into firms (e.g., through equity markets)
would be reasonable for Japan in this period given its nascent stock
exchanges in Tokyo and Osaka, both established in 1878; high bar-
riers to equity finance; and the relative paucity of corporations
(Morikawa, 1992, pp. 93-94, Goldsmith, 1983, p. 61).1 Indeed,
Allen and Gale (1995) emphasize the difference between bank-
oriented economies like Japan, with households holding mostly

4 This extra-banking investment channel is tested with our pseudo-IV specifica-
tions in the results section.
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safe assets, versus equity market-oriented economies like the
United States.

Furthermore, there are several studies that examine the ef-
fect of credit supply on the quality or risk of the loans granted
by banks. In a recent work, Jiménez et al. (2020) argue that the
Spanish housing boom in mid 2000s was akin to a credit sup-
ply shock. Banks obtained liquidity via securitization of real-estate
assets. More importantly, Spanish banks took more risk by relax-
ing borrowing standards. Similar results have found for the re-
cent mortgage debt boom in the United States (Demyanyk and Van
Hemert, 2011; Keys et al., 2010). While we do not have direct evi-
dence on which firms obtained bank loans after the credit supply
shock, our findings on firm lifespan and destruction are consistent
with this literature and corroborate our interpretation. Our contri-
bution to this strand of the literature is to investigate the effect of
the credit supply shock on the life cycle of firms.

A third area of related scholarship is understanding how firm
dynamics affect economic growth in line with Schumpeterian
dynamics (Schumpeter, 1942). More recent contributions include
Dunne et al. (1988), who provided the first statistics on firm cre-
ation and destruction across industries in the United States, while
Foster et al. (2008) underscore the importance of firm entry in
aggregate productivity growth in the United States. These studies,
however, use highly detailed (and confidential) firm data and ob-
serve firms in a developed economy context, neither of which ap-
plies to our historical study. A closer fit would be studies on how
credit constraints can act as barriers to firm creation and growth,
as shown by Aghion et al. (2007), Banerjee and Duflo (2014),
Banerjee et al. (2019), Barrot (2016), and Beck and Demirguc-
Kunt (2006)". Our paper follows this empirical approach, but also
utilizes a quasi-natural experimental setting that allows us to study
a change in credit availability in a developing economy.'® To this
we add evidence on firm destruction and lifespan, which is absent
in most of this literature.!”

Finally, we contribute to the economic history and develop-
ment literatures that relate the banking sector with economic
activity. There is extensive work that examines the collapse of
the banking sector in the United States during the Great De-
pression (e.g., Bernanke, 1983; Richardson, 2007; Richardson and
Van Horn, 2009). The findings suggest that through bank failures,
credit availability decreased and exacerbated the decline in out-
put. Our study shows similar, but obverse, patterns when credit
expanded. We also provide micro-level evidence that the financial
revolution experienced in Japan, which preceded its industrializa-
tion at the end of the nineteenth century, may have had its ori-
gins in the government’s policy to expand credit through bank-
ing (Rousseau, 1999; Tang, 2013). Our analysis underscores the role
of public bonds in increasing bank lending capacity as was true
in early twentieth century China (Ma, 2019). It also complements
modern studies in Thailand and India that find increased credit ac-
celerated the growth and sales of firms, relaxed the constraint for
high productivity households who may not have had credit access

15 See also Buera et al. (2015) for a review of the quantitative macro literature on
the effect of financial frictions on entrepreneurship. We depart from this literature
by having a more macro approach and exploit within-country variation in samurai
bonds to assess the effect of credit supply on firm lifespan, creation, and destruc-
tion.

16 Kaboski and Townsend (2012) similarly use a governmental microfinance pro-
gram in modern Thailand to find that increased household credit provided in-
creased financial intermediation, which in turn raised borrowing, investment, and
wages in the short run. Our approach abstracts from the household and measures
extensive firm activity for a longer period of time.

17" An exception is Barrot (2016) which studies a reform in trade credit regulation
in the French trucking industry. One main difference with our analysis is that we
have data on all sectors and our credit supply shock represented a large increase in
bank capital in the country.
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otherwise, and raised total entrepreneurial activity (Banerjee and
Duflo, 2014; Banerjee et al., 2019; Paulson and Townsend, 2004).
We further discuss this mechanism in the context of firms follow-
ing the historical overview.

3. Historical Background

Late nineteenth century Japan was a country in transition, mov-
ing from an agrarian, semi-autarkic economy to an industrial and
internationally integrated one over the course of a few decades.
Institutional reforms undertaken by the new central government
included the adoption of a modern banking system and com-
mercial code, which complemented the establishment of a cen-
tral bank and equity exchanges as well as public bond offerings
(Lockwood, 1954). By many accounts, Japan had a successful fi-
nancial revolution that underpinned its economic growth, becom-
ing the first non-western country to industrialize and the eco-
nomic leader in the region for most of the twentieth century
(Rousseau, 1999; Tang, 2013). Figure 1 shows how firms in mod-
ern sectors like textile and machine manufacturing grew rapidly
in number and size relative to firms in primary production or ser-
vices. This growth was facilitated in part by their access to newly
available investment capital, formal financial intermediation, and
an integrated domestic market.

Immediately preceding the country’s modern financial develop-
ment was the central government’s 1876 policy that converted the
hereditary stipends of former samurai into interest bearing govern-
ment bonds (Tomita, 2005; Basco and Tang, 2020). Along with two
earlier, smaller bond issues, these “samurai bonds” were collec-
tively valued at 210 million yen, or half of Japan’s national income
and seven times total government revenue in that year.'® This pol-
icy was enacted to reduce annual government outlays on liabili-
ties carried over from the previous Tokugawa shogunate regime, to
provide samurai with a financial security that could be sold or in-
vested, and to increase the amount of capital available to the coun-
try’s emerging banking sector (Tomita, 2005).19

To facilitate the latter, the government also revised its National
Banking Act in the same year to explicitly allow for these bonds to
be used by banks as capital for currency and loan issue through re-
serve lending (Yamamura, 1967; Harootunian, 1960). As shown in
Table 1, former samurai owned the majority of the national banks’
stock by using their bonds as collateral, and banks themselves
bought additional bonds from samurai and subsequent owners as
investments.?’ These national banks, which were privately owned
but received charters from the central government, preceded the
expansion of private and quasi-banks in the 1880s as part of the
government’s fiscal retrenchment and monetary consolidation fol-
lowing the establishment of the central bank in 1882.2! Despite the
government capping the issuance of banknotes for each prefecture

8 The two earlier bond issues, in 1873 and 1874, were voluntary conversions of
samurai stipends and worth 36 million yen in current terms. Bonds varied in their
payable interest rates depending on the former rank of the recipient samurai and
his hereditary or life income. The highest ranked samurai received the largest pay-
ments in bonds but at the lowest interest rate, while the lowest ranked samurai the
opposite. The conversion of annual incomes into lump sum bonds was not a one-
for-one change in the government’s liabilities, however, as higher ranked samurai
took a loss of up to 75 percent of the present discounted value of their previously
non-securitizable incomes (Flath, 2014, p. 33).

19" All bonds issued in 1876 had a maturity term of twenty-five years starting in
1882 but could be sold starting in 1878 (Goldsmith, 1983, pp. 22-24). The govern-
ment retired a large proportion of these bonds in the early 1880s.

20 The 58.5 percent ownership share in 1884 is a decrease from the 75 percent
share in 1882; however, prefectural disaggregation is not available for the latter fig-
ure (Harootunian, 1960, p. 440).

21 The national banking system was initially based on the American model in use
at the time, which was considered compatible for Japan given the economy was
similarly decentralized, unlike those in Europe (Shizume, 2018).



J.P. Tang and S. Basco

o1

SHI"

Journal of Banking and Finance 154 (2023) 106937

= eme /01" emm——) (0349674-38" ®®ee9: .- 6<"

Fig. 1. Number of firm startups by major industry, 1868-1912.
Source: Tang (2013), p. 118.

to a national limit of ¥34 million so as to counter inflation, total
financial assets in the economy still increased nine-fold between
1875 and 1885 to ¥273 million.?? Of this amount, national banks
had a dominant share with 41.4 percent of the total compared to
ordinary private banks, quasi-banks, or other financial institutions
(Goldsmith, 1983, p. 218). This was equivalent to 14.1 percent of
gross national product, compared to the 1.2 percent just ten years
prior.

The average per capita bond value by prefecture is 5.68 yen
across bonds with different payable interest rates. As shown in the
table, the top three prefectures receiving bonds in per capita terms
were Tokyo (¥40.42), Ishikawa (¥17.64), and Kochi (¥16.63) while
the bottom three prefectures were Yamanashi (¥0.14), Tochigi
(¥1.06), and Osaka (¥1.16).2®> Figure 2 shows the distribution of
these per capita bond values in 1876 along with per capita income
levels in 1874. The substantial geographic and economic develop-
ment variation in regions at the time of the bond issue provides
identification in assessing the relative impact of credit availabil-
ity on subsequent firm activity. It is also indicative of the exo-
geneity of the commutation policy given pre-existing conditions,
which has been confirmed by earlier empirical analysis (Basco and
Tang, 2020).24

22 National banks were allowed to issue banknotes based on the amount of capital
that they held (which included the samurai bonds). To centralize control over the
money supply and make banknotes convertible into specie, the Bank of Japan took
over this responsibility and no additional charters to national banks were granted
(Shizume, 2018). There was subsequently a consolidation of national banks as their
charters expired, with regular private banks increasingly dominant in the financial
system starting in the 1880s (Yamamura, 1967).

23 At the time of the samurai stipend commutation, there were eight (out of 47)
prefectures that did not exist formally as they were part of other prefectures: Fukui,
Kagawa, Miyazaki, Nara, Saga, Tokushima, Tottori, and Toyama. These are given the
same per capita bond values as their former larger entities, which included the pop-
ulations of these later administrative units. Another prefecture, Okinawa, was not
formally incorporated into Japan until 1879, and thus did not receive any bonds at
the time of the commutation. Hokkaido did receive commutation bonds for samurai
stationed there, but these were recently arrived as part of Japan’s colonial expan-
sion northward.

24 The relatively high share of samurai bonds in southwestern Japan reflects the
country’s political history and geography: external threats and international trade
(via Nagasaki) before the mid-nineteenth century were largely to the west of Japan,
which required the stationing of samurai for security and government administra-
tion. Samurai mobilized for the failed invasions of Korea in the 1590s also remained

To further illustrate that the value of these bonds per capita are
not explained by income per capita in 1874, we regress per capita
bond value on per capita income. Even though the coefficient of
prefectural income per capita is positive, it is not significant (i.e.,
the p-value is 0.27). Thus, even though there is a weak positive
correlation between both variables, it is not strong enough to in-
dicate causality. The absence of a strong correlation can be graph-
ically observed in Fig. 3, which also highlights the difference be-
tween the two richest prefectures, Tokyo and Osaka, that had re-
ceived very different amounts of samurai bonds per capita.

An important consideration is whether the samurai bonds were
exclusively channeled into banks. While it was possible for samu-
rai to sell their bonds and use the funds to directly invest into
firms, thus circumventing the financial intermediation of banks,
there is no documented evidence that this occurred systematically
(Goldsmith, 1983, pp. 23,24). Rather, anecdotal studies indicate
that samurai were less entrepreneurial than the farming or mer-
chant classes and preferred bureaucratic or military employment,
which corresponded to their higher education levels and historic
occupations (Kinmouth, 1981, pp. 35 and 79). Government poli-
cies to induce samurai to pursue land reclamation or colonial ex-
pansion attracted approximately 30,000 samurai and their families
by the late 1880s out of two million samurai that lived in coun-
try at the time (Harootunian, 1960, pp. 437-439). Separate govern-
ment loans to former samurai for the specific purposes of start-
ing businesses totaled ¥5.3 million, or less than one fifth of the
value of samurai ownership in national banks (ibid, p. 443). What
is unknown is the share of funds invested into these enterprises
that was derived from these loans versus the original commuta-
tion bonds, and the relative magnitudes in our analysis suggest an
emphasis on the latter.

4. Theoretical Motivation

Our theoretical motivation comes from the standard corporate
finance literature that examines the interaction between banks and
credit rationing; see, for example, Freixas and Rochet (2008). In

in the region, and local daimyo lords maintained larger garrisons since they ruled
geographically larger domains and historically owed less allegiance to the shogu-
nate government based in the east (Cullen, 2003, pp. 31-56).
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1876 per capita bond value (current yen)
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Fig. 2. Prefectural variation in output and bond values.
Source: Fukao et al. (2015), Japanese Ministry of Finance (1904).
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Fig. 3. Histogram of per capita bond value and gross product.
Source: authors’ calculations; see text for details. Per capita gross prefectural product and bond value are measured in nominal yen for the years 1874 and 1876, respectively.

particular, we follow the theoretical models with bank intermedi-
ation and credit rationing found in Stiglitz and Weiss (1981) and
Mankiw (1986). The basic assumption from these models is that
savings from households are channeled toward firms via bank in-
termediation. This is reasonable for a developing economy like
late nineteenth century Japan that is banking oriented as op-
posed to economies relying more on equity finance (Hoshi and
Kashyap, 2001; Levine, 2005).2°

25 This assumption also aligns with the historical experience of Japan, which had
two stock exchanges established in 1878 in Tokyo and Osaka but these were mainly
for large scale enterprises like railways and cotton spinning factories. These firms

Relevant to our analysis, a feature of these models is that, due
to the presence of borrowing constraints and asymmetric informa-
tion, only a fraction of the pool of entrepreneurs would be able to
obtain funds to become viable. We interpret the issuance of samu-
rai bonds as an increase in the endowment of households, which
translates into an increase in banking capital. Additional consid-
erations favoring intermediation include diversification of house-
hold savings into otherwise indivisible large entrepreneurial in-
vestments as well as improved intertemporal risk sharing.

were few in number for our period of analysis and represent 7 percent of our sam-
ple (28 spinning, 3 railways).
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Before the issuance of the samurai bonds, most Japanese pre-
fectures had limited pools of savings and no formal banking ac-
tivity. With the introduction of samurai bonds, which varied in
value across regions due to the non-uniform and exogenous dis-
tribution of resident samurai, prefectures gained a source of fi-
nancial capital that was transferable and long term. Samurai were
given bonds, redeemable after five and up to 30 years, in exchange
for their hereditary annual stipends, whose value fluctuated de-
pending on the price of rice. A primary motivation for the cen-
tral government to issue these bonds was that they were on av-
erage lower in value than the net present discounted value of the
stipends they replaced, thus reducing public expenditures and lia-
bilities (Flath, 2014). Samurai were then encouraged to use these
bonds to fund banks in the form of paid-in capital as indicated by
the revision to the National Banking Act in 1876 (Tomita, 2005).

We focus on the banking channel because this can be pre-
cisely tested with empirical data across regions during this pe-
riod, whereas direct investment into enterprises with these bonds
is not documented. In other words, we assume that the issuance
of samurai bonds increased the demand for deposits, which banks
used to fund entrepreneurs. While samurai could have used the
bonds to self-finance enterprises themselves, it is unclear how
many did so, and once the bonds are sold the identity of the holder
no longer is relevant. What is not speculative is that all prefec-
tures that received samurai bonds had some invested into the na-
tional banks that were established thereafter, with capital owner-
ship shares for samurai ranging from six to 94 percent. Banking ac-
tivity was also negligible before the issuance of samurai bonds, and
both the extensive and intensive development of the modern fi-
nancial system took place following this reform (Shizume and Tsu-
rumi, 2016; Tang, 2014). With the 1876 samurai bond issue, formal
banking intermediaries like the national banks rapidly increased
from six to 153 three years later.

How would the issuance of samurai bonds affect firm activity?
For financially constrained entrepreneurs, the newly available cap-
ital would allow them to establish firms. What is less obvious is
whether these firms would have been viable without the regime
change, which the credit rationing models would predict not to be
the case. If adverse selection were present, then firms established
during (but not before) the period when samurai bonds are avail-
able would be more likely to fail since they have riskier projects,
and thus be shorter lived.2® We test the following predictions: 1)
the lifespan of firms decreases with bank capital, 2) average firm
creation increases with bank capital, and 3) average firm destruc-
tion increases with bank capital. In our empirical analysis, we also
qualify these predictions based on major industry type since some
(e.g., manufacturing) require larger amounts of external capital to
be established.

5. Empirical Approach and Data Sources
5.1. Empirical Strategy

Given the above predictions, our main variable of interest is
bank capital per capita. Bank capital availability was heterogenous
across prefectures in Japan, which allows us to examine whether
variation in bank capital affected the life cycle of firms. A concern
with directly using bank capital per capita in a given prefecture
is endogeneity as it may be correlated with the demand of credit
in that particular prefecture. Historical data limitations also mean
that annual series of banking capital by region are limited before
1880.

26 We further divide the years following the 1876 bond issue into five-year subpe-
riods given differences in fiscal and monetary regimes in the post-bond period (e.g.,
the Matsukata deflation).
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To circumvent these issues and to identify the credit supply
channel, we use an instrument variable approach, with a prefec-
ture’s per capita samurai bond value instrumenting for per capita
bank capital. The exclusion restriction is satisfied as the bond is-
suance occurred before the development of the banking system in
Japan, so there is no simultaneity concern. Both banking series are
shown in Table 1 along with reported the total ownership share of
samurai of national banks. Although we have only direct evidence
of samurai ownership in national banks, not all banks, the effect
of samurai bonds is likely to affect the entire local banking envi-
ronment, so we report estimates for both series. This is also his-
torically justified since national banks were reformed in response
to the bond issuance and emerged before most other banks in the
country. One drawback to using samurai bond value as an instru-
ment, however, is that since it is time invariant any differences in
firm outcomes would be based on cross-sectional variation among
prefectures, with the instrument absorbing any other prefecture-
specific effects.2’

Our main empirical prediction is on lifespan, which can be
tested using individual firm-level data. Our OLS regression model
is as follows,

Lifespan;jy = BB + yXi + 8 + & + &ij, (1)

where Lifespan;;; is the number of years that a firm created in pre-
fecture i and sector j in year t survives, B;; is the per capita value of
bank capital in prefecture i in year ¢, X; are prefecture level control
variables, d; are sector fixed effects, and &; are year fixed effects.
Control variables for initial conditions include per capita income,
population, and urbanization level of the prefecture in 1874. In-
dustry fixed effects control for potential idiosyncratic differences
between four major sectors.?® Year fixed effects control for aggre-
gate shocks taking place in Japan during these years.

The sample coverage is firms born between 1880 and 1890,
since earlier banking data disaggregated by prefecture do not ex-
ist. That said, the year marking firm exit is not constrained to this
time range. We test the prediction that 8 < 0, meaning we expect
the lifespan of firms decreases with credit supply. This is because
prefectures with higher per capita samurai bond value would have
more bank capital, which was allocated to riskier firms on average
due to adverse selection. Separately, to account for potential endo-
geneity in bank capital, we instrument B;; with samurai bond value
per capita, S;, in the above specification, Eq. (1) and report both the
first stage F-statistic and coefficient on samurai bond value.

To test the firm entry and exit predictions (i.e., firm creation
and destruction), we use analogous regression specifications. These
specifications differ from that for lifespan in that the unit of anal-
ysis is the prefecture instead of individual firms. In addition, given
the limited number of entry and exit observations in our sample
and to conserve degrees of freedom, we use five-year periods in-
stead of individual years and include the latter as fixed effects. Pe-
riodization follows the historical evidence on economic cycles in
Japan: (i) pre-samurai bond conversion (1870-75), (ii) economic
boom after the samurai bond issuance (1876-80), (iii) the Mat-
sukata deflation (1881-85), and (iv) the recovery period typically
identified as the start of Japan’s industrialization (1886-90).2° The
analogous version of Eq. (1) is the following,

NijpZ,BBip+)/Xi+8j+8p+8,‘jp, (2)

27 Note that we transform all monetary values (i.e., bank capital, samurai bonds)
using an inverse hyperbolic sine. This allows us to retain the zero-bond value for
firms created before 1876 when the bond issuance occurred. The inverse hyperbolic
sine can be interpreted similarly to a logarithmic transformation, with changes to a
variable approximately percentage changes (Bellemare and Wichman, 2019).

28 Sectors include primary, manufacturing, finance, and services (retail, transport,
and other services).

29 See, for example, the gross national income estimates in Japan Statistical Asso-
ciation (1987, Table 13-3).
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Fig. 4. Stylized example of a firm genealogy.
Source: Onji and Tang (2017). Firm names are distinguished by n, changes in firm lifecycle are indicated by time t, and organizational type by f. Firm entry is based on first
appearance in a genealogy while exit is by a change in n or f. Longevity is measured as the change in t between entry and exit. See text for details.

where N;jjp, is the average number of firm entries or exits in pre-
fecture i, sector j, and period p.

Since both firm entry and exit are measured as count events,
instead of the OLS model for lifespan, we use a Poisson maxi-
mum likelihood estimation model.3° We also use the same con-
trol variables as above except with the substitution of period (&)
for year fixed effects. The empirical prediction for both firm cre-
ation and destruction is 8 > 0. We also report the estimates us-
ing our IV with samurai bond value per capita, S;. The rationale
is that with the bond issue, more entrepreneurs would have re-
ceived funds from banks but these firms were on average riskier
due to adverse selection. Moreover, differences in the distribution
of bonds would similarly apply to the amount of entrepreneurial
activity.

To add precision to our results, we separately estimate
Egs. (1) and (2) for the two main sectors of manufacturing and
services, which also includes retail and transport.>' As discussed
at the end of the previous section, we expect that the effects of
bank capital being amplified in the manufacturing sector given
its greater dependence on external finance. That is, for lifespan
BMfs  gServ and for both firm creation and destruction SM/8 ~

/35erv_

5.2. Data Sources and Measurement

Our firm data come from corporate genealogies that provide
some of the oldest existing evidence of firm establishment in
Japan. Collected by Japanese business historians from 1,089 cor-
porations listed in the Tokyo Stock Exchange in 1984, the ge-
nealogies contain over 14,000 unique entries of firm establish-
ment (Yagura and Ikushima, 1986). The qualitative nature of these
sources notwithstanding, there is information on the dates of firm
appearance, industry classification, ownership type and change,
and geographical location.>? Structured as firm-level observations,
these data provide a systematic way to examine firm dynamics at
the extensive margin, such as the number of new establishments
each year, the dates of their death or reorganization, and thus the
longevity of individual firms.

A stylized example of a firm genealogy is shown in Fig. 4. Given
that firms listed in genealogies are subject to survivorship bias,

30 For our exit regressions, we use a right-side truncated IV Poisson specification
since the number of exits cannot exceed the number of existing firms (i.e., incum-
bents) in a given industry or economy.

31 There are too few primary sector firms to generate statistically meaningful es-
timates. See Table 4 for summary statistics of our dataset.

32 We refer to each entry as a firm, although the definition of the business en-
terprise (e.g., sole proprietorship, partnership, and corporation) was not formalized

there may be selection by industry and viability. However, this is-
sue is partially mitigated by our research design since we com-
pare only outcomes for firms within our sample, all of which are
affected by this potential bias. An additional point is that the ge-
nealogies include both direct line parent firms that survive as well
as any unsuccessful firm whose assets were transferred to a surviv-
ing line firm (as well as their ancestor firms). We also note that the
firm observations used in this analysis, from the year 1870 to 1890,
have the least mechanical selection of survivorship since the num-
ber of firms increases over this period whereas for the genealogies
as whole the number decreases over time.

Earlier scholarship (Onji and Tang, 2017) has indicated that the
sample of firms in the genealogies is generally reliable in repre-
sentativeness and regional distribution, with a Pearson’s correla-
tion coefficient of 0.97 at less than 1 percent statistical significance
for non-financial corporations in the dataset and with national ag-
gregates when the latter are available.>3> More importantly, we use
these genealogical data since the 1876 commutation of samurai
stipends into government bonds precedes the availability of official
firm data starting in 1893. Another useful feature is that these firm
observations allow us to examine gross flows of entry and exit, un-
like studies that rely on periodic censuses.

A final characteristic of our dataset is that it includes all firms
by ownership type, including sole proprietorships, partnerships,
and corporations for a developing economy. Unlike other stud-
ies that focus on the behavior of corporations (e.g., Gregg and
Nafziger, 2019), which are generally better documented, our anal-
ysis does not select on firm size and thus can show how informal
enterprises without financial records may also respond to changes
in the economic environment such as shocks to credit supply and
institutional reform. This is particularly salient in a developing
economy context as credit availability is more constrained, which
disproportionately affects younger, smaller, and less efficient enter-
prises (Aghion et al., 2007). These smaller firms are more likely to
exit but are also responsible for a significant share of job growth
and economic dynamism (Brown et al., 2015).

Our analysis uses the sample of 440 firms that were estab-
lished between 1870 and 1890 in 42 prefectures across the coun-
try; their summary statistics on entry, exit, and lifespan are shown

until the promulgation of the 1893 Commercial Code; see Onji and Tang (2017) for
more information.

33 See Onji and Tang (2017) for a more detailed discussion of the dataset. These
data have been used to analyze the adoption of foreign technology in Japan
(Tang, 2011), the impact of tax reform on incorporation (Onji and Tang, 2017),
and the extensive growth of financial intermediation and modern industries
(Tang, 2013).
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Table 2
Firm summary statistics.
Total Primary Manufacturing Finance Services

Firm entry (N) 440 18 145 224 53
1870-75 43 4 20 10 9
1876-80 142 1 20 114 7
1881-85 122 7 38 64 13
1886-90 133 6 67 36 24
Firm exit (N) 84 0 46 31 7
1870-75 6 0 2 2 2
1876-80 12 0 6 4 2
1881-85 25 0 9 13 3
1886-90 41 0 29 12 0
Lifespan (year) 20.6 29.6 171 21.7 22.7
1870-75 18.9 33.8 17.2 13.3 22.7
1876-80 19.3 51.0 20.5 18.2 29.4
1881-85 23.1 30.9 17.2 25.0 26.4
1886-90 20.4 23.0 16.0 293 18.7

Source: authors’ calculations. Entry is defined as first appearance in a corporate ge-
nealogy; exit is a break in the lineage through a change in ownership, organiza-
tional form, liquidation, merger, or name; and lifespan is the difference between
entry and exit years. See text for more details.

in Table 2.3* We can further disaggregate our sample across four
major sectors: primary (18), manufacturing (145), finance (224),
and other services (53). For our regression analysis we exclude
firms that were established before 1880 to align with bank cap-
ital data availability and firms in Okinawa and Hokkaido, which
were colonial territories prior to the bond issuance. We include
firms located in prefectures that were not autonomous prior to
the 1876 bond issuance, using the per capita bond value for the
older, composite-level prefecture as shown in Table 1. Together,
this leaves 270 firms for our benchmark OLS, Poisson, and equiva-
lent IV regressions.

To clarify the definitions of entry and exit, we consider firm
entry as the first appearance of a firm in a corporate genealogy
(Onji and Tang, 2017); if there are multiple references to the same
firm across different genealogies, the earliest record is used. A firm
that merged with another is not considered a different firm if the
name remains the same, even if the ownership type or location
changes. A firm that changes name without any merger or acqui-
sition activity is still considered the same firm. For firms emerging
from merger activity and with a name change, the oldest firm par-
ticipating in the merger is considered the ancestor firm and con-
tinues that firm’s record and birthdate. Firm exit is when a firm is
merged into another firm and loses its identity or undergoes liqui-
dation with its assets transferred to another firm. Firm lifespan is
measured as the difference between exit and entry years.?”

As shown in Table 2, the number of new firm establishments
in our full period of analysis (1870-1890) conforms with our priors
about credit access. Both entry and exit increase significantly after
the 1876 bond issuance, but the largest relative change occurs for
entry in the five years after the bond issue. For exit, this is largest
during the macroeconomic contraction in the first half of the 1880s
(i.e., the Matsukata deflation). Lifespan is also lower for firms cre-
ated in the 1870s, which includes the years immediately following
the bond issue, and there is more heterogeneity in age by sector
than in the years before 1876 and after 1880. Fig. 5 shows a ker-
nel density plot of lifespan over the period of analysis. The average
firm in our sample lasted 20.8 years, similar in magnitude to the

34 The five excluded prefectures are Hokkaido, Kagawa, Miyazaki, Nara, and Oki-
nawa. Both Hokkaido and Okinawa were not considered part of Japan proper until
after the late 1870s, postdating the historic distribution of samurai, and the remain-
ing prefectures do not have firms recorded in the genealogies during this period.

35 See Onji and Tang (2017, data appendix) for a more detailed description of the
corporate genealogies used in this analysis.
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median age of 19 years.® Given this distribution, our results are
less likely to be driven by outlying observations.

Our financial data comprise three separate series: national bank
capital, total bank capital, and samurai bond value. Both bank cap-
ital series are annual (1880-1890) and were compiled from all pre-
fectures by the Cabinet Bureau of Statistics (Japan Statistical Asso-
ciation, 1962). The 1876 data on samurai bonds by prefecture were
recorded by the Japanese Ministry of Finance (1904). All three se-
ries are in nominal yen.

Since the bond value per capita variable is time invariant, we
are unable to include prefecture fixed effects. Thus, we control for
other observable differences with initial prefecture-level income
data (Fukao et al., 2015), demographic measures of population, and
a proxy of urbanization (i.e., population density by habitable land
gradient) (Japan Statistical Association, 1962). These variables also
partly address the issue of exogeneity of bond distribution across
regions. In principle, it may be the case that prefectures receiving
a greater credit supply shock were ex ante different in their levels
of economic activity and market access. Earlier studies (Tang, 2014;
Basco and Tang, 2020) indicate that initial income levels were not
associated with either the placement of the railway stations or the
per capita value received in bonds.?’

6. Empirical Results
6.1. Effect of Bank Capital on Lifespan

We first test the prediction that the lifespan of firms decreases
with bank capital. Table 3 reports the coefficients of Eq. (1) us-
ing the total bank capital and national bank capital series. The
top panel shows the estimates using the OLS regression model
while the bottom panel has the analogous IV specification. Our de-
pendent variable is the lifespan of a firm measured in years be-
tween its creation and destruction in a given prefecture between
the years 1880 and 1890. All specifications include year and sector
fixed effects, and robust standard errors are clustered by prefec-
ture.

As a first pass, we report in columns 1 and 3 the baseline co-
efficient on banking without adding the prefectural control vari-
ables for each bank capital series, respectively. We find that, con-
sistent with our theoretical motivation, the coefficient for bank
capital is negative and statistically significant in both capital se-
ries. The difference between the two bank capital series is that
while the impact of the samurai bond issuance should theoreti-
cally affect the entire banking sector, our estimates for national
banking are more precise since we have only direct estimates of
samurai ownership in these banks. Including the prefectural con-
trol variables in columns 2 and 4 does not change the sign and
both coefficients remain statistically significant. Thus, we interpret
this finding as indicating firms in prefectures with increased bank
capital are shorter lived.

Given possible endogeneity between bank capital and prefec-
tural demand, we use the samurai bond values from 1876 as an in-
strument for both bank capital series, shown in the bottom panel.
Before discussing the IV results, we graphically illustrate in Fig. 6

36 We separately estimate a pseudo-IV model that regresses firm lifespan on
samurai bond value per capita in Table A1 (Appendix A). This utilizes the entire
sample of firms between 1870 and 1890 and corroborates the results from our bank
capital regressions. Furthermore, while our baseline estimates for lifespan are based
on OLS, for robustness we report in Table A2 (Appendix A) our estimates using a
Poisson regression model since longevity can also be interpreted as a count variable
in years. Table A3 shows our results when we drop either the top 1 or 0.5 percent
of the distribution.

37 Fig. 2 also shows the geographical distribution of bond per capita in 1876 and
prefectural output per capita in 1874, which are not correlated at least to the ten
percent significance level.
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Fig. 5. Distribution of firm lifespan.
Source: authors’ calculations; see text for details. Lifespan is measured as years between entry and exit.
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Fig. 6. Samurai bond value and firm lifespan correspondence, by subperiod.

Source: authors’

the relationship between per capita bond value and firm lifespans.
These results, which we report in Table Al in Appendix A, are
from a pseudo-IV regression that directly substitutes per capita
samurai bond value for bank capital instead of in two stages.
As shown, samurai bond value varies by subperiod, with firms
in prefectures with higher per capita bond value having shorter
lifespans.8

The IV coefficients in Table 3 are larger than their OLS ana-
logues in absolute value, which may be correcting the downward
bias from the OLS specification. Adding in our prefectural control

38 The four subperiods are: (i) pre-bond issuance (1870-75), economic boom fol-
lowing the bond issuance (1876-80), (iii) Matsukata deflationary period (1881-85)
and (iv) recovery (1886-90).

10

calculations; see text for details. The ranges shown for each subperiod are at 95 percent confidence.

variables in columns 2 and 4, the coefficient on bank capital in-
creases in magnitude and remains negative and statistically signif-
icant. For both IV specifications, bank capital further increases in
magnitude and statistical significance compared to their OLS equiv-
alents and the F-statistic of joint significance increases with the
added control variables. Our test for weak instruments also indi-
cates that samurai bond value is highly relevant for the bank capi-
tal series.>® Quantitatively, according to our preferred specification
(bottom panel, column 2), the coefficient on bank capital per capita
shows that a 10 percent increase in total capital per capita trans-

39 Based on benchmark F-statistic thresholds in Stock and Yogo (2001).
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Table 3
Lifespan by banking capital, all sectors.
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Table 4
Lifespan by banking capital and sector.

DV: Firm lifespan

in years All bank capital National bank capital
OLS
Bank capital p.c. -1.306%* -1.748* -0.993* -1.633**
(0.626) (0.987) (0.552) (0.760)
Prefectural income 28.972* 29.826**
p.Cc. (14.666) (13.797)
Population 9.741** 10.035**
(4.422) (4.494)
Urbanization 2.049 2.142
(1.463) (1.446)
R-squared 0.121 0.164 0.118 0.163
F-statistic 4.35 3.78 3.20 4.83
Observations 270 270 270 270
v
Bank capital p.c. -2.472% -3.367*** -2.223* -2.988***
(1.162) (1.096) (1.039) (0.951)
Prefectural income 45.627*** 45.482%**
p.c. (12.699) (12.726)
Population 8.496* 9.163*
(4.657) (4.652)
Urbanization 1.472 1.699
(1.391) (1.370)
F-statistic 4,52 6.24 4,58 6.12
Observations 270 270 270 270
Samurai bond 0.927*** 0.724%** 1.0371*** 0.815%**
value p.c. (0.206) (0.084) (0.222) (0.086)
First-stage 20.13 73.861 21.50 89.93
F-statistic
Cragg-Donald 349.16 320.56 451.18 494.74

Weak Instrument
test

Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered
by prefectures in parentheses. Bank capital and samurai bond values are in nominal
yen, which we transform with an inverse hyperbolic sine function because the value
of bonds per capita was zero before 1876. All specifications include year and sector
fixed effects.

lates into a decrease in life by approximately one-third of a year or
1.6 percent for an average firm.*°

Since lifespans may vary depending on relative differences in
bond value, we show in Fig. 7 the evolution of firm lifespans be-
tween those in top (red) and bottom (blue) quartiles of prefectures
by bond value distribution. Consistent with our findings, firm in
prefectures with more samurai bonds (which had more banking
capital per capita during this period) had, on average, lower lifes-
pan than firms in prefecture with fewer samurai bonds (and bank-
ing capital).

As a robustness check, Table A4 in Appendix A reproduces the
same baseline estimates in Table 3 but excludes firms in the finan-
cial sector. These results check whether the increase in bank cap-
ital corresponded with overall firm activity as opposed to simply
a larger financial sector measured in firm numbers. The IV coeffi-
cients on bank capital are quantitatively smaller in absolute terms
but remain statistically significant. In particular, the coefficient in
our preferred specification (column 2, bottom panel) halves in
magnitude from -3.367 to -1.699. One interpretation of these re-
sults is that financial institutions were considered riskier enter-
prises compared to firms in other sectors and thus more prone to
fail or be sold. Excluding them from the analysis would lower the
average risk profile of the remaining firms in the sample and thus
the magnitude on the bank capital coefficient would commensu-
rately decrease.

40 Given the inverse hyperbolic sine transformation, changes to the bank capital
variable can be interpreted as approximate percentage changes. For a coefficient
of -3.367, a ten percent increase thus represents a decrease of 0.337 years. Since
the average lifespan of firms is 20.8 years, this is equivalent to a 1.6 percentage
decrease.

1

DV: Firm lifespan

in years All bank capital National bank capital
OLS I\% OLS \Y%
Manufacturing
Bank capital p.c. -1.751* -1.798** -1.706** -1.602**
(0.969) (0.846) (0.820) (0.745)
Prefectural income 43.842*** 44.313*** 45.248*** 44.082***
p.C. (11.967) (11.513) (12.080) (11.711)
Population 4.144 4.089 3.977 4115
(7.566) (7.497) (7.490) (7.426)
Urbanization 2.369* 2.350* 2.427* 2.469+*
(1.252) (1.221) (1.179) (1.173)
R-squared 0.152 0.153
F-statistic 6.05 6.69 6.51 6.84
Observations 111 111 111 111
Samurai bond 0.741*** 0.832***
value p.c. (0.066) (0.072)
First-stage 127.82 132.30
F-statistic
Cragg-Donald 212.75 278.62
Weak Instrument
test
Services
Bank capital p.c. -0.773 0.709 -0.163 0.650
(1.752) (2.458) (1.841) (2.250)
Prefectural income -50.681 -64.521 -56.367 -64.001
p.C. (37.391) (39.127) (39.830) (38.084)
Population 32.284* 33.630%** 32.840** 33.570%**
(13.955) (13.363) (14.058) (13.331)
Urbanization -0.773 0.118 -0.415 0.118
(3.079) (3.366) (3.254) (3.359)
R-squared 0.295 0.293
F-statistic 3.10 1.86 2.52 1.86
Observations 40 40 40 40
Samurai bond 0.752%** 0.8271***
value p.c. (0.141) (0.141)
First-stage 28.25 34.09
F-statistic
Cragg-Donald 28.33 32.61

Weak Instrument
test

Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered
by prefectures in parentheses. Bank capital and samurai bond values are in nomi-
nal yen, which we transform with an inverse hyperbolic sine function because the
value of bonds per capita was zero before 1876. All specifications include year fixed
effects.

To explore heterogenous impacts from credit on different sec-
tors given potential variance in external finance dependence, we
regress bank capital on firm lifespan for manufacturing and service
firms separately. Columns 1 and 2 in Table 4 show the results for
all bank capital per capita and columns 3 and 4 the results when
using national bank capital per capita. Per the earlier specifications,
we include year fixed effects. To ease the exposition, we only re-
port the regressions when including all control variables for both
the OLS and IV specifications.

In the top panel, the bank capital coefficients in both series are
negative and statistically significant for manufacturing firms. Quan-
titatively, this means that a 10 percent increase in bank capital per
capita decreases a firm’s lifespan between 58 and 66 days, or 0.9
and 1.0 percent.*! In contrast, the firm lifespan results in the bot-
tom panel for the services industry show that the coefficients on
bank capital are not statistically different from zero. The fact that
the effect of bank capital is exacerbated in the manufacturing sec-
tor is consistent with bank capital easing financial conditions of
financially constrained firms (Rajan and Zingales, 1998).

41 Based on an average lifespan of 17.2 years for manufacturing firms in our sam-
ple.
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Fig. 7. Firm lifespan, by bond quartile and starting year.
Source: authors’ calculations; see text for details.

Table 5
Firm entry by banking capital, all sectors.

DV: Number of
entries in prefecture

and period All bank capital National bank capital
Poisson
Bank capital p.c. 0.532%** 0.232** 0.511*** 0.182**
(0.037) (0.095) (0.033) (0.074)
Prefectural income 6.720"** 7.156%**
p.c. (1.904) (1.681)
Population 1.019+** 1.004*
(0.271) (0.263)
Urbanization -0.118** -0.137**
(0.056) (0.056)
Pseudo R-squared 0.179 0.246 0.175 0.241
Wald statistic 302.12 1194.32 495.27 1679.27
Observations 270 270 270 270
IV Poisson
Bank capital p.c. 0.414** 0.096* 0.375** 0.088*
(0.185) (0.051) (0.177) (0.048)
Prefectural income 8.301%** 8.329%**
p.Cc. (0.958) (0.965)
Population 0.998*** 0.993***
(0.252) (0.252)
Urbanization -0.153*** -0.158***
(0.055) (0.055)
Observations 270 270 270 270
Samurai bond value 0.472*** 0.273*** 0.641*** 0.358***
p.c. (0.148) (0.058) (0.165) (0.058)
First-stage Wald 270.32 588.89 535.57 776.87
statistic

Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered
by prefectures in parentheses. Bank capital and samurai bond values are in nomi-
nal yen, which we transform with an inverse hyperbolic sine function because the
value of bonds per capita was zero before 1876. All specifications include sector and
period fixed effects

6.2. Effect of Bank Capital on Firm Entry

Our next measure of firm dynamics is on firm entry, and
Table 5 reports the coefficients from running Eq. (2) that regresses
the number of new firms established in a prefecture for each sec-

12

tor and period on bank capital and other variables. Our specifica-
tions include sector and period fixed effects and the robust stan-
dard errors are clustered at the prefecture level.

The bank capital coefficient, as predicted in our theoretical mo-
tivation, is positive in all specifications. This suggests that firm en-
try is positively associated with bank capital availability. In the full
specification with all prefectural control variables the IV specifica-
tion, while statistically significant for both bank capital series, re-
duces in magnitude to 0.096 and 0.088, respectively. This may be
due to the lag between the introduction of samurai bonds in 1876
and the bank capital series starting in 1880, where financial market
development and divergence between prefectures may have ampli-
fied the effect of the bonds on entrepreneurship in some areas.*2
In relative terms, a 10 percent increase in bank capital per capita
for our preferred specification is associated with a 0.7 percent in-
crease in firm entry.*> Fig. 8 also suggests a positive correlation
between bank capital per capita and firm entry in both periods,
which would be consistent with the results in the table.

The sector-specific estimates shown in Table 6 provide some
nuance and explanation to the economy-wide results. In the top
panel for manufacturing firms, the coefficient on both bank capi-
tal series is positive and statistically significant for the Poisson and
IV Poisson specifications. In contrast, the bottom panel for service
firms shows a negative and statistically significant coefficient in
the IV Poisson specification. This decomposition of the economy
by sector indicates that entry behavior was highly heterogenous,
which is masked in the aggregate. Quantitatively, according to our
preferred specification for manufacturing (column 2), the coeffi-
cient of 0.178 means that a 10 percent increase in total bank capital

42 Table A5 in Appendix A provides analogous results to Table 5 when excluding fi-
nancial firms. The magnitude of the coefficients is similar, and we cannot reject the
hypothesis that they are the same. These results differ in that we have higher statis-
tical significance when excluding financial firms, which suggests that non-financial
firms experience a greater impact from additional bank capital.

43 This is calculated using the average number of firm entries by prefecture and
period of 1.430, where a 10 percent increase in total bank capital per capita corre-
spond with a 0.0096 increased entry, which is 0.7 percent of the average.
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Fig. 8. Histogram of bank capital and firm entry, by period.
Source: authors’ calculations; see text for details.

increases manufacturing firm entry by 0.6 percent.** The equiva-
lent for a service sector firm is a decrease in entry by 2.7 percent,
although the service sector results may be sensitive to the smaller
sample size.*> Thus, the results are consistent with the theoretical
prediction that the effect of bank capital availability is amplified in
sectors with greater external financial dependence (e.g., manufac-
turing vis-a-vis services).

6.3. Effect of Bank Capital on Firm Exit

We finally test whether bank capital abundant prefectures ex-
perience increased firm exit, and Table 7 reports the results from
running Eq. (2). The dependent variable is the number of firm ex-
its in a given prefecture, sector, and period. All specifications in-
clude sector and period fixed effects, and robust standard errors
are clustered at the prefecture level. The top panel reports the
results when using a Poisson regression model for both banking
series while the bottom panel uses a generalized method of mo-
ments (GMM) IV Poisson model to account for possible endogene-
ity.*6 An important difference with the entry regressions is that we
use a right-side truncated Poisson model in both panels since the
number of exits cannot exceed the total number of incumbents.
Thus we limit exits to the maximum number of existing firms in a
given prefecture, period, and when appropriate sector.

Consistent with our priors, the coefficient on bank capital is
positive and significant in specifications for both bank capital se-
ries and both regression models. Unlike in the lifespan regressions,
adding prefectural control variables reduces the bank capital coef-
ficients but does not affect statistical significance. Even more inter-
esting is that the added control variables are generally not statisti-

44 This is calculated using the average number of manufacturing firm entries of
1.894 per prefecture and period (i.e., a 10 percent increase in total bank capital per
capita represents a 0.018 increase in manufacturing firm entry, which is 0.9 percent
of total manufacturing firm entries).

45 This is calculated using the average number of service firm entries of 0.830 per
prefecture and period (i.e., a 10 percent increase in total bank capital per capita rep-
resents a 0.023 decrease in service firm entry, which is 2.7 percent of total service
firm entries).

46 Estimates from our Poisson regression specifications are also robust to using the
negative binomial distribution (not reported).
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cally significant, which suggests that bank capital availability is the
main determinant of firm exit.

The results from the IV model indicate that the increase in
bank capital via the issue of samurai bonds increased firm destruc-
tion. Quantitatively, according to our preferred specification (bot-
tom panel, column 2), the coefficient 1.742 means that a 10 percent
increase in total bank capital per capita translates into an average
61.1 percentage increase in firm exits.* This positive correlation
between prefectural bank capital per capita and firm exit can also
be seen in Fig. 9 in the two periods with bank capital data, where
the dots represent the prefectural averages.

Table 8 reports the effect of bank capital on firm exit for the
manufacturing sector. We cannot report the results for services be-
cause of small sample size. All specifications include period fixed
effects and all prefectural control variables. Similar to the results
for firm exit in all sectors, the coefficient of bank capital is posi-
tive and significant across both bank capital and estimation model
specifications. Quantitatively, a 10 percent increase in total bank
capital per capita (column 2) translates into an increase in man-
ufacturing firm exit of 23.9 percent.8 Although we cannot com-
pare the results of manufacturing with services, our estimates for
manufacturing firms are consistent with the predictions from our
theoretical motivation.

7. Discussion and Conclusion

Japan experienced an unexpected positive credit supply shock
when the government replaced the hereditary stipends of samu-
rai for government bonds in 1876. Samurai, who also lost all their
other privileges, had many incentives to use this money relatively
quickly to invest in existing firms, to create new firms, or to fund

47 This is calculated using the average number of firm exits of 0.285 per prefecture
and period (i.e., a 10 percent increase in total bank capital per capita represents a
0.174 increase in firm exit, which is 61.1 percent of total firm exits). In Table A6 in
Appendix A, we run the same specification for firm exits when financial firms are
excluded and obtain similar results.

48 This is calculated using the average number of manufacturing firm exits of
0.666 per prefecture and period (i.e., a 10 percent increase in total bank capital per
capita represents a 0.159 increase in manufacturing firm exit, which is 3.4 percent
of total manufacturing firm exits).
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Table 6
Firm entry by banking capital and sector. T‘able 7. . .
Firm exit by banking capital, all sectors.
All bank capital National bank capital DV: Number of exits in
DV: Number of prefecture and period  All bank capital National bank capital
entries per prefecture .
and period Poisson IV Poisson Poisson IV Poisson . Poisson
Bank capital p.c. 0.891*** 0.605*** 0.803*** 0.499***
Manufacturing (0.081) (0.138) (0.073) (0.106)
Bank capital p.c. 0.193*** 0.178*** 0.199*** 0.159*** Prefectural income p.c. 5.815* 6.292%*
(0.045) (0.023) (0.041) (0.021) (3.085) (2.798)
Prefectural income 12,711+ 12.860*** 12.417+** 12.820%** Population 0.915 0.886
p.c. (1.279) (1.053) (1.364) (1.035) (0.684) (0.663)
Population 1.188** 1.182** 1.188** 1.176%* Urbanization -0.133 -0.195
(0.493) (0.477) (0.490) (0.475) (0.173) (0.176)
Urbanization -0.162*** -0.168*** -0.174%* -0.185*** Pseudo R-squared 0.363 0.389 0.348 0.375
(0.060) (0.059) (0.058) (0.058) Wald statistic 477412 6325.29 7408.03 7176.08
Pseudo R-squared 0.521 0.731 Observations 270 270 270 270
Wald statistic 455.54 473.56 IV Poisson
Observations 66 66 66 66 Bank capital p.c. 2.046"** 1.742%== 1.603*** 1.423%*
Samurai bond value 0.283*** 0.382*** (0.207) (0.234) (0.162) (0.193)
p.c. (0.087) (0.065) Prefectural income p.c. 1.067 -0.298
First-stage Wald 278.88 370.61 (2.839) (2.986)
statistic Population 1.219** 1.273**
Services (0.612) (0.613)
Bank capital p.c. -0.092 -0.228*** -0.085 -0.205*** Urbanization 0.003 -0.079
(0.093) (0.050) (0.089) (0.042) (0.194) (0.186)
Prefectural income 8.511%** 9.826"** 8.477+** 9.669*** Observations 270 270 270 270
p.c. (1.681) (0.762) (1.650) (0.756) Samurai bond value 0.160%** 0.105%** 0.204*** 0.127%**
Population 0.113 0.068 0.112 0.067 p.c. (0.021) (0.009) (0.026) (0.008)
(0.313) (0.323) (0.309) (0.315) First-stage Wald 360.21 652.79 629.90 1404.1
Urbanization -0.090 -0.185* -0.084 -0.167* statistic
(0.096) (0.098) (0.096) (0.096) Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered
Pseudo R-squared 0.231 0.237 by prefectures in parentheses. Bank capital and samurai bond values are in nominal
Wald statistic 256.46 331.46 yen, which we transform with an inverse hyperbolic sine function because the value
Observations 53 53 53 53 of bonds per capita was zero before 1876. All specifications include sector and pe-
Samurai bond value 0.257++ 0.3257 riod fixed effects. Poisson and IV Poisson MLE are right truncated at the maximum
p-c. (0.053) (0.058) number of incumbents; see text for details.
First-stage Wald 380.75 495.55
statistic

Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered
by prefectures in parentheses. Bank capital and samurai bond values are in nominal
yen, which we transform with an inverse hyperbolic sine function because the value
of bonds per capita was zero before 1876. All specifications include period effects.
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Table 8
Firm exit by banking capital, manufacturing.

DV: Number of
exits per prefecture

and period All bank capital National bank capital
Poisson IV Poisson Poisson IV Poisson
Bank capital p.c. 0.521*** 1.591*** 0.518*** 1.390***
(0.171) (0.260) (0.142) (0.227)
Prefectural income  11.315*** 8.796%** 10.484*** 5.514%**
p.c. (2.449) (1.953) (2.515) (2.155)
Population 1.434* 2.036%** 1.462* 1.939**
(0.818) (0.768) (0.830) (0.768)
Urbanization -0.065 0.115 -0.103 0.005
(0.197) (0.2020) (0.186) (0.190)
Pseudo R-squared 0.498 0.501
Wald statistic 90.84 88.75
Observations 66 66 66 66
Samurai bond 0.120%** 0.137***
value p.c. (0.028) (0.015)
First-stage Wald 339.58 541.47
statistic

Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered
by prefectures in parentheses. Bank capital and samurai bond values are in nomi-
nal yen, which we transform with an inverse hyperbolic sine function because the
value of bonds per capita was zero before 1876. All specifications include period
effects. Poisson and IV Poisson MLE are right truncated at the maximum number of
incumbents; see text for details.

the nascent banking industry. In this paper, we examined the effect
of samurai bonds on the life cycle of firms through the banking
channel.

The theoretical motivation of our analysis, based on credit ra-
tioning models a la Stiglitz and Weiss (1981) and Mankiw (1986),
relies on two intermediate assumptions. First, we assume that the
issuance of samurai bonds increased bank capital, which is sup-
ported by the ownership shares in national banks by samurai. Sec-
ond, firms obtaining funds from the credit market are on aver-
age riskier, which we indirectly show through the results on lifes-
pan.*? The historical evidence suggests that the issuance of samu-
rai bonds was conducive to the creation of a credit market, which
enabled financial constrained entrepreneurs to obtain funds and
establish firms. Given these assumptions, we test three hypotheses.
First, the life expectancy of firms decreases with bank capital. Sec-
ond, bank capital-abundant prefectures experience more firm en-
try. Lastly, bank capital-abundant prefectures have more firm exit.
To identify exogenous differences in the availability of credit sup-
ply across prefectures, we instrument bank capital with samurai
bonds.

Our empirical findings follow from the predictions in the the-
oretical literature on credit rationing, adverse selection, and exter-
nal financing. In our sample, the lifespan of firms decreases with
bank capital and this effect is amplified in the manufacturing sec-
tor. We also find that prefectures abundant with bank capital had
increased firm exit and entry, with pronounced effects for man-
ufacturing. Taken together, our results indicate that banking was
plausibly the main channel through which samurai bonds affected
the economy.

Our analysis also underscores an important impact of the 1876
samurai bond issuance, which is that it appears to have facili-
tated Japan’s financial development. Channeled through the bank-
ing system that was adapted to utilize it, this credit injection in-
creased firm dynamism by helping to fund some riskier firms that
were relatively more fragile and thus shorter-lived, especially in

49 Appendix B provides some suggestive evidence that firms in the capital abun-
dant period were technologically more innovative and thus riskier.
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the manufacturing sector. In turn, this large credit supply shock
may have marked an inflection point for Japan’s modernization by
increasing aggregate savings to develop a financial system and gen-
erate entrepreneurial activity.

Whether this would have been possible without other reforms
taking place in the country, such as the early land reform for fis-
cal taxation, the adoption of a modern commercial code for in-
corporation, and the creation of personal and corporate income
taxes, is outside the scope of this paper but regional variation
in bank capital makes the bond issuance a likely factor (e.g.,
Kramer, 1953; Onji and Tang, 2017). Moreover, the importance of
state capacity to pursue and implement both fiscal and mone-
tary policies may explain differences between the historical experi-
ences of Japan and China or modern-day developing countries (e.g.,
Ma and Rubin, 2019). Large even by modern standards, the credit
supply shock early in Japan’s modernization may be instructive for
economies seeking a similar industrial transition.
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Appendix A: Additional regression tables

Table A1l
Pseudo-IV results for lifespan, all sectors.

DV: Firm lifespan in

years OLS Poisson
Bank capital p.c. -2.668*** -3.017+* -0.145*** -0.156***
(0.571) (0.533) (0.031) (0.022)

Prefectural income p.c. 22.499%** 1.118%*
(6.857) (0.287)

Population 6.089** 0.279**
(2.583) (0.112)

Urbanization 1.684* 0.076**
(0.954) (0.038)

R-squared 0.137 0.166

Pseudo R-squared 0.104 0.126

F-statistic 21.82 12.57

Wald statistic 6281.01 91876.75

Observations 440 440 440 440

Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered
by prefectures in parentheses. Bank capital and samurai bond values are in nomi-
nal yen, which we transform with an inverse hyperbolic sine function because the
value of bonds per capita was zero before 1876. All specifications include sector and
period fixed effects.
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Table A2

Poisson results for lifespan by bank capital, all sectors.

DV: Firm lifespan
in years

All bank capital

National bank capital

OLS

Bank capital p.c. -0.062** -0.089** -0.047* -0.089***
(0.029) (0.045) (0.026) (0.034)

Prefectural income 1.563** 1.672%**
p.c. (0.667) (0.634)
Population 0.412** 0.429**

(0.169) (0.172)
Urbanization 0.082 0.085

(0.055) (0.054)
Pseudo R-squared 0.094 0.126 0.092 0.127
Wald statistic 201.69 243.98 211.30 258.19
Observations 270 270 270 270

v
Bank capital p.c.  -0.135* -0.175%** -0.121* -0.155%**

(0.076) (0.051) (0.067) (0.043)

Prefectural income 2.386%** 2.380%**
p.Cc. (0.542) (0.537)
Population 0.349** 0.392**

(0.178) (0.177)
Urbanization 0.055 0.067

(0.052) (0.051)
Observations 270 270 270 270
Samurai bond 0.420%* 0.275%** 0.564*** 0.356%**
value p.c. (0.087) (0.024) (0.127) (0.032)
First-stage Wald 243.07 4130.28 987.03 6298.47

statistic

Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered

by prefectures in parentheses. Bank capital and samurai bond values are in nomi-
nal yen, which we transform with an inverse hyperbolic sine function because the
value of bonds per capita was zero before 1876. All specifications include sector and
period fixed effects.

Table A3

OLS results for lifespan by bank capital, excluding outliers.

DV: Firm lifespan
in years

All bank capital

National bank capital

Excluding top 1 percent outlier firms

Bank capital p.c.  -1.962* -2.776** -1.763* -2.465**
(1.081) (1.317) (0.965) (1.155)
Prefectural income 42.649** 42.579%*
p.Cc. (17.188) (17.163)
Population 6.059 6.596
(4.350) (4.307)
Urbanization 1.669 1.857
(1.458) (1.431)
Observations 267 267 267 267
Samurai bond 0.937#** 0.727+** 1.035%** 0.819%**
value p.c. (0.199) (0.082) (0.215) (0.084)
First-stage 21.79 79.03 23.23 95.97
F-statistic
Excluding top 0.5 percent outlier firms
Bank capital p.c. -1.915** -2.592** -1.721** -2.300**
(0.903) (1.114) (0.807) (0.976)
Prefectural income 36.745** 36.640**
p.c. (13.903) (13.977)
Population 6.732 7.238*
(4.063) (4.045)
Urbanization 1.587 1.762
(1.427) (1.403)
Observations 268 268 268 268
Samurai bond 0.929*** 0.724++* 1.034%* 0.817***
value p.c. (0.203) (0.084) (0.219) (0.086)
First-stage 20.89 73.55 22.30 89.57

F-statistic

Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered
by prefectures in parentheses. Bank capital and samurai bond values are in nomi-
nal yen, which we transform with an inverse hyperbolic sine function because the
value of bonds per capita was zero before 1876. All specifications include sector and
period fixed effects.
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Table A4

Lifespan by bank capital, excluding financial firms.
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DV: Firm lifespan
in years

All bank capital

National bank capital

OLS

Bank capital p.c. -1.288* -1.392* -1.177+ -1.299**
(0.657) (0.812) (0.573) (0.634)

Prefectural income 20.240%* 20.532**
p.C. (9.367) (8.521)
Population 9.624** 9.478**

(4.491) (4.364)
Urbanization 2.099* 2.154**

(1.116) (1.031)
R-squared 0.110 0.144 0.110 0.143
F-statistic 3.85 7.69 4.23 8.41
Observations 164 164 164 164

1%
Bank capital p.c. -1.741** -1.699*** -1.588*** -1.529***

(0.638) (0.579) (0.570) (0.511)

Prefectural income 23.262** 22.999+*
p.c. (9.333) (9.282)
Population 9.351** 9.232%*

(4.196) (4.094)
Urbanization 1.961* 2.053*

(1.053) (1.016)
F-statistic 7.43 6.57 7.76 6.91
Observations 164 164 164 164
Samurai bond 0.926*** 0.752*** 1.014*** 0.836%**
value p.c. (0.195) (0.071) (0.205) (0.075)
First-stage 22.52 111.99 24.53 125.65
F-statistic
Cragg-Donald 236.063 264.896 275.837 350.707

Weak Instrument

test

Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered
by prefectures in parentheses. Bank capital and samurai bond values are in nominal
yen, which we transform with an inverse hyperbolic sine function because the value
of bonds per capita was zero before 1876. All specifications include year and sector

fixed effects.

Table A5

Firm entry by bank capital, excluding financial firms.

DV: Number of
entries per
prefecture and
period

All bank capital

National bank capital

Poisson

Bank capital p.c. 0.548*** 0.090* 0.546*** 0.101*
(0.064) (0.051) (0.048) (0.053)

Prefectural income 11.084*** 10.838***
p.C. (1.320) (1.467)
Population 0.821** 0.827**

(0.374) (0.369)
Urbanization -0.223*** -0.224%**

(0.056) (0.056)
Pseudo R-squared 0.281 0.412 0.296 0.413
Wald statistic 244.07 697.85 550.11 1038.22
Observations 153 153 153 153

IV Poisson
Bank capital p.c. 0.468* 0.062** 0.409* 0.056**

(0.241) (0.027) (0.216) (0.024)

Prefectural income 11.361*** 11.356***
p.C. (0.968) (0.962)
Population 0.811** 0.809**

(0.364) (0.362)
Urbanization -0.234%** -0.240***

(0.057) (0.056)
Observations 153 153 153 153
Samurai bond 0.471*** 0.274*** 0.624*** 0.356%**
value p.c. (0.133) (0.049) (0.154) (0.051)
First-stage Wald 107.70 755.53 338.34 848.11

statistic

Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered
by prefectures in parentheses. Bank capital and samurai bond values are in nomi-
nal yen, which we transform with an inverse hyperbolic sine function because the
value of bonds per capita was zero before 1876. All specifications include sector and
period fixed effects.
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Table A6
Firm exit by banking capital, excluding finance firms.
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DV: Number of

exits All bank capital National bank capital
Poisson
Bank capital p.c.  0.968*** 0.540"** 0.924*** 0.516%**
(0.126) (0.127) (0.090) (0.097)
Prefectural income 11.161*** 10.587***
p.Cc. (2.206) (2.329)
Population 1.471* 1.482*
(0.797) (0.806)
Urbanization -0.053 -0.097
(0.195) (0.186)
Pseudo R-squared 0.488 0.570 0.504 0.570
Wald statistic 6352.09 8055.65 6851.22 7682.67
Observations 153 153 153 153
IV Poisson
Bank capital p.c. 2.350%** 1.747+** 1.862%** 1.427***
(0.315) (0.178) (0.250) (0.145)
Prefectural income 6.242"** 5.057**
p.c. (1.990) (2.041)
Population 1.871** 1.979%**
(0.752) (0.753)
Urbanization 0.186 0.080
(0.206) (0.197)
Observations 153 153 153 153
Samurai bond 0.155*** 0.101*** 0.195*** 0.124%**
value p.c. (0.021) (0.008) (0.027) (0.007)
First-stage Wald 162.88 661.96 282.41 1673.76
statistic

Significance: ***1 percent, **5 percent, *10 percent. Robust standard errors clustered
by prefectures in parentheses. Bank capital and samurai bond values are in nominal
yen, which we transform with an inverse hyperbolic sine function because the value
of bonds per capita was zero before 1876. Poisson and IV Poisson MLE are right
truncated at the maximum number of incumbents; see text for details.

Appendix B: Assessing firm risk profile

An indirect approach to identifying firm risk profile could be
through differences in the technology used by new firms across
sectors. Following Tang (2011), firm risk may be roughly prox-
ied by the relative newness of the technology used in each in-
dustry compared to production methods already in the market.
The earlier empirical analysis in the paper controls for major in-
dustry type (i.e., primary, secondary, tertiary), which is not pre-
cise enough to compare technologies in related, but different sec-
tors within a major industry. However, the genealogical firm data
provide enough information to assign industry classification codes
up to the four-digit level. If firms using a newer technology are
more likely to be established during periods of increased credit
availability, this would corroborate the mechanism that banks
with additional capital are willing to lend to riskier firms at the
margin.

We assign industry codes to firms using the 1987 Japanese
Standard Industrial Classification (JSIC) system based on the indus-
try identified in the firm’s original name. For example, the Kuri-
hara Ine Cotton Textile company, established in 1879, would be
assigned the JSIC three-digit code of 144: Woven Fabric Mill. Us-
ing the nested hierarchical nature of industry classification codes,
if Kurihara Ine is the first firm in the 144 category under the
two-digit 14 industry (Textile Mill, Unfinished Fabric) in Tokyo and
other woven fabric firms (e.g., Morita Filature in the three-digit in-
dustry 141: Silk Reeling Factory) are already producing locally, we
code Kurihara Ine as using new technology. If industry information
is unavailable, we use information in the genealogical annotations
or search historical records for the type of products produced by
the firm at the time of establishment. For our baseline, we con-
sider all industries with firms established before 1876 (pre-samurai
bond issue) in our sample as pre-existing technologies.
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Table B1
New industry establishment results.
1870-1880 1870-1885 1870-1890
Pearson’s
correlation
BondlIssue | 0.733*** 0.579*** 0.499%**
NewJSIC3 (0.000) (0.000) (0.000)
Observations 47 63 78
OLS regression
DV: NewJSIC3
Bondlssue 0.615*** 0.615*** 0.615%**
(0.085) (0.138) (0.121)
Adjusted R-squared 0.526 0.352 0.264
F-statistic 52.09 17.85 10.22
Observations 47 63 78

Significance: ***1 percent, **5 percent, *10 percent. Both Sidak and Bonferroni stan-
dard error corrections to the correlation analysis do not change the results. Standard
errors for the OLS regression model are in parentheses.

Within our sample of 440 firms, we were able to assign 322
with three-digit JSIC codes.”® Since our comparison is between
industries, not firms, we exclude firms that are simultaneously
in the same three-digit industry, prefecture, and five-year subpe-
riod, which leaves up to one three-digit industry per subperiod
and prefecture. For these remaining observations, we generate a
dummy variable NewJSIC3 coded as either O for a pre-existing in-
dustry or 1 for a new industry. This leaves 78 three-digit industries
spread across 11 prefectures. A second dummy variable, BondIssue,
is coded as O for the years before 1876 (pre-bond) or as 1 for the
years 1876 (post-bond) and after to indicate relative credit avail-
ability. Note that neither variable is indexed by prefecture, year, or
industry group given the small number of observations.

As shown in column 1 of Table B1, the pairwise correlation
coefficient for new industry appearance (NewJSIC3) and the issue
of samurai bonds (Bondlssue) in the years 1870 to 1880 is 0.733
at less than 1 percent statistical significance. When the following
five-year subperiod (column 2) and all subperiods in the sample
(column 3) are included, the coefficient decreases to 0.579 and
0.499, respectively, and is also at less than 1 percent significance.

Using an OLS model that regresses NewJSIC3 on BondIssue with
fixed effects for each of the subperiods, the results are qualita-
tively similar to those from the correlation analysis. This suggests
that new technologies as proxied by industry codes are associated
with firm establishment when credit was more widely available,
which is consistent with our assumption that the bond issue al-
lowed banks to lend to firms with riskier investment profiles.

References

Abelson, R., 2000. Pets.com, sock puppet’s home, will close. N.Y. Times 8. Novem-
ber URL: https://www.nytimes.com/2000/11/08/business/technology-petscom-
sock-puppet-s-home-will-close.html. Accessed 24 April 2020.

Adelino, M., Schoar, A., Severino, F., 2018. The role of housing and mortgage markets
in financial crisis. Annu. Rev. Financ. Econ. 10 (1), 25-41.

Aghion, P, Fally, T, Scarpetta, S., 2007. Credit constraints as a barrier to the entry
and post-entry growth of firms. Econ. Policy 22 (52), 731-779.

Allen, F, Gale, D., 1995. A welfare comparison of intermediaries in Germany and the
U.S. Eur. Econ. Rev. 39 (2), 179-209.

Banerjee A., E. Breza, R. Townsend, and D. Vera-Cossio (2019). "Access to credit and
productivity,” Inter-American Development Bank Discussion Paper, No. IDB-DP-
655.

Banerjee, A., Duflo, E., 2014. Do firms want to borrow more? testing credit con-
straints using a directed lending program. Rev. Econ. Stud. 81, 572-607.

Barrot, ].N., 2016. Trade credit and industry dynamics: evidence from trucking firms.
J. Finance 71 (5), 1975-2016.

50 At a lower level of industry disaggregation (i.e., two-digit codes), there is no
variation between subindustries while at higher levels (i.e., four-digit codes) many
more firms cannot be identified by industry. As in the analysis of firm dynamics in
the main text, we also exclude the five prefectures of Hokkaido, Kagawa, Miyazaki,
Nara, and Okinawa.


https://www.nytimes.com/2000/11/08/business/technology-petscom-sock-puppet-s-home-will-close.html
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0002
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0003
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0004
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0006
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0007

J.P. Tang and S. Basco

Basco, S., Tang, J.P,, 2020. The samurai bond: credit supply, market access and struc-
tural transformation in pre-war Japan. J. Econ. Hist. 80 (2), 457-500.

Beck, T., Demirguc-Kunt, A., 2006. Small and medium-size enterprises: access to
finance as a growth constraint. ]. Bank. Finan. 30, 2931-2943.

Bellemare, M.F, Wichman, CJ., 2019. Elasticities and the inverse hyperbolic sine
transformation. Oxf. Bulltein Econ. Stat. 82 (1), 50-61 February.

Bernanke, B., 1983. Non-monetary effects of the financial crisis in the propagation
of the great depression. Am. Econ. Rev. 73 (3), 257-276.

Basco, S., D. Lopez-Rodriguez, and E. Moral-Benito (2021): “House prices and misal-
location: the impact of the collateral channel on productivity,” Working Papers
2135, Banco de Espaiia.

Brown ].D, ].S. Earle, and Y. Morgulis (2015). “Job creation, small vs. large vs. young,
and the SBA.” IZA Discussion Paper Series, No. 9489, November.

Buera Francisco, J., Kaboski, JP., Shin, Y., 2015. Entrepreneurship and financial fric-
tions: a macro-development perspective. Ann. Rev. Econ. 7 (1), 409-436.

Caves, R., 1998. Industrial organization and new findings on the turnover and mo-
bility of firms. J. Econ. Lit. 36, 1947-1982.

Cullen, L.M., 2003. A History of Japan, 1582-1941. Cambridge University Press, Cam-
bridge.

Decker, R, Haltiwanger, J., Jarmin, R., Miranda, J., 2014. The role of entrpeneurship
in the US job creation and economic dynamism. J. Econ. Perspect. 28 (3), 3-24.

Demyanyk, Y., Hemert, 0.V., 2011. Understanding the subprime mortgage crisis. Rev.
Finan. Stud. 24 (6), 1848-1880.

Dunne, T, Roberts, M., Samuelson, L., 1988. Patterns of firm entry and exit in US
manufacturing industries. Rand J. Econ. 19 (4), 495-515.

Flath, D., 2014. The Japanese Economy, 3rd ed. Oxford University Press, Oxford.

Foster, L., Haltiwanger, J., Syverson, C., 2008. Reallocation, firm turnover, and ef-
ficiency: selection on productivity or profitability? Am. Econ. Rev. 98 (1),
394-425.

Freixas, X., Rochet, J.C., 2008. Microeconomics of Banking. MIT Press, Cambridge.

Fukao, K., Bassino, ].P., Makino, T., Papryzycki, R., Settsu, T., Takashima, M., Tokui, J.,
2015. Regional Inequality and Industrial Structure in Japan: 1874-2008. Maruzen
Publishing Company, Tokyo.

Gerschenkron, A., 1962. Economic Backwardness in Historical Perspective. Harvard
University Press, Cambridge.

Goldsmith, R., 1983. The Financial Development of Japan, 1868-1977. Yale University
Press, New Haven.

Gopinath, G., Kalemli-Ozcan, S., Karabarbounis, L., Villegas-Sanchez, C., 2017. Capital
allocation and productivity in South Europe. Q. J. Econ. 132 (4), 1915-1967.
Greenwood, ]., Jovanovic, B., 1990. Financial development, growth and the distribu-

tion of income. J. Polit. Econ. 98 (5), 1076-1107.

Gregg A. and S. Nafziger (2019). "The births, lives, and deaths of corporations in late
imperial Russia," mimeograph.

Harootunian, H., 1960. The economic rehabilitation of the samurai in the early Meiji
period. J. Asian Stud. 19 (4), 433-444.

Hoshi, T., Kashyap, A., 2001. Corporate Financing and Governance in Japan: The Road
to the Future. MIT Press, Cambridge.

Japan Statistical Association, 1962. Nihon Teikoku Tokei Nenkan [Statistical Yearbook
of the Japanese Empire]. Tokyo Ripurinto Shuppansha, Tokyo.

Japan Statistical Association, 1987. Nihon Choki Tokei Soran [Historical Statistics of
Japan]. Nihon Tokei Kyokai., Tokyo.

Japanese Ministry of Finance (1904). Meiji Zaiseishi [The Financial History of the
Meiji Period], volume 8, 1971 reprint. Tokyo: Yoshikawa Kokubunka.

Jiménez, G., Mian, A., Peydrd, J.L., Saurina, J., 2020. The real effects of the bank lend-
ing channel. . Monet. Econ. 115, 162-179 C.

Jorda O., B. Richter, M. Schularick, and AM. Taylor (2017). “Bank capital redux: sol-
vency, liquidity, and crisis,” NBER Working Paper Series, No. 23287.

Jorda, 0., Schularick, M., Taylor, AM., 2013. When credit bites back. . Money Credit
Bank. 45 (2), 3-28.

Kaboski, J.P., Townsend, RM., 2012. The impact of credit on village economies. Am.
Econ. J. Appl. Econ. 4 (2), 98-133 April.

Kaminsky, G.L., Schmukler, S.L., 2008. Short-run pain, long-run gain: financial liber-
alization and stock market cycles. Rev. Finan. 12 (2), 253-292.

Keys, BJ., Mukherjee, T., Seru, A., Vig, V., 2010. Did securitisation lead to lax screen-
ing? evidence from subprime loans 2001-2006. Q. J. Econ. 125 (1), 307-362.

18

Journal of Banking and Finance 154 (2023) 106937

Kinmouth, E.H., 1981. The Self-Made Man in Meiji Japanese Thought: From Samurai
to Salary Man. University of California Press, Berkeley.

Kramer, 1., 1953. Land reform and industrial development in Meiji Japan. Land Econ.
29 (4), 314-322.

Levine, R., Aghion, P, Durlauf, S., 2005. Finance and growth: theory and evidence.
In: Handbook of Economic Growth, 1. Elsevier, Amsterdam, pp. 865-934 chapter
12.

Loayza, N.V., Ranciere, R, 2006. Financial development, financial fragility, and
growth. . Money Credit Bank. 38 (4), 1051-1076.

Lockwood, W., 1954. The Economic Development of Japan, Growth and Structural
Change 1868-1938. Princeton University Press, Princeton.

Ma, D., 2019. Financial revolution in Republican China during 1900-37: a survey and
a new interpretation. Aust. Econ. Hist. Rev. 59 (3), 242-262.

Ma, D., Rubin, J., 2019. The paradox of power: principal-agent problems and ad-
ministrative capacity in imperial China (and other absolutist regimes). . Comp.
Econ. 47 (2), 277-294.

Mankiw, G., 1986. The allocation of credit and financial collapse. Q. J. Econ. 101 (3),
455-470.

Mendoza, E.G. and M.E. Terrones (2012). "An anatomy of credit booms and their
demise,” NBER Working Paper Series, No.18379.

Mian, A., Sufi, A., 2009. The consequences of mortgage credit expansion: evidence
from the u.s. mortgage default crisis. Q. J. Econ. 124 (4), 1449-1496.

Morikawa, H., 1992. Zaibatsu: The Rise and Fall of Family Enterprise Groups in
Japan. University of Tokyo Press, Tokyo.

Onji, K., Tang, JP,, 2017. Taxes and the choice of organizational form in late nine-
teenth century Japan. J. Econ. Hist. 77 (2), 440-472.

Paulson, A., Townsend, R., 2004. Entrepreneurship and financial constraints in Thai-
land. J. Corp. Finan. 10 (2), 229-262.

Rajan, R, Zingales, L., 1998. Financial dependence and growth. Am. Econ. Rev. 88
(1998), 559-586.

Richardson, G., 2007. Categories and causes of bank distress during the great de-
pression, 1929-1933: the illiquidity versus insolvency debate revisited. Explor.
Econ. Hist. 44 (4), 588-607.

Richardson, G., Horn, P.V.,, 2009. Intensified regulatory scrutiny and bank distress in
New York City during the great depression. J. Econ. Hist. 69 (2), 446-465.

Rousseau, P., 1999. Finance, investment, and growth in Meiji-era Japan. Jpn. World
Econ. 11, 185-198.

Schularick, M., Taylor, A.M., 2012. Credit booms gone bust: monetary policy, leverage
cycles, and financial crises, 1870-2008. Am. Econ. Rev. 102 (2), 1029-1061.

Schumpeter, ]., 1942. Capitalism, Socialism and Democracy. Routledge, London.

Shizume, M., Edvinsson, R., Jacobson, T, Waldenstrom, D, 2018. A history of the
Bank of Japan, 1882-2016. Sveriges Riksbank and the History of Central Bank-
ing. Cambridge University Press, Cambridge.

Shizume, M. and M. Tsurumi (2016). "Modernizing the financial system in Japan
during the 19th century: national banks in Japan in the context of free banking."
WINPEC Working Paper Series, No, E1607. Tokyo: Waseda Institute of Political
Economy.

Stiglitz, ].E., Weiss, A., 1981. Credit Rationing in Markets with Imperfect Information.
Am. Econ. Rev. 71 (3), 393-410.

Stock, J. and M. Yogo (2001). "Testing for weak instruments in linear IV regression.”
Identification and Inference for Econometric Models: Essays in Honor of Thomas
Rothenberg. Available at SSRN: https://ssrn.com/abstract=1734933.

Tang, ].P,, 2011. Technological leadership and late development: evidence from Meiji
Japan, 1868-1912. Econ. Hist. Rev. 64 (S1), 99-116.

Tang, J.P, 2013. Financial intermediation and late development in Meiji Japan,
1868-1912. Financ. Hist. Rev. 20 (2), 111-135.

Tang, J.P.,, 2014. Railroad expansion and industrialization: evidence from Meiji Japan.
J. Econ. Hist. 74 (3), 863-886.

Tomita, T. (2005). "Government bonds in the Meiji restoration period." NRI Papers,
No. 87. Tokyo: Nomura Research Institute.

Yagura, S., Ikushima, Y. 1986. Shuyo Kigyo no Keifuzu [Genealogical charts of
Japanese major corporations]. Yushodo Publishing, Tokyo.

Yamamura, K., 1967. The role of the samurai in the development of modern banking
in Japan. J. Econ. Hist. 27 (2), 198-220.


http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0009
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0010
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0011
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0012
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0014
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0015
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0016
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0017
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0018
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0019
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0020
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0021
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0022
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0023
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0024
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0025
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0026
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0027
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0029
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0030
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0031
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0032
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0034
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0036
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0037
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0038
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0039
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0040
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0041
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0042
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0043
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0044
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0045
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0046
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0047
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0049
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0050
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0051
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0052
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0053
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0054
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0055
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0056
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0057
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0058
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0059
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0061
https://ssrn.com/abstract=1734933
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0063
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0064
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0065
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0067
http://refhub.elsevier.com/S0378-4266(23)00142-5/sbref0068

	Banks, credit supply, and the life cycle of firms: Evidence from late nineteenth century Japan
	1 Introduction
	2 Related Literature
	3 Historical Background
	4 Theoretical Motivation
	5 Empirical Approach and Data Sources
	5.1 Empirical Strategy
	5.2 Data Sources and Measurement

	6 Empirical Results
	6.1 Effect of Bank Capital on Lifespan
	6.2 Effect of Bank Capital on Firm Entry
	6.3 Effect of Bank Capital on Firm Exit

	7 Discussion and Conclusion
	CRediT authorship contribution statement
	Acknowledgments
	Appendix A: Additional regression tables
	Appendix B: Assessing firm risk profile
	References


