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pre-WWII Japanese electricity industry when a competition authority did not yet
exist. We find that firms could enjoy cost synergies when merging with firms with
greater differences in production asset composition and/or reachable customers. Such
mergers resulted in increases in capital utilization and total output. However, the
sources of these cost synergies did not affect the merger decision of firms; instead,
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the merger incentive may not align with social welfare and thus policy intervention to
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1 Introduction

Economists in various fields, including financial economics, industrial organization, and
macroeconomics, have intensively studied why firms merge and how mergers affect the eco-
nomic value of firms and social welfare. However, although considerable attention has been
given to merger determinants and post-merger outcomes in the existing literature separately,
investigating them together is important as a means to design an appropriate merger reg-
ulation policy. This is because mergers and acquisitions (M&As) are important sources of
change in market structure and, depending on the aim of the firms involved, e.g., market
power or cost efficiency, mergers may have different consequences. However, the market
mechanism does not necessarily induce “compatible mergers,” i.e., mergers that create syn-
ergies as a joint entity, because firm incentives to merge may not necessarily align with
improvements in social welfare. This paper bridges these two strands of the literature by
identifying the merger patterns that contribute to improving social welfare and whether it
is possible for private firm incentives to attain these appropriate patterns. This enables us
to better design merger policies, including competition and bailout takeover policy.

To advance our understanding of mergers, we create a novel dataset from the merger
waves in the Japanese electricity industry in the early 20th century. A number of advantages
flow from the study of mergers in this particular industry and period. First, during this
period, there was no antitrust authority. In general, the study of mergers suffers from a
selection issue due to the regulatory approval process of antitrust agencies. We then only
observe approved mergers in the data, which may be more socially suitable. Ignoring this
endogeneity may result in biased estimates for the determinants and the effects of mergers.
Our dataset is free from such concerns. Second, a large number of mergers took place in
the given industry. One of the major limitations of existing studies is that mergers do not
occur very frequently within a given industry, and this usually restricts the framework for
analysis. Finally, very detailed plant- and firm-level data are available. During the period
in question, all electricity utility firms reported plant-level production activity and firm-
level assets, equipment, cost and revenue to the Japanese government, and the government
published these micro data in a statistical handbook every year. Combined, these advantages
allow us to implement the analysis.

We first investigate the post-merger effect on the production cost of electricity, total
output, capital utilization, and electricity prices. To this end, we define three potentially

important (pairwise) variables for both the acquirers and targets: (i) the difference in “tan-



gible asset” composition, (ii) the difference in “intangible asset” composition, and (iii) the
geographical overlap of the firms’ service areas. In the data, we observe two main inputs for
electricity supply, power generation capacity and distribution facilities, which we refer to as
“tangible assets,” and two different types of customers that firms could reach, households
(retail) and business customers, which we refer to as “intangible assets.” We expect that
production efficiency hinges on the composition of the tangible and intangible assets, and
thus cost synergies may arise through mergers by improving the asset composition as a joint
entity and/or by smoothing electricity demand over the day. Our estimation results confirm
that the cost reduction is greater when the difference in the tangible and intangible asset
compositions of the merged firms is larger. Conversely, geographical overlap does not exert
any significant effect on the production cost.

To reveal the mechanism that creates these cost synergies, we further consider the firms’
post-merger outputs and capital utilization rates. We find that mergers with a greater dif-
ference in asset composition are associated with higher total output and improvements in
capital utilization. These observations suggest, together with the finding above, that one of
the mechanisms creating cost synergies is the following. When a merger take place among
firms with different asset composition, firms are able to utilize their joint assets more effi-
ciently owing to the complementarities of assets, which translates into a decrease in produc-
tion costs and an increase in total production quantity. To distinguish the merger incentive
seeking for market power from the incentive seeking for cost synergies, we investigate how
electricity prices change after mergers. We find that the merger itself increases electricity
prices. At the same time, we also find that the cost synergies partially pass through to
electricity prices and, as a result, the pass-through effect generally cancels out the increase
in electricity prices.

We then investigate the merger patterns firms choose based on their own incentives. To
do this, we analyze the determinants of the firms’ choices of merger counterparts, which
allow us to understand those merger patterns chosen when firms maximized their economic
value. Using the data, we estimate a series of Probit models to analyze which of the pairwise
variables for acquirers and targets affect the likelihood of mergers. We find that firms are
more likely to merge when the degree of overlap in service areas increases. However, the
differences in the composition of tangible and intangible assets do not affect these merger
decisions. Combining the pre- and post-merger analyses, we conclude that a merger of firms
with different tangible and intangible assets tends to achieve cost synergy. However, private

firms tend to focus only on market competition and do not necessarily care about the sources



of cost synergy. In this regard, the merger pattern under private incentives may not perfectly
align with the socially desirable merger pattern because there may be a discrepancy between
them when the expected cost synergies are small. These results imply that merger review
by antitrust authorities is helpful for enhancing social welfare.

The paper relates to several strands of the extant literature. First, the analysis con-
tributes to the literature on the effects of mergers, which comprises a vast body of research;
a number of papers including Andrade, Mitchell and Stafford (2001), Ashenfelter, Hosken
and Weinberg (2014), and Kwoka (2014) provide useful reviews of the existing empirical
work. For the most part, event and profit studies dominate the literature with the possible
exception of some industries such as banking (Peristiani (1997), Focarelli and Panetta (2003)
and Allen, Clark and Houde (2014)), food plants (McGuckin and Nguyen (1995)), electricity
(Fabrizio, Rose and Wolfram (2007) and Kwoka and Pollitt (2010)), and healthcare (Harrison
(2011) and Dafny, Duggan and Ramanarayanan (2012)). Together, these studies document
how prices, production costs, and the quality of goods change following mergers.

In addition, several studies consider the plant- or facility-level effect of mergers, including
Braguinsky, Ohyama, Okazaki and Syverson (2015), Blonigen and Pierce (2016), and Eliason,
Heebsh, McDevitt and Roberts (2018). However, most of these do not analyze which of the
merger characteristics including the combination of acquirer and target characteristics drive
the cost efficiency. The only exceptions we are aware of are Ashenfelter, Hosken and Weinberg
(2015) and Miller and Weinberg (2017), both of which include the combination of production
facilities and distribution channels of the acquirer and target, and subsequently identify
that production reallocation creates cost synergies. We further extend these insights by
examining the cost data directly and exploiting the variation in mergers, whereas Ashenfelter,
Hosken and Weinberg (2015) and Miller and Weinberg (2017) infer cost synergies from price
data (along with the optimality of pricing) without the actual cost and the exploitation of
geographical variation in a single merger.

Second, we also contribute to the literature on merger determinants and value creation.
Why firms merge and how mergers create value are important questions, not only in indus-
trial organization, but in other fields such as corporate finance (Shleifer and Vishny (2003)
and Devos, Kadapakkam and Krishnamurthy (2009)) and macroeconomics (Jovanovic and
Rousseau (2002) and Jovanovic and Braguinsky (2004)), as well as several empirical studies
on the banking industry, such as Focarelli, Panetta and Salleo (2002). With recent devel-
opments in the structural approach to estimating matching models (e.g., Fox (2018)), some

studies estimate the merger value function as in Akkus, Cookson and Hortagsu (2016) and



Uetake and Watanabe (2019). However, these only examine firm merger decisions, not their
consequences. Indeed, only a few studies explicitly connect the determinants of mergers
and their outcomes. For instance, Cunningham, Ederer and Ma (2019) find that overlap in
the product space makes merger more likely, which further affects future R&D and product
development. To our knowledge, the current analysis is the first to analyze the connection
between merger determinants and market outcomes.

The remainder of the paper is organized as follows. Section 2 describes the historical
background of the Japanese electricity industry and the data used in the empirical analysis.
Section 3 presents the empirical models and estimation results. Section 4 provides some

policy implications and Section 5 concludes.

2 Industry Background and Data

2.1 Historical and Institutional Background

The Japanese electric utility industry commenced in 1883, with the founding of the Tokyo
Electric Light Co. (Tokyo Dento), followed by the entry of new firms in large cities such
as Tokyo, Osaka, and Kyoto in the late 1880s. Those companies generated, transmitted,
and distributed electricity to their retail customers, mainly to supply electricity for lighting,
and primarily by small-scale thermal power plants located close to their consumers. In the
1900s, the industry experienced rapid growth, both in terms of the number of firms and total
production, for two main reasons. There were (i) technological innovation in long-distance
transmission, which accelerated the entry of waterpower generators in rural areas, and (ii)
a sharp increase in the demand of business customers using electricity for driving motors
in factories, in addition to the demand of retail customers. Note that the peak demand
times differed between retail and business customers, with retail customers primarily using
electricity at night, whereas business customers used electricity more or less in the daytime
when their factories were operating (Hirasawa, 1927: pp. 226-244).

Panel (a) of Figure 1 plots the number of electric utility firms operating in Japan between
1903 and 1929, excluding those companies generating power only for private use, such as
railway companies. The industry is much less concentrated than in more recent years and it
is remarkable that in 1914, when the WWI broke out, there were as many as 560 separate
electric utility companies operating in Japan. Panel (b) of Figure 1 depicts power generation

capacity over the same period. As shown, in the early 1900s, the capacity of thermal power,



denoted by a dashed line, was much larger than that of waterpower, denoted by a dotted
line. However, this reversed by the early 1910s because of a sharp increase in waterpower
capacity. Subsequently, waterpower became the primary power source with thermal power
only as an auxiliary source until after WWI.

Given this rapid development of the electric utility industry, the Japanese government
started to prepare the legal framework for regulation. In 1896, it introduced a license system
and companies wanting to commence an electric utility business needed a license from the
government, specifying the service areas (Research Committee on Electric Utility Policy ed.,
1965: pp. 41-42) (Research Committee on Electric Utility Policy ed. 1965, pp. 41-42).!
It is notable that in managing the license system, the government accepted the overlap
of company service areas (Miyake, 1951: p. 36). In other words, the license system did
not imply the granting of a regional monopoly. Indeed, there was strong competition for
consumers between these electric utility companies with overlapping service areas. In 1932,
and after a revision to the law, the government obtained wide-ranging authority over the
industry, including price approval. This is the reason why we focus on the period up until
1930 in this analysis.

There was also a very active market for M&A activities during this period. Figure
2 depicts the number of M&As over time. During the period we examine, no antitrust
law or agency prevented mergers, and firms could engage in M&A activity without fear of
government intervention. There was a particularly large spike in the number of M&As in
1921 and 1922, and a substantial number of M&As followed. These merger waves began
partly because the Japanese Ministry of Communications urged companies to engage M& As
as a means to increase the scale of their firms and to make utilization of power plants more
efficient by coordinating plant operation (Miyake, 1951: pp. 42-43). Owing to this wave of
M&A activity, the number of individual electric utility companies operating in Japan declined

substantially in the 1920s, and the degree of industry concentration increased markedly.

2.2 Data Sources and Descriptive Statistics

Our primary data sources are from the various issues of the Handbook of Electric Utility
Industry (Denki Jigyo Yoran), edited by the Ministry of Communications and first published
in 1908 (for the 1907 issue), and the handbook continued to be published every year after-

More formally, the Ministry of Communications legislated the Ordinance for Controlling Electric Utility
Industry.



wards.? This handbook contains very detailed firm-, plant-, and even equipment-level data.
From this source, we construct the dataset for 1914, 1918, 1922, 1926 and 1930. We select
there years because during this period, there were a large number of electric utility companies
and many M&As took place, which enables us to quantitatively analyze determinants both
the determinants and the implications of these M&As. In addition, according to the Elec-
tric Utility Industry Law revised in 1932, the government imposed substantial regulations
after the revision. Hence, the period before 1932 is desirable in the context of this analysis.
The data we use (with the level in parentheses) are: the capacity of the power generator
(equipment), the distance to the power transmission line (firm), the quantity of generated
power and the capacity utilization rate (plant), service area (firm-county), expenditure and
its breakdown (firm), revenue and its breakdown (firm), and financial data (firm). In ad-
dition, we use the data on M&As. All the M&As and the participant firms in the electric
utility industry are recorded in the handbook for each year. We compiled a complete list of
those M&As that took place from 1917 to 1930 using all the handbook issues.

The data are from various sections of the handbook. As the list of firms covered in each
section differs slightly, we first separately collect and then merge the data for each section. We
drop observations if relevant information is missing.® More specifically, to perform compre-
hensive firm-level analysis, we drop observations if there are one or more missing observations
for capacity, transmission line distance, output, electricity-related variable expense, revenue
from retail /business customers, and service area. Note that electricity-related variable ex-
pense includes the costs of maintaining both power plants transmission and distribution lines.
However, we exclude fixed costs such as the construction cost of power plants and costs asso-
ciated with extending the distribution and transmission lines. In addition, note that service
area is at the municipality level. In the data, firms report the name of the municipality to
which they supply electricity. The measurement units for capacity, sending line distance,
output, and cost/revenue are kilowatts (kW), kilometers (km), megawatt hours (MWh),
and one thousand Japanese yen, respectively. Throughout the paper, t € T = {1,2,3,4,5}
denotes the sample years, corresponding to 1914, 1918, 1922, 1926, and 1930, respectively.

Panel (A) of Table 1 lists the firm-level variables in the data. During the sample period,

2From the 1907 to the 1910 issue, the Communication Bureau of the Ministry of Communications edited
the handbook; from the 1911 issue onward, the Electricity Bureau of the Ministry of Communications, newly
founded to administer the electric utility industry, was responsible for its editing.

3The number of firms reported in Figure 1 in 1914, 1918, 1922, 1926, and 1930 are 437, 556, 647, 633, and
583 firms, respectively. In terms of the number of firms, there is a large amount of missing data. However,
in terms of capacity, the data cover about 88% of the industry. This is because small firms are more likely
to be missing from one or more sections of the handbook.
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there were a large number of firms with a great dispersion in firm size, which results in
large standard deviations compared with their means. Most firms owned multiple plants
and supply electricity in multiple service areas. Note that we report revenue from retail
customers and business customers separately, and we can see that business customer revenue
has grown much more rapidly than that of retail customers. In addition, the tenth row reports
the number of firms in a given municipality. On average, more than two firms compete in
a given service area. Unfortunately, while the capacity and output data are plant level, the
municipality or prefecture supply is not available.

Panel (B) of Table 1 lists the variables associated with mergers. The first row shows
the number of mergers that occurred between the previous period and the current period,
i.e., there were 25 mergers between 1917 and 1918, 232 mergers between 1919 and 1922,
157 mergers between 1923 and 1926, and 142 mergers between 1927 and 1930. However,
we are unable to match all relevant information with these observed mergers. Similar to
above, we drop some observations if there are one or more missing observations for capacity,
transmission line distance, electricity-related expense, revenue from retail customers, revenue
from business customers, or service area, in order to perform comprehensive analysis.* The
numbers of acquirers and targets indicate the number of firms remaining in our sample. As
shown, the matching rate for targets is significantly worse than that for acquirers. This is
because the coverage of the merger section in the handbook is more detailed than in the
other sections and includes small firms that never appear in other sections. One immediate
observation from the panel is that acquirers are significantly larger than the average firm

and targets are significantly smaller across all dimensions.

3 Empirical Analysis

The goal of our empirical analysis is twofold. First, in Section 3.1, we examine which merger
characteristics—the pairs of acquirer and target characteristics—affect post-merger behavior
and market outcomes. In particular, we are interested in identifying which merger character-
istics create cost synergies and thus potentially lead to changes in prices. Second, in Section
3.2 we investigate the firm merger decision by examining how these merger determinants

affect the likelihood of mergers.

4Note that as we do not use output data in the analysis in Section 3.2, the criteria for removing obser-
vations are slightly weaker than suggested above. The reported output data in Panel (B) of Table 1 are
only for firms for which we are able to match output data and therefore come only from a subset of firms
compared with other variables reported in the same table.



We must again emphasize that our dataset is ideal for studying these questions for three
reasons. A first advantage is that during the period of our study, no antitrust authorities or
antitrust laws existed that would serve to prevent merger. Typically, with the presence of an
antitrust authority, we would observe only approved mergers, and this would clearly create
biases in the estimation of merger determinants, as the merger review process would depend
on the combination of firm characteristics. In addition, any approved mergers would tend by
their nature to be more socially desirable, and this could create biases in the estimation of
the post-merger effects. We will discuss these issues more in Section 3.1. A second advantage
of our dataset is that we observe a relatively large number of mergers. With the possible
exception of a few industries, mergers do not occur frequently and thus the framework for
analysis could be limited. Lastly, the data contain detailed firm- and plan-level variables.
In some industries, the only available data are firm-level balance sheet information and/or
stock prices. Without detailed production and pricing data, identifying the mechanisms for

any post-merger effects would be very challenging.

3.1 Do Mergers Affect Post-Merger Outcomes?

In this section, we examine which merger characteristics affect post-merger production cost,
electricity prices, total output, and asset utilization. We first consider the production cost of
electricity to identify which merger characteristics induce cost synergies. Then, we examine
the effect of merger characteristics on prices. Finally, we investigate total output and the
asset utilization pattern of firms to reveal the mechanism through which firms create cost
synergies.

Throughout this subsection, we employ an empirical framework similar to the difference-
in-differences estimator to quantify how mergers affect costs, prices, total outputs, and asset

utilization. The specification is as follows:
Alnyy = Bo + ¢dy + dymip’ + AlnaxyB' + €,

where Alny;; = Iny; —Iny;,—y and Alnx;; = Inx;, — Inx,; ;1 are the first differences in
logarithms of the dependent variable and the logarithm of a vector of firm characteristics,
dir, “Merger Dummy,” is an indicator variable that takes a value of one if firm ¢ experiences
any merger in year t' € [t — 1,¢) in the data and zero otherwise, m;; is a vector of merger

characteristics that firm ¢ experiences during the interval of [t —1,¢), and €; is an error term



assumed to be independent.’

For m;;, we include three variables, motivated by existing studies and the institutional
features of our chosen industry. First, we specify “Total Overlap Fraction,” which reflects
the fraction of overlapping service areas between an acquirer and its targets and follows
Akkus, Cookson and Hortagsu (2016). The merged firms may be able to reallocate their
production or benefit from economies of scale when acquirers and targets overlap in their
operating markets, and the purpose of Total Ouverlap Fraction is to capture these effects.

Formally, Total Overlap Fraction is defined as follows:

Total Overlap Fraction,, = 2o Tmit i :
’ Yo Imii—1 + > Imiri—1
where I,,,;; is an indicator function that takes a value of one if firm ¢ operates in market m
in year ¢t and zero otherwise. For example, when firm ¢ operates in four markets, A, B, C,
and D, and firm j operates in three markets, A, B, and E, with two overlapping markets A
and B, then the variable takes a value of 2/(443) when firm ¢ and j merge. Note that when
a firm acquires multiple firms, we combine the markets of all targets as the target markets.

In addition, we include two more variables, “Difference in Tangible Assets” and “Differ-
ence in Intangible Assets,” which aim to capture the differences in the pre- and post-merger
asset compositions. In terms of tangible assets, generation capacity and distribution facilities
are the two main assets in the electricity industry. To enhance productivity, it is important
to have a good composition of both types of assets, and via mergers, firms may improve
their asset composition. Thus, to capture the efficiency gain from mergers, we first define
Tangible Assets Composition as a ratio of “the total power generating capacity” to “the total
length of transmission line” and Difference in Tangible Assets as the pro forma difference in
tangible assets composition. Similarly, we use reachable customers as a representative proxy
variable for intangible assets.

As discussed, there are two types of customers in the electricity industry during this
period; retail customers demanding electricity at night and business customers demanding

electricity during the day. Consider a waterpower plant that can continuously produce

SWe use a merger that occurred during [t — 1,¢) to construct the merger characteristics at time t. This is
because in the data, the reporting of the outcome variables is typically at the joint entity level for the year
following a merger. For example, if ¢ and j merge in the middle of 1920, the variables are reported separately
for ¢ and j in 1920 and jointly from 1921 onward.

6Indeed, we know that a firm’s ability to reach customers contributes to an increase in firm value. Firm
customers are important considerations when calculating the financial value of firms in M&As. See Gupta,
Lehmann and Stuart (2004), for example, for the quantitative analysis of the value of customers.
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electricity throughout the day. If this firm can only reach retail customers, any production
capacity during the day may go unused. However, merging with firms with different customer
compositions may allow firms to smooth electricity demand, and this may increase their
efficiency. To capture this aspect, we formally define Intangible Assets Composition as the
fraction of the firm’s revenue from business customers to the total revenue. Difference in
Intangible Assets is the pro forma difference in intangible assets composition. We discuss
the details of this variable construction, together with Difference in Tangible Assets, later
in this section.

There are four important notes. First, the parameters of interest are the vector of p
rather than ¢. As mergers are endogenously determined, without exogenous variation in
the merger incentives, it is difficult to identify ¢. Thus, our objective here is to examine
the effects of merger characteristics on outcomes by comparing outcomes among merged
firms, not among the set of merged firms and the set of firms that do not experience merger.
Second, related to this, the absence of an antitrust authority is important to identify p. To

clarify, suppose that the change in prices is determined by the following specification:
Alnpy = o + ¢diy + dymp’ + Alnax, B + €,

and the antitrust authority approves mergers only as long as they do not increase prices,
i.e., dy = 1 only if Alnp; < 0. This selective approval process naturally induces biases in ¢
and .

Third, we construct the first differences in the variables as follows. For firms that do not
experience mergers, we take the simple first differences. For firms that experience merger,
when firm ¢ acquires any firm in year t' € [t — 1,t), we calculate the difference using firm i’s
current value of the variable minus the sum of all merged firms’ value of the variable in the

previous period. For example, if firm 7 acquires firm j, we compute the difference by

Alny; =Inyy —In(yi—1 +yj-1) -

For the asset composition variables, we compute the differences using

‘ ‘ , Cit—1 Cit—1 + > icrar, Cjt—1
Difference in Tangible Assets;, = — J= it ,
! LDy LDjy1+ 3 icrar, LDji—1

BCZ'_ BC@— + icTar: BC—
Difference in Intangible Assets;, = TRt L TRt ! n gJET B TRJt ! ,
it—1 it—1 jeTary, L 1tjt—1
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where Cj; and LD;; respectively denote the capacity and the line distance of firm ¢ in year
t, BCy and TR;; denote the revenue from business customers and total revenue (the sum
of revenues from business and retail customers) for firm ¢ in year ¢, respectively, and Tar;
denotes the set of firms that ¢ has acquired between [t — 1,¢). For both variables, if firms
acquire other firms with larger differences in asset composition, the absolute value the vari-
ables becomes larger. For example, when firm ¢ with a capacity of 10 and a line distance of
20 acquires firm j with a capacity of 5 and a distance of 5, the tangible asset composition
changes by |35 — 5572| = 10.5 — 0.6 = 0.1.7

Finally, we employ one-period differences in the analysis. In the literature, the results
suggest the effects of mergers take time to realize. For example, Focarelli and Panetta (2003)
find that the short- and long-run effects of mergers on prices are qualitatively different while
Eliason, Heebsh, McDevitt and Roberts (2018) demonstrate that acquired facilities only
gradually change and it takes about six months to realize fully the effects of a merger. In
our context, what we measure are the long-run effects of mergers, because a one-period

difference actually corresponds to a four-years difference.

3.1.1 Unit Production Cost

To examine whether there are any cost synergies associated with mergers, we first regress
the difference in the logarithm of unit production cost on d;, d;;my;, Alnax; and other
controls. By doing so, we aim to identify the firm and merger characteristics that create
cost synergies. Here, unit production cost is the electricity-related variable expense divided
by total output, intended to capture average variable cost.® To better interpret the results,
we normalize m,; so that all variables have a standard deviation of one. By doing so, we
can interpret the estimated coefficients as the difference in outcome from a one-standard
deviation difference in the independent variable. In addition, throughout this subsection,
we include other controls, including the constant and the yearly and prefecture-level service
area fixed effects.

Table 2 presents the results. We adopt several specifications with and without m;; and

7 Similarly, when firm i with revenue of 10 from business customers and revenue of 20 from retail customers
acquires firm j with revenue of 5 from business customers and revenue of 5 from retail customers, the tangible
asset composition changes by |30 — % =0.5—0.6] =0.1.

81deally, we would prefer to quantify separately the effects of mergers on fixed and marginal costs. How-
ever, as the economic and accounting concepts of cost differ, it is difficult to define accurately the marginal
cost using the expense data. However, given that the electricity-related variable expense includes the main-
tenance costs that have both fixed and marginal cost components, we expect this would be a mix of some

fixed and some marginal costs.
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Alnx;. To observe the effects of mergers and their characteristics, we estimate three models
(i), (ii), and (iii) without Alnax;. To explicitly control for each firm’s own investment, we
estimate another three models (iv), (v), and (vi) with Alna;. The first and fourth columns
provide the results without the detailed merger characteristics, m;;; the other columns pro-
vide the results with the detailed merger characteristics, partially as in models (ii) and (v)
or fully as in models (iii) and (vi).

In all models, the coefficients on Merger Dummy are not statistically significant, although
the signs change when we add detailed merger characteristics. Also, in specifications (iv) to
(vi) with Alnx;, the coefficients on the difference in capacity, A In(Capacity), are statisti-
cally significantly negative, which suggests that there are economies of scale in production.
The estimated coefficients on m;; are consistent across all specification, with statistically
insignificant coefficients on Total Overlap Fraction and statistically significantly negative
coefficients on both Difference in Tangible Assets and Difference in Intangible Assets. These
results imply that merging with a firm that has many overlapping service areas does not lead
to cost synergies, whereas merging with a firm that has larger differences in tangible and/or
intangible asset compositions lowers production costs. As noted, this may arise because the
merged firm is able to smooth their production by utilizing different types of assets after
merger. Note that existing studies often document that a merger itself reduces production
costs. However, our results suggest that mergers do not create cost synergies per se. In
particular, when looking at the coefficients on the merger dummy, ¢, none of the speci-
fications exhibit statistically significant effects, indicating that there are no cost synergies
arising from mergers. Instead, cost synergies appear to come from merger characteristics,
i.e., cost synergies arise when firms with different asset compositions merge. Therefore, for

2

mergers to be socially desirable, which we call “compatible mergers,” it is important to have

appropriate pairs of firms.

3.1.2 Post-Merger Changes in Prices

We now turn to investigate how mergers affect electricity prices. To this end, we use the
same empirical specifications as in the previous analysis, replacing the unit production cost
with the average price of electricity, as well as adding the difference in the average number
of firms, AAvg # of Firms,, as an additional independent variable, to control for the effects

of competition intensity on prices. Formally, we define the average price of electricity as
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electricity-related revenue divided by total output and AAwvg # of Firms;, as
AAvg # of Firms, = Avg # of Firms;, — Avg # of Firms;, 4,

where Avg # of Firms,, is calculated by counting the number of firms in each county where
firm ¢ operates at time t and calculating its average.

Table 3 presents the estimation results, which are qualitatively similar to Table 2. There
are four important observations in this table. First, the estimated coefficients on Merger
Dummy vary across specifications. In the first and fourth columns, the estimated coefficients
are very close to zero. When adding more variables as in specifications (ii) and (v), however,
the estimated coefficients become larger. In the full specification as in specifications (iii)
and (vi), even the coefficients are estimated to be statistically significantly positive. These
observations enable us to infer that even though the merged firms do not seem to increase
electricity prices on average in specifications (i) and (iv), it does not necessarily mean that the
mergers have no effects on pricing. In fact, we can see that the mergers themselves increase
prices significantly, both statistically and economically, as in specifications (iii) and (vi). At
the same time, the estimated coefficients for Difference in Tangible Assets and Difference in
Intangible Assets are statistically significantly negative. Thus, although a merger increases
the price, when a merger occurs between firms with large differences in asset composition,
the overall price may decrease owing to the cost synergies arising from Difference in Tangible
Assets and Difference in Intangible Assets.

Second, another important observation concerns the quantitative differences between
Tables 2 and 3. When we compare the coefficients for Difference in Tangible Assets and
Difference in Intangible Assets, the absolute values are always greater in Table 2 than in
Table 3, which suggests that cost synergies arise when merged firms have different asset
compositions and the cost synergies translate into price reductions. However, by comparing
the magnitude of these coefficients, we can see that it does not fully pass through to the
price.

Third, even though we expect the coefficients on AAvg # of Firms,, to be negative, the
results show that they are not statistically different from zero. Standard economic theory
tells us that when there is a merger, the intensity of competition decreases, which leads to
an increase in prices. However, our results do not support this argument. This discrepancy
may be because we do not have a good measure of prices. Ideally, if we were to observe data

on prices in each county, we could compare the prices within a firm across the county to
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discern the effects of the change in competition intensity. However, the aggregation of our
price data is at the firm level. Therefore, we need to use the average number of firms instead
of the number of firms in each county, which makes it difficult to obtain a precise estimate
for the effects of competition intensity.

Lastly, the estimated coefficients on A ln (Capacity),, and Aln (Line Distance),, also sug-
gest important implications. As shown in Table 2 there may be economies of scale. When we
compare the estimates of the coefficient for A In (Capacity),, in Tables 2 and 3, the absolute
value is always larger in Table 2. As discussed, this also suggests that the reductions in
cost pass through to the price, but not fully. Another interesting comparison concerns the
in Tables 2 and 3. The coefficient is
not statistically significant in Table 2, suggesting that extending the distance to the trans-

estimates of the coefficient for Aln (Line Distance),,
mission line creates fixed costs, but does not increase or decrease variable costs. Conversely,
from the viewpoint of revenue, the estimated coefficient for A In (Line Dist.),, is positive and
statistically significant in Table 3. These observations imply that firms may perhaps extend

their transmission lines to reach out to customers with a higher willingness to pay.

3.1.3 Total Output and Capital Utilization Rates

Although Table 2 provides evidence concerning the source of cost synergies, it is silent about
the mechanism creating these cost synergies. To reveal the mechanism, we investigate further
the total output, capacity utilization, and transmission line utilization for the firms in Tables
4,5 and 6, respectively. All tables presents the estimation results with the same specifications
as in Table 2, except for the dependent variable. Now the dependent variables in Tables 4, 5,
and 6 are now the differences in the logarithms of total output, the capacity utilization rate,
and the transmission line utilization rate, respectively. Here, we define the rates of capacity
and transmission utilization as the fraction of total electricity production to the capacity of
power generation and the distance of the power transmission line, respectively. Those two
variables should capture how intensively power generation capacity and power transmission
line are used.

Table 4 presents the results for total output. When looking at specification (iv), the
estimated coefficient on Merger Dummy is positive and statistically significant, which may
be interpreted as merged firms increase total output. However, as we add more detailed
merger characteristics variables, m;;, the significance disappears and the sign even changes,
suggesting that mergers themselves do not contribute to the increase in output, rather some

other merger characteristics drive the increase in output. We support this hypothesis by
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the fact that both coefficients on Difference in Tangible Assets and Difference in Intangible
Assets are positive and statistically significant.

Taken together with Table 2, these results suggest that the complementarity of assets
is the source of the cost synergies, thereby providing insights into the mechanism of cost
synergy creation. Consider a firm with a large production capacity but a relatively short
transmission line. This firm may be unable to utilize its production capacity efficiently
because its relatively short transmission lines may constrain its ability to supply electricity to
customers. However, if this firm merges with one with long transmission lines but relatively
small production capacity, the merged firm would be able to utilize both its production
capacity and transmission lines more efficiently. As a result, firms may be able to increase
output by lowering their production cost.

To confirm this hypothesis, we now replace total output with the utilization rates of
capacity and transmission lines. Table Hdetails the results for the capacity utilization rate
and Table 6 provides the results for the transmission line utilization rate. Note that, by
construction, some of the coefficients in the last three columns have identical estimates as in
Table 4.

Both Tables 5 and 6 reconfirm the findings in Table 4. In all specification, the estimated
coefficients on Difference in Tangible Assets and Difference in Intangible Assets are positive
and statistically significant. These results enable us to conclude as follows: when firms with
different asset compositions merge, the merged firm can utilize both types of assets more
efficiently, such that an improvement in asset utilization rates results in lower production

costs and higher total output.

3.2 What Determines Merger Pairs?

In the previous subsection, the estimation results suggest that firms can benefit from merging
with others with different asset compositions thanks to the cost synergies. Given these
findings, in this section, we investigate the determinants of mergers, in particular, whether
these characteristics of compatible mergers indeed affect the likelihood of mergers to occur.
Understanding the merger determinants allows us not only to deepen our understanding of
mergers but also to infer why firms merge and how mergers increase firms ~ value. Firms
merge only if they expect increases in firm value as a combined entity. Therefore, the

determinants of mergers should correspond to the determinants of firm value improvement.

16



To identify the determinants of mergers, we take the following approach.’ We first create
a hypothetical triple—an acquirer, a target, and a year—for all possible combinations of
firms and years.!® We denote the year by ¢, the acquirer by 7, and the target by j. Then,
we create “Merger Dummy,” denoted by D,j;;, for each triplet and assign a value of one if
we observe that firm i acquires firm j in year ¢’ € (¢,¢ + 1] in the data and zero otherwise.!!
We regress Merger Dummy on the combination of acquirer and target characteristics using

a Probit model. Formally, we estimate the following model:

1 it D, >0
Dij =
0 if Dy, <0,

with
D;'kjt = o + wz‘tﬁll + mjtﬁzl + wz’jtﬁgl + €ijt

where ¢;;; ~ N(0,1), x; denotes the vector of the acquirer’s characteristics, x;; denotes
the vector of the terget’s characteristics, and «;;; denotes the vector of the acquirer and
target pair specific characteristics. The main variables of interest for x;; and x; are the
firms > power generation capacity, the distance of transmission lines, and the revenue share
of business customers. We include these variables because we find that merger pair specific
variables have some effect on post-merger outcomes. Moreover, capacity and transmission
lines are two major tangible assets for the electricity companies and we consider the set of
reachable customers an important intangible asset.

For x;;;, we use some interaction terms between x; and x;, and “QOverlap Fraction,”
which is defined as the fraction of overlapping service areas between the acquirer and target.

Formally, we compute this value by dividing the number of markets where both firm ¢ and

9 Alternatively, we could adopt the same specification as in Akkus et al. (2016)using a structural model for
the merger value function. We adopt our estimation method because (1) the method proposed in Akkus et
al. (2016) does not allow us to identify the effect of acquirer and target characteristics, and (2) our primary
object of interest in this section is to infer the firms ’ merger decision rather than to recover the structural
merger value function. However, we also used the method proposed by Akkus et al. (2016) and obtained
qualitatively the same results.

10When we construct the combination of firms, we take all possible combinations of firms that supply
electricity within the same prefecture or in the bordering prefecture because most mergers occur within such
groups of firms. We also estimate the same model using all potential combinations of firms without any
geographical restriction and the results are qualitatively the same.

1 We define D;j;; in this manner because we are interested in the future merger decision of firms given
the current firm characteristics.
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j operate by the total number of markets where firm ¢ and j operate, i.e.,

Overlap Fraction, ;, = 2o D1 X Tmnja-1 ,

Yo Imii—1 > I
where [,,,;; is an indicator function that takes a value of one if firm 7 operates in market
m in year t and zero otherwise. By estimating this model, we are able to quantify the
combination of firm characteristics that make mergers more likely to happen, which allows
us to infer what firms seek when making merger decisions.

Table 7 summarizes the estimation results from the Probit model with other controls.
All specifications include a constant term, and year and prefecture-level service area fixed
effects as “Other Controls.” The first column demonstrates the baseline result without
having interaction terms, @;;;. The coefficients on the logarithm of acquirer s capacity and
distance of transmission line are positive and statistically significant, implying that the firms
with more assets are more likely to be acquirers. In the second column, we include Ouerlap
Fraction, the interaction terms of capacities of acquirer and target and the interaction terms
of line distance of acquirer and target. The most important observation here is that the
coefficient on Overlap Fractionis positive and statistically significant, suggesting that mergers
are more likely to occur when the firms overlap more in their operating markets. This
result is robust for all the following specifications. When we include some interaction terms
between acquirers and targets, we can see that, in specification (ii), the interaction term
of acquirers ' capacity and targets ’ capacity is positive, which indicates that large firms
tend to purchase large firms. In the third and fourth specifications, however, the estimated
coefficients for these interaction terms are no longer statistically significant. Moreover, none

of the interaction terms, except “Overlap Faction,”

is statistically significant, implying that
even those merger characteristics that enable firms to enjoy cost synergies do not increase
the likelihood of mergers. This might be a somewhat surprising result, and we discuss a

possible reason for this in Section 4.

4 Implications

4.1 Policy Implications from Pre- and Post-Merger Analyses

In this subsection, we summarize the results presented in the previous section to derive some
implications on the pre-merger incentives of firms and their post-merger consequences. Firms

appear to seek market power when making a merger decision; the estimated coefficients on
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Merger Dummy in Table 3 show that mergers are associated with increases in prices. At the
same time, some factors create cost synergies, as in Tables 2, 3, and 4, but those factors do
not affect merger decisions, as in Table 7. Table 3 suggests that cost synergies are partly
pass through to prices, which means that the cost synergies may not lead to higher profit
for acquirers. Therefore, the acquirers may not necessarily have an incentive to merge with
target companies to create cost synergies.

These results also have some implications for antitrust policy. During the sample periods
in this paper, there was no antitrust authority to review mergers. As a result, all proposed
mergers occurred only if the merging parties agreed. If there were an antitrust authority to
selectively approve mergers, it may have improved social welfare. Based on the estimates,
we are able to distinguish between mergers that mainly seek market power from those that
induce cost synergies. If an authority approved mergers where the cost synergies offset the

increase in prices, it may also have improved social welfare.

4.2 Caveats and Limitations

There are several caveats and limitations in our analysis. First, this paper does not address
why the firms merge to change their asset compositions rather than invest by themselves. In
principle, if the firms wish to increase their power generation capacity or extend their power
grid, they could invest themselves. It might be possible that, for example, a firm cannot
build the waterpower plants they want due to geographical constraints. Such natural resource
constraints may limit the ability of firms to expand their assets themselves. Second, we also
do not address why asset compositions are suboptimal before mergers. There are several
possible explanations; one is that there may have been changes in the demand structure and
the firms attempt to adjust to these changes. Another is the growth process, which requires
continuous adjustment of firm asset compositions. A third and related possibility is that it
is not necessarily the case that merging two firms with different asset compositions improves
efficiency, because the mergers only help firms that have suboptimal asset composition in
the first place. This claim has further policy implications. For example, when we design
bailout mergers, we first need to examine whether the asset composition of failing firms is
suboptimal. When it is suboptimal, we can apply our results by selecting which firms to
merge. However, if it is not the case, then we must use different criteria for choosing the

merger counterpart.
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5 Conclusion

In this paper, we empirically consider the implications of merger policy, using detailed data
on the merger waves in the pre-WWII Japanese electricity industry when a competition au-
thority did not yet exist. Our estimation results suggest that firms can enjoy cost synergies
when merging with firms with greater differences in production asset composition and/or
reachable customers. Such mergers result in increases in capital utilization and total output.
However, the sources of cost synergy do not affect the merger decision of firms. Rather, ge-
ographical overlap increases the likelihood of mergers. These results imply that the merger
incentive of firms may not align with social welfare. Thus, a policy intervention that selec-

tively allows mergers for a particular combination of firms may help increase social welfare.
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Appendix A: Merger Effects on Accounting Measure

The results presented in Section 3.1 are the post-merger effects on economic variables. In
the literature, accounting variables often serve to quantify the post-merger effects. However,
using accounting measures may suffer from the conceptual difference between economics and
accounting. For example, the existence of goodwill in accounting measures can overestimate
the value of acquired assets. In addition, reported profit is a complex composition of different
accounting measures and may not correspond to economic profit.

To examine the validity of the use of accounting measure, we regress the difference in
“Return on Asset” and “Return on Equity” on the same set of variables. Table A1 summa-
rizes the estimation results. For both ROA and ROEF, no variable has statistically significant
coefficient, even though the results presented in Tables 2, 5 and 6 show that merger char-
acteristics do affect firms’ cost and behavior. This contradictory observation suggests that

accounting measures are not appropriate to quantify the effects of mergers in this context.

Appendix B: Analysis on Merger Determinants with

Subsample of Firms

Firms participating in M&A activities may systematically differ from those that have never
experienced mergers. To check the robustness of the results presented in Section 3.2, we
estimate the same model as in Table 7, using only those firms that have never appeared as an
acquirer or a target in the data. Table B1 summarizes the estimation results. Qualitatively,

the results are identical to those presented in Section 3.2.
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Table 2: Unit Production Cost

(i) (i) (iii) (iv) (v) (vi)
AlnUPC AlnUPC AlnUPC AlnUPC AlnUPC AlnUPC
Merger Dummy -0.0165 0.0913 0.254 -0.0908 0.0468 0.224
(0.128) (0.173) (0.181) (0.118) (0.158) (0.165)
Total Overlap Frac. -0.0267 -0.0415 -0.0556 -0.0722
(0.115) (0.114) (0.105) (0.104)
Diff in Tang. Assets -0.315%**  -0.255%** -0.317***  -0.251***
(0.0739) (0.0762) (0.0674) (0.0694)
Diff in Intang. Assets -0.235%** -0.257***
(0.0797) (0.0727)
A In(Capacity) -0.518***  -0.519***  -0.521***
(0.0487) (0.0480) (0.0477)
A In(Line Dist.) 0.00460 0.00404 0.0127
(0.0670) (0.0661) (0.0656)
Other Controls Yes Yes Yes Yes Yes Yes
Observations 776 776 776 766 766 766
Adjusted R? 0.077 0.097 0.107 0.207 0.229 0.242

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.
Notes: A In(Capacity) and A In(Line Distance) represent the first differences of the firm’s elec-
tricity generating capacity and the firm’s length of transmission line, respectively. Other Controls
include a constant term, year and prefecture-level service area fixed effects, and a dummy variable
indicating whether the firm has other types of business outside the electric utility industry.
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Table 3: Average Price of Electricity

(1) (ii) (iii) (iv) (v) (vi)
Aln(p) Aln(p) Aln(p) Aln(p) Aln(p) Aln(p)

Merger Dummy -0.0112 0.150 0.286* -0.0716 0.120 0.277**
(0.104) (0.141) (0.146) (0.0912) (0.123) (0.127)

Total Overlap Frac. -0.0851 -0.0968 -0.114 -0.128
(0.0916)  (0.0911) (0.0798)  (0.0789)
Diff in Tang. Asset -0.283***  -0.231*** -0.287F*F  -0.227**
(0.0584)  (0.0603) (0.0509)  (0.0522)
Diff in Intang. Asset -0.203*** -0.234***
(0.0633) (0.0549)

AAvg # of Firms, ~ 0.00688  -0.00653 -0.00770  0.0104  -0.00363  -0.00503
(0.0257)  (0.0254)  (0.0253)  (0.0227)  (0.0223)  (0.0221)

Aln (Capacity) -0.468***  -0.470***  -0.472***
(0.0372) (0.0363)  (0.0359)
Aln (Line Dist.) 0.115** 0.119** 0.127**
(0.0522) (0.0510)  (0.0504)
Other Controls Yes Yes Yes Yes Yes Yes
Observations 756 756 756 743 743 743
Adjusted R? 0.108 0.137 0.148 0.274 0.307 0.324

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Notes: A In(Capacity) and A In(Line Distance) represent the first differences of the firm’s
electricity generating capacity and the firm’s length of transmission line, respectively. Other
Controls include a constant term, year and prefecture-level service area fixed effects, and a
dummy variable indicating whether the firm has other types of business outside the electric
utility industry.
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Table 4: Total Output

(i) (i) (iif) (iv) v) (vi)
AInTO AIlnTO AlnTO AInTO AInTO AInTO

Merger Dummy 0.0635  -0.0484 -0.203 0.177* 0.0403 -0.128
(0.127)  (0.172) (0.180) (0.104) (0.140) (0.146)
Total Overlap Frac. 0.0380 0.0521 0.0610 0.0768
(0.114) (0.114) (0.0924) (0.0917)
Diff in Tang. Assets 0.285***  (.228*** 0.292***  0.230***
(0.0735)  (0.0759) (0.0596)  (0.0613)
Diff in Intang. Assets 0.223*** 0.244***
(0.0794) (0.0642)
Aln (Capacity) 0.591***  0.592***  (0.594***
(0.0431) (0.0424) (0.0420)
Aln (Line Dist.) 0.335"**  0.336***  0.328"**
(0.0587) (0.0578) (0.0573)
Other Controls Yes Yes Yes Yes Yes Yes
Observations 787 787 787 771 771 771
Adjusted R? 0.059 0.076 0.084 0.331 0.351 0.363

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Notes: A In(Capacity) and A In(Line Distance) represent the first differences of the
firm’s electricity generating capacity and the firm’s length of transmission line, respec-
tively. Other Controls include a constant term, year and prefecture-level service area
fixed effects, and a dummy variable indicating whether the firm has other types of busi-
ness outside the electric utility industry.
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Table 5: Capacity Utilization Rate

(1) (i) (iii) (iv) (v) (vi)
AlnCUR AlnCUR AlCUR AlmCUR AInCUR AlCUR

Merger Dummy 0.171 0.00389 -0.172 0.177* 0.0403 -0.128
(0.111) (0.150) (0.157) (0.104) (0.140) (0.146)
Total Overlap Frac. 0.0908 0.107 0.0610 0.0768
(0.0995) (0.0988) (0.0924) (0.0917)
Diff in Tang. Assets 0.289*** 0.225%** 0.292%** 0.230%**
(0.0642) (0.0660) (0.0596) (0.0613)
Diff in Intang. Assets 0.253*** 0.244***
(0.0690) (0.0642)
Aln (Capacity) -0.409***  -0.408***  -0.406***
(0.0431) (0.0424) (0.0420)
Aln (Line Dist.) 0.335%** 0.336%** 0.328***
(0.0587) (0.0578) (0.0573)
Other Controls Yes Yes Yes Yes Yes Yes
Observations 787 787 787 771 771 771
Adjusted R? 0.033 0.059 0.074 0.147 0.174 0.189

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Notes: A In(Capacity) and A In(Line Distance) represent the first differences of the firm’s elec-
tricity generating capacity and the firm’s length of transmission line, respectively. Other Controls
include a constant term, year and prefecture-level service area fixed effects, and a dummy variable
indicating whether the firm has other types of business outside the electric utility industry.
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Table 6: Line Utilization Rate

(i) (i)

(iii)

(iv)

(v)

(vi)

AlnLUR AIhLUR AIlhLUR AILUR AlnLUR AlLUR

Merger Dummy 0.165 0.0672 -0.0790 0.177* 0.0403 -0.128
(0.121)  (0.163)  (0.171)  (0.104)  (0.140)  (0.146)
Total Overlap Frac. 0.0227 0.0363 0.0610 0.0768
(0.108) (0.107) (0.0924) (0.0917)
Diff in Tang. Assets 0.294%** 0.240*** 0.292%** 0.230%**
(0.0695) (0.0718) (0.0596) (0.0613)
Diff in Intang. Assets 0.213*** 0.244%**
(0.0752) (0.0642)
Aln (Capacity) 0.591%** 0.592%** 0.594***
(0.0431) (0.0424) (0.0420)
Aln (Line Dist.) -0.665***  -0.664***  -0.672***
(0.0587) (0.0578) (0.0573)
Other Controls Yes Yes Yes Yes Yes Yes
Observations 771 771 771 771 771 771
Adjusted R? 0.062 0.082 0.091 0.304 0.325 0.338

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Notes: A In(Capacity) and A In(Line Distance) represent the first differences of the firm’s
electricity generating capacity and the firm’s length of transmission line, respectively. Other
Controls include a constant term, year and prefecture-level service area fixed effects, and a
dummy variable indicating whether the firm has other types of business outside the electric

utility industry.
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Table 7: Determinants of Mergers with All Firms

6) ) (i) V)
Dependent Var. Merger Dum. Merger Dum. Merger Dum. Merger Dum.

In(Acq. Capacity) 0.070** -0.086 -0.077 -0.069
(0.033) (0.065) (0.076) (0.088)
In(Tar. Capacity) 0.029 -0.298*** -0.308** -0.345***
(0.028) (0.095) (0.124) (0.131)
In(Acq. Line Dist.) 0.211%*** 0.296** 0.281*** 0.286***
(0.048) (0.083) (0.100) (0.103)

In(Tar. Line Dist.) -0.022 0.019 0.024 0.048
(0.036) (0.102) (0.144) (0.146)

In(Acq. Capacity) 0.036*** 0.022 0.036
xIn(Tar. Capacity) (0.010) (0.019) (0.022)
In(Acq. Line Dist.) -0.001 -0.027 -0.018
x In(Tar. Line Dist.) (0.015) (0.033) (0.035)
Overlap Fraction 3.835*** 3.852%** 3.856**"*
(0.325) (0.327) (0.331)

In(Acq. Capacity) 0.018 0.008
x In(Tar. Line Dist.) (0.024) (0.026)
In(Acq. Line Dist.) 0.020 0.010
x In(Tar. Capacity) (0.025) (0.028)
Acq. Frac. of BC -0.230
(0.339)

Tar. Frac. of BC 0.210
(0.375)

Acq. Frac. of BC -1.004
x Tar. Frac. of BC (0.813)

Other Controls Yes Yes Yes Yes
Observations 36,858 36,858 36,858 36,491
Pseudo R? 0.251 0.346 0.346 0.347
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Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.
Note: The dependent variable, Merger Dum., is merger dummy for all specification. In(Acq.
Capacity), In(Tar. Capacity), In(Acq. Line Dist.), In(Tar. Line Dist.), Acq. Frac. of
BC and Tar. Frac. of BC represent the logarithm of acquirers’ capacity, the logarithm of
target’s capacity, the logarithm of acquirers’ length of transmission line, the logarithm of
target’s length of transmission line, the acquirer’s revenue share of business customers, and
the target’s revenue share of business customers, respectively. Other Controls includes a
constant term, year fixed effects, prefecture-level service area fixed effects and a dummy
variable whether the firm has other type of business outside the electric utility industry.



Figure 1: Evolution of the Industry
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Source: Kurihara, 1964: Appendix, pp. 16-18.
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Figure 2: Number of M&As between 1917 and 1930
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Source: Handbook of Electric Utility Industry, various issues. Due to a change in the data-reporting period,
the number for M&As in 1920 and 1921 is summed in the column for 1921.
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Table Al: ROA and ROE

(i) (i) (iif) (iv) (v) (vi)
AROA  AROA  AROA AROE AROE  AROE

Merger Dummy -0.0102 -0.00345 -0.00523 -1.023 -1.073 -1.227
(0.0136) (0.0182) (0.0189) (0.811) (1.076) (1.121)

A In(Capacity) -0.00427 -0.00439 -0.00437 -0.103 -0.102 -0.101
(0.00501)  (0.00502) (0.00502)  (0.297) (0.298) (0.298)
A In(Line Distance) 0.0142** 0.0140** 0.0139** -0.105 -0.104 -0.110
(0.00647)  (0.00647) (0.00648)  (0.387) (0.388) (0.388)
Overlap Fraction -0.0363 -0.0360 0.315 0.343
(0.0744) (0.0745) (4.389) (4.391)
Diff in Tangible Asset -0.000196  -0.000230 -0.0000561 -0.00299
(0.000362)  (0.000376) (0.0213) (0.0222)
Diff in Inangible Asset 0.0792 6.764
(0.233) (13.75)
Other Controls Yes Yes Yes Yes Yes Yes
Observations 980 980 980 952 952 952
R? 0.047 0.047 0.047 0.058 0.058 0.059
Adjusted R? -0.010 -0.012 -0.013 0.000 -0.002 -0.003

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Notes: A In(Capacity) and A In(Line Distance) represent the first differences of the firm’s elec-
tricity generating capacity and the firm’s length of transmission line, respectively. Other Controls
include a constant term, year and prefecture-level service area fixed effects, and a dummy variable
indicating whether the firm has other types of business outside the electric utility industry.
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Table B1: Determinants of Mergers with Subgroup of Firms

(i) (ii) (iii) (iv)
Dependent Var. Merger Dum. Merger Dum. Merger Dum. Merger Dum.

In(Acq. Capacity) 0.045 -0.115* -0.115 -0.096
(0.034) (0.068) (0.079) (0.091)
In(Tar. Capacity) 0.031 -0.334*** -0.325** -0.371%**
(0.028) (0.100) (0.129) (0.138)

In(Acq. Line Dist.) 0.193*** 0.220** 0.216** 0.220**
(0.049) (0.087) (0.104) (0.106)

In(Tar. Line Dist.) -0.031 -0.067 -0.088 -0.061
(0.036) (0.108) (0.153) (0.156)

In(Acq. Capacity) 0.039*** 0.026 0.043*
x In(Tar. Capacity) (0.011) (0.019) (0.023)
In(Acq. Line Dist.) 0.010 -0.013 -0.003
x In(Tar. Line Dist.) (0.016) (0.033) (0.035)
Overlap Fraction 4.357** 4.3727%* 4.386***
(0.346) (0.348) (0.352)

In(Acq. Capacity) 0.020 0.007
x In(Tar. Line Dist.) (0.024) (0.026)
In(Acq. Line Dist.) 0.017 0.005
x In(Tar. Capacity) (0.026) (0.028)
Acq. Frac. of BC -0.388
(0.355)

Tar. Frac. of BC 0.232
(0.384)

Acq. Frac. of BC -1.160
x Tar. Frac. of BC (0.836)

Other Controls Yes Yes Yes Yes
Observations 18,768 18,768 18,768 18,570
Pseudo R? 0.191 0.310 0.310 0.313

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Note: The dependent variable, Merger Dum., is merger dummy for all specification. In(Acq.
Capacity), In(Tar. Capacity), In(Acq. Line Dist.), In(Tar. Line Dist.), Acq. Frac. of
BC and Tar. Frac. of BC represent the logarithm of acquirers’ capacity, the logarithm of
target’s capacity, the logarithm of acquirers’ length of transmission line, the logarithm of
target’s length of transmission line, the acquirer’s revenue share of business customers, and
the target’s revenue share of business customers, respectively. Other Controls includes a
constant term, year fixed effects, prefecture-level service area fixed effects and a dummy
variable whether the firm has other type of business outside the electric utility industry.
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