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Vast and diverse empirical literature analyses outcomes of mergers and acquisitions
at different levels of aggregation. Present study continues this strand by addressing
causal relationship between M&As and firm-level performance of European electricity
producers. The energy sector represents particular interest due to three reasons. First,
it is strongly involved in processes of mergers and acquisitions. Its share in global
amount of takeovers was 6.3% in 2001 (Pryor, 2001). In 2010 sector of power genera-
tion took second place by number of deals (Schmid et al., 2012). Second, electricity is
essential for functioning of quasi-totality of manufacturing and service activities. Fi-
nally, electricity as a good is homogenous. This property eases monitoring and ensures
comparability of multinationals.

Present research is focused on European electricity industry. In early 1990s the
competition on this market was restricted due to numerous state interventions. En-
ergy utilities were forced to use internal resources, instead of low-cost alternatives. In
most EU members installed generation capacities have been largely overlapping actual
needs. Serrallés (2006) argued that energy firms had no incentives towards efficiency.
Utilities demonstrated low overall operational flexibility and did not diversify their
fuel sources. In the mid-1990s European energy market has come through liberaliza-
tion. Such drastic policy shift is luckily to significantly affect firm-level performance
and therefore represents particular research interest.

The liberalization was initialized by First EU Energy Package (Directive 96/92/EC).
Incumbents faced the risk of losing their market shares. In order to survive turbulent
post-deregulation period, they started to pursue the strategy of M&As. Haas et al.
(2006) argued that the stage of vertical re-integration followed initial "value-chain dis-
integration". According to the report of CERNA (Codognet et al., 2002), European
energy utilities completed 96 M&As between 1998 and 2002. Mergers contributed to
substantial broadening of distribution networks, which further promoted transforma-
tion of market structure.

Second EU Energy Package (Directive 2003/54/EC) has initiated the second wave
of M&As. Verde (2008) identified three principal motives of merger activity in this
period. First, it is the creation of national champions, which aimed to protect internal
market from hostile foreign deals.1 Second, power companies expressed growing inter-
est to manage together gas and electricity activities. Finally, much effort was devoted
to achieving vertical re-integration. Pollitt (2009) counted 549 mergers completed in
the EU electricity sector in 2003-2008. He argued that M&A activity was very signif-
icant and required specific attention from competition authorities. It is worth noting
that approximately half of mergers (51.7%) were cross-border ones. Schiavone (2012)
argued that at this stage multinationals were focused on transferring novel managerial

1Another possible rational behind establishing of «national champions» is exploiting advantages of
economies of scale (Considine, 2000).
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approaches and competencies to acquired subsidiaries. The definition of geographic
market has started to evaluate from national to regional level.

Third European Union’s Energy Package (Directive 2009/72/EC) further stimu-
lated M&A activity. In 2011 around 24% of global power deals (by targets) were
completed in Europe (PricewaterhouseCoopers, 2012). Since then, this share has even
grown. In 2012 and 2013 Europe held the first place among world regions with 35%
and 36%, respectively (PricewaterhouseCoopers, 2014). European electric, gas and re-
newable firms finalized 431 and 368 deals in 2011 and 2012, respectively. It is worth
noting that at this stage power utilities have been focused on diversification of their ac-
tivities. Large multinationals attempt to preserve cashflow and margins on developed
markets. At the same time, they continue expansion on growing markets. Pricewater-
houseCoopers (2013b) revealed particular interest that is directed at targets in Southern
and Eastern Europe.

Present research accounts for 165 mergers and acquisitions finalized between 2005
and 2013. This period corresponds to second and third stages of the EU electricity mar-
ket’s liberalization. I restrict the analysis to M&As with targets that operate in closely
related to energy generation industries. More than half of them (98 deals) fall into
cross-border category. The totality of mergers in the sample is completed by 15 biggest
European energy utilities. In 2013 their share in total EU electricity production reached
62.3%. All of them are large multinationals combining fossil, nuclear and renewable
sources in electricity generation.

The majority of existing M&As studies devoted to energy sector addresses post-
merger variation in shareholder wealth. This research aims to assess impact of merg-
ers on real production efficiency of acquirers and vendors. For the sake of simplicity, I
further call acquiring firms as “buyers”. Energy utilities that sell their branches or pro-
ducing units are referred as “sellers”. It is worth noting that targets are excluded from
the analysis due to unavailability of the data on small-sized market players. I employ
Data envelopment analysis (DEA), which is a common method of entire sector’s per-
formance evaluation. This nonparametric mathematical technique is most frequently
applied to financial sectors, mainly banking and insurance. Present study fits the mi-
nor segment of DEA efficiency literature on non-financial industries.

In 2013 Europe hosted 19.1 % of worldwide installed capacities and produced 16.4%
of the global amount of electricity. It is third, after Asia and North America, most im-
portant energy market. In 2013 the sector of public electricity and heat production was
responsible for around 26.2% of total EU15 greenhouse gasses. Corresponding share in
EU28 is 28.9% (European Environment Agency, 2014). Domanico (2007) noticed that
the need to account for ecological impact of production triggers constant technological
developments in the industry. Performance and structure of power market should be
influenced by environmental issues. In order to account the ecological aspect of elec-
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tricity production, I employ output-oriented DEA model with Carbon-dioxide (CO2)
emissions as an undesirable outcome. Therefore, this study takes into account which
is an advance comparing to previous studies.

Second-stage regression analysis aims to identify causal impact of M&As on firm-
level performance. I make use of fractional regression approach, which is the most
appropriate way to explain variation in relative performance scores. It is a method-
ological advance upon majority of extant two-stage DEA studies employing OLS ap-
proach. Results suggest that European energy utilities profit from short-run increase in
their performance after international sell-off. This effect is not significant in long-run.
If energy producers sell their subsidiaries to domestic rivals, they immediately lose in
efficiency. Meanwhile, domestic sell-offs are beneficial in long term due to achievement
of more efficient allocation of production capacities. Both domestic and cross-border
acquisitions are detrimental in short run. Bidders need to deal with incoming ineffi-
ciency brought by newly acquired under-performing entities (“lemons”). Cross-border
intakes increase efficiency one and two years after their completion. “Lemons” evolve
to over-performing “cherries”. However, this does not happen in case of domestic
acquisitions.

Present research contributes to the general debate on post-merger performance al-
teration. Employed comprehensive two-stage approach brings this study to the border
line of M&A literature. Most of previous studies were focused on U.S. energy pro-
ducers. Only two extant researches (Bednarczyk et al., 2010; Datta et al., 2013) are
devoted to European energy producers. This research is an advance upon them since
it addresses later stages of EU market’s liberalization. Furthermore, insights on post-
merger performance outcomes have more of policy interest than the ones on share-
holder wealth alteration.

The rest of the paper is organized as follows. In Section 1 I summarize existing stud-
ies on post-merger performance outcomes in electricity sector. Their results are com-
pared to general M&As literature. I underline specificities of cross-border deals. The
literature review is continued with the survey of studies on the causal relationship be-
tween M&As and firm-level performance of energy utilities. It allows to place present
research among narrow closely related literature. In Section 2 I present construction
of dataset and sources. The research strategy is described in Section 3. First, I explain
application of output-oriented Data envelopment analysis. Discussion of second-stage
empirical strategy follows. Results are reported and interpreted in Section 4. Finally,
Section 5 summarizes this research.
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1 Literature review

Broad and heterogeneous empirical literature on outcomes of mergers and acquisitions
has been developed since 1980s. Firm-level performance changes have been system-
atically proxied by alterations in wealth of shareholders. General cross-industry em-
pirical results suggest that targets gain after the merger (e.g. Asquith and Kim, 1982;
Andrade et al., 2001; Bruner, 2004; Corrado, 2011). However, the outcomes in terms of
an acquirer’s shareholder wealth are at best not significant (e.g. Asquith, 1983; Agrawal
et al., 1992; Loderer and Martin, 1992), but often negative (e.g. Moeller et al., 2004; King
et al., 2004)

Cross-border mergers and acquisitions are an important instrument of international
diversification (Shimizu et al., 2004). Nocke and Yeaple (2007) developed a general
equilibrium framework where firms choose between exporting, greenfield FDI and
cross-border M&As. They argued that mergers and acquisitions are caused by the
heterogeneity in firms’ intangible assets or «capabilities». Cross-border M&As are mo-
tivated by complementarities between internationally mobile and non-mobile capa-
bilities. Therefore, deals of this type provide access to country-specific capabilities of
target firm, which could induce positive returns.

International mergers could be beneficial for merging firms due to several reasons.
Cross-border deals allow exploiting differences in tax systems and absorbing rents
from market inefficiencies (Servaes and Zenner, 1994). Spillovers of corporate gov-
ernance standards could improve corporate governance (Martynova and Renneboog,
2008). Shimizu et al. (2004) found that national cultural differences and organizational
learning induce post-merger value creation. (Kiymaz and Mukherjee, 2000) argued
that an acquirer is more able to make use of its strategic advantages during the interna-
tional acquisition. Targets could benefit due to optimization of their business processes
under foreign control and gaining access to cheaper external resources.

Early empirical studies on outcomes of cross-border deals contradict to general
M&A literature. They revealed that bidders gain in shareholder value (e.g. Kang, 1993;
Morck and Yeung, 1992; Markides and Ittner, 1994; Cakici et al., 1996). Recent litera-
ture reported mixed evidence. Part of the studies concluded about post-merger losses
in bidders’ value (e.g. Eckbo and Thorburn, 2000; Denis et al., 2002; Aw and Chatter-
jee, 2004; Moeller et al., 2005; Aybar and Ficici, 2009; Chen and Young, 2010). Opposite
results are obtained e.g. by Akhigbe and Martin (2000), Boateng et al. (2008), Francis et
al. (2008), Gubbi et al. (2010) and Bhagat et al. (2011).

The majority of existing studies on M&As in energy sector made use of event study
methodology. Their results are in line with existing findings for other industries. Tar-
get’s shareholders benefit from mergers, whereas the ones of acquirer lose (e.g. Ray
and Thompson, 1990; Leggio and Lien, 2000). Becher et al. (2012) applied event study
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analysis to the sample of 384 mergers between U.S. electric and gas firms. They re-
vealed that combined utilities gain in their value.

However, post-merger fluctuations in shareholder wealth of energy firms differ
from the ones in other sectors. Bartunek et al. (1993) found that post-mergers gains of
utilities are lower and losses are higher. Their explanation is twofold. First, acquisition
of potentially most profitable targets could be prohibited because of national interests.
Second, acquiring utilities could suffer from the lack of previous merging experience.
For example, bidder could have no sufficient ability to negotiate for a reasonable price.
Furthermore, efficient integration at operating level could be not accomplished due to
the absence of such practical experience.

Leggio and Lien (2000) investigated outcomes of 76 US energy deals between 1983
and 1996. They found that in short-run mergers in energy sector are more detrimental
for the wealth of acquirers, comparing to deals in non-regulated sectors. They pointed
to features of the regulation of US utility sectors, which is based on the rate of return.
Authorities could subtract a part of acquirer’s gain and reallocate it to consumers.

McLaughlin and Mehran (1995) also highlighted the regulation as an important de-
terminant of post-merger outcomes. They employed the sample of hostile offers on US
electricity market between 1960 and 1990. Even rejected M&As were found to posi-
tively affect short-run target utilities’ shareholder returns. Meanwhile, corresponding
effect for non-regulated industries is substantially higher.

Berry (2000) made the first attempt to differentiate between outcomes of cross-
border and domestic mergers in energy sector. He applied standard event method-
ology to the sample of 21 M&As involving U.S. bidders. He revealed that target’s
shareholder wealth increases in any case. Post-merger evolution of acquirer’s share-
holder value depends on the type of merger. U.S. energy utilities experienced decrease
in their shareholder value if they were acquiring domestically. They are more familiar
with national market and legislation, comparing to the firms that acquire foreign tar-
gets. Therefore, domestic bidders are more prone to pay nominated deal’s premium.

There are only two, to my knowledge, studies on firm-level performance outcomes
of M&As in European electricity industry. Both of them are devoted to initial stage of
common market’s creation. The first one is Bednarczyk et al. (2010). They addressed 37
mergers and acquisitions announced between 1995 and 2005 with targets from Central
and Eastern Europe. Exclusively completed cross-border mergers with bidder from
a Western industrialized country are studied. Event study approach allowed to doc-
ument small but significant short-run positive effect on targets shareholder wealth.
Horizontal acquisitions are found to be more beneficial than vertical or diversifying
ones.

Datta et al. (2013) studied 156 mergers completed in 1990-2006 between electric-
ity, gas, water and telecommunication EU firms. A target’s shareholder wealth is 6-7
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percent higher in post-merger short-term period. The same benefit in non-regulated
sectors is 20-30 percent. Acquirers lose in the short term 0.1-0.2 percent of their share-
holder value, which is less than in non-utility sectors. This result matches evidence
from U.S. electricity industry (Leggio and Lien, 2000; Becker-Blease et al., 2008). How-
ever, combined European utilities experience statistically significant long-term losses.
It could be explained by the lack of previous experience of integration. Furthermore,
there are dissimilarities between EU and U.S. in terms of regulation.

Most part of studies on M&As in energy industry explain variation in shareholder
value. Becker-Blease et al. (2008) is a study that belongs to narrow branch treating per-
formance outcomes. They examined post-merger changes in return on assets, sales to
total employees, asset turnover and expense ratio, as well as stock prices of U.S. electric
utilities. They concluded that merged energy companies performed no better or worse
than the ones not involved in M&A activity. They interpreted such result in a way that
expected synergetic efficiency gains are absorbed by other industry stakeholders. They
found that integration with gas activities or diversification into new geographic areas
are detrimental for both market and operating performances.

Bagdadioglu et al. (2007) studied potential efficiency outcomes of Turkish electric-
ity market’s consolidation in 2005. They constructed DEA model allowing to predict
potential merger gains, which are conditional on sufficient and appropriate incentives.
It was applied to the sample consisting of 82 Turkish electricity distributors in 1999-
2003. There are 5 inputs (number of employees, number of transformers, transformer
capacity, network length and network losses) and 3 outputs (numbers of customers,
electricity consumed, service area). Post-merger reduction of required inputs is esti-
mated to achieve up to 16%. This prediction was ex-post confirmed by Çelen (2013)
with stochastic frontier analysis (SFA). They revealed that positive effect of mergers on
performance decreases with higher proportion of sales to residential customers.

The study that is the closest methodologically to this research is Kwoka and Pollitt
(2010). They accessed performance outcomes of M&As in U.S. electricity market be-
tween 1994 and 2003. They applied Data envelopment analysis to measure efficiency
of both merging and non-merging firms. Operating and total controllable expenditures
are taken as inputs, while number of customers, total output and length of distribution
lines are outputs. They didn’t find any evidence in favor of the hypothesis that M&As
lead to better acquirer’s cost performance. Target firms perform better prior to the
deal, but they lose in the efficiency afterwards. These results are in line with findings
of Becker-Blease et al. (2008).
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2 The data

Present research is conducted basing on the panel of 15 European energy producers in
2005-2013. Their complete list is reported in Table 5. In 2005 utilities of interest dis-
posed 54.2% of installed EU capacities and produced 55.1% of total electricity. In 2013
they generated 62.3% of European energy with 53.2% of region’s capacities. Data on in-
stalled capacities, power generation, CO2 emissions and electricity sales are extracted
from Energy Utilities Watch and Power Plant Tracker databases.2 Some missing obser-
vations for years 2005-2006 and 2009-2013 are filled with annual corporate reports. In
some cases the data on CO2 emissions and energy production is complemented with
PricewaterhouseCoopers (2013a).

Data on mergers and acquisitions is extracted from Thomson Reuters SDC Plat-
inum.3 In order to be included in the present analysis, deals must simultaneously fit
following conditions. First, the deal must be fully completed between years 2004 and
2013. Second, the initial acquirer’s stake of shares must be below 50%, whereas it must
possess 50% or more after the completion of the deal. Third, M&As are limited to ones
involving targets operating in closely related to energy production sectors. Details on
targets’ primary sectors are reported in Table 1.

Table 1: Repartition of targets by sectors

U.S. SIC Sector of activity Number
of firms

4911 Electric services 151
4922 Natural gas transmission 4
4923 Natural gas transmission and distribution 2
4924 Natural gas distribution 1
4931 Electric and other services combined 1
4939 Combination utilities, not elsewhere classified 1
3433 Heating equipment, except electric and warm air furnaces 1
3511 Steam, gas, and hydraulic turbines, and turbine generator

set units
3

3621 Motors and generators 1

Notes: Table reports primary sectors of target firms’ activities.

The deal is classified as a cross-border one if nations of target and acquirer are not

2These datasets are developed by Enerdata, an independent research and consulting agency. Author
would like to thank LABEX OSE and Paris School of Economics for funding the access.

3Author would like to thank David Thesmar for providing the access to SDC Platinum and Thomson
One by Thomson Reuters and Orbis by Bureau van Dijk.

8



identical. The sample is composed of 165 deals, of which 98 cross-border (59.4%). In
some cases firms of interest finalized both cross-border and domestic deals during the
same year. Firms are either buyers or sellers. There are 103 acquisitions (62.4%). There
are some cases where utilities were both buyers and sellers in different M&As during
the same year. The repartition of deals is represented in Figure 1. It is worth noting
that exclusively intakes and offtakes realized by parent companies in the sample are
studied.

(1.1) Acquisitions (1.2) Offtakes

Figure 1: Repartition of M&As by years

Sources of data and definitions are summarized in Table 4. Section 6 is dedicated
to descriptive statistics. Some parameters of distributions of DEA components and
control variables are in Table A1. Three utilities had chosen to report their financial
highlights in currency other than euro. More precisely, CEZ A.S. uses Czech crowns,
E.ON SE uses U.S. dollars, and Vattenfall AB applies Swedish crowns. I convert with
year-averaged exchange rates calculated by European Central Bank.

3 Research strategy

This research employs two-stage Data envelopment analysis (DEA). It is a nonpara-
metric technique that employs observed inputs and outputs of decision making units
(DMU) (Charnes et al., 1978). Present research is based on 2-by-2 input-output matrix.
Total operating expenditures and installed production capacities are taken as inputs.
Physical amounts of generated energy are regarded as target output. Carbon dioxide
emissions are undesirable production output. I calculate emissions as amounts of CO2
per MWh produced. Relative nature of this measure allows bypassing inseparability
of emissions from production. Absolute level of CO2 increases with bigger quantities
produced. Meanwhile, carbon factor depends also on the share of clean capacities in
use.
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I exploit undesirable measure model following Seiford and Zhu (2002). More pre-
cisely, the model is output-oriented. DMUs stick to given amounts of inputs and max-
imize desirable output with simultaneous minimization of undesirable one. Each firm
repeats this optimization program each year.

Basing on decisions of all utilities during the entire period (2005-2013), I construct
best-practice frontier. Such approach is equivalent to window analysis (Charnes et al.,
1994) with the width of window equal to 9 years. This means that the technological
frontier doesn’t vary over period of interest. It is a realistic assumption because the
usual lifetime of an energy producing plant exceeds by much 9 year-term. Indeed,
there were no drastic technological changes since almost all plants operating in 2005
were kept until 2013.

Relative performance score is assigned to each firm according to its distance from
efficiency frontier. Its values belong to (0;1]. A firm has the unity score in a given year
if in this year it is most efficient comparing to all other utilities over 9-year period.
Values below 1 indicate utility’s inefficiency in a given year.

Data envelopment analysis is a frequently applied mathematical method of an in-
dustry’s performance assessment. This research exploits two-stage DEA approach,
which allows to reveal causal influence of firm-specific factors on performance. (Yang
and Pollitt, 2009) revealed a number of advantages of this method. First, it doesn’t
require strong prior judgment on the direction of independent variables’ influence on
performance. Second, both categorical and continuous variables could be included
without the need to increase the sample size. Finally, it is relatively easy to apply and
interpret, comparing to three or four-stage models.

However, DEA approach has two potential weaknesses, which are considered in
present research. First, the impact of independent variables may be biased if fist-stage
variables are highly correlated with second-stage controls. Therefore, I account for cor-
relation between employed variables. Second, calculated at first stage relative perfor-
mance scores lie in the interval of (0;1]. Ramalho et al. (2011) noted that linear estima-
tion models are not pertinent for explaining the variation of proportional or fractional
response variables. They would produce predicted efficiency scores outside the unity
interval (Yang and Pollitt, 2009).

I follow often referenced "quasi-Poisson" approach of Papke and Wooldridge (2008)
for balanced panel dataset. Bernoulli log-likelihood model is estimated with general-
ized estimating equation (GEE) method. The correlation matrix between observations
is set to be exchangeable. This assumption means that performance scores of the same
utility at different years are equally correlated, but no correlation is allowed between
firms. Such correlation structure is relevant to the relative nature of DEA scores. They
are obtained by comparing all firms to the potential technological frontier. Therefore,
correlation between performances of two different firms in different points of time is
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unlikely. Two alternative link functions, namely logit and probit, are used separately.
It is worth noting that the logit link function is most frequently applied in the context
of fractional response variables.

All estimated regression models could be represented in following general form:

DEAscoresit = α0 + αk M&Adummiesit + β1TwoMergersit + β2TwoCBMergersit+

+ β3GenToSalesit + γ1K/Sit + γ2K/S2
it + γ3 I/Kit + γ4Y/Sit+

+ γ5Leverageit + γ6Leverage2
it + γ7CurrentRatioit + γ8CurrentRatio2

it+

+ ΣθmCapacityByCountryit + Σ2013
2005δtYeart + εit

(1)

Coefficients of interests are αk. They correspond to categorical dummies, so that
different types of M&A activities are distinguished. I report exact definitions of cate-
gories in Table 2 below. Impact of each of them is tested separately. All specifications
include the same set of control variables.

Table 2: Variables of interest

Variables Definitions
Number of deals

Category
of interest

Baseline

Merger merging utilities 77 58
CB merger utilities that engage in cross-border deals 54 81
Dom. merger domestically merging firms 42 93
Buyer acquiring utilities 52 83
CB buyer utilities engaging in cross-border acquisitions 41 94
Dom. buyer utilities engaging in domestic acquisitions 19 116
Seller firms that sell their subsidiary 41 94
CB seller utilities that sell their subsidiaries to foreign acquirers 18 117
Dom. seller utilities that sell their subsidiaries domestically 28 107

Notes: Table reports definitions of variables of interest and sizes of corresponding categories. Numbers are given for period t.
There are 135 observations in total.

Firms that recently came through another merger could be better able to adjust their
structure and management in post-merger period. For example, they could quicker
adapt their production in accordance with new fuel mix. One could refer to a merger
experience. Unexperienced acquirers could lack the ability to negotiate for beneficial
price. I control for it with TwoMergers dummy, which is equal to one if a firm was
engaged in any M&As during two consecutive years.

Cross-border merger experience should be different from domestic one. Energy
utilities face the need to integrate entities that are functioning in another regulatory
environment and under different macroeconomic conditions. An energy utility, which
has already engaged human and financial resources in cross-border re-adjustments,
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is expected to be more vulnerable facing another merger the next year. I introduce
TwoCBMergers that takes the unity value if the utility underwent international merg-
ers both this year and one year ago.

Kwoka and Pollitt (2010) revealed large cost savings resulting from coordination
between energy generation and distribution. Kwoka and Pollitt (2010) confirmed this
result and showed that vertical integration positively influences overall performance
of energy utility. I control for vertical integration by introducing GenToSales variable.
It is the share of distribution output generated by the utility itself.

A firm’s performance is largely influenced by its management. Vast literature 4 was
devoted to the study of principal-agent problem. Top management (agents) could take
decisions that diverge from objectives of principals, but are beneficial for their own
wealth. In that case firm could largely underperform. The risk to face principal-agent
issue is higher if managers possess corporate shares. Overcoming of informational
asymmetry between involved parties is a potential solution. Physical assets could be
relatively easily observed and monitored. Therefore, the more a firm uses hard capital,
the less it is exposed to principal-agent issue. I present study I control for capital-to
sales ratio (K/S). It is computed by dividing long term tangible assets (property, plant,
and equipment) by net sales. Therefore, it is a proxy of the vulnerability to principal-
agent problem.

Physical capital is the key production factor for the electricity industry. Energy util-
ities make intensive capital investments in two cases. The first one correspond to the
construction of new capacities with large costs of implementation. Alternatively, pro-
duction capacities could be replaced or renovated in order to fit the ecological norms.
Such alterations are expected to largely influence performance of energy utilities. In
present research I control for the ratio of capital expenditures to tangible long term
assets (I/K) as in Himmelberg et al. (1999). They argued that firms with higher invest-
ment rate have more opportunities to implement discretionary projects and therefore
grow faster.

Inelastic nature and seasonality of energy demand are important particularities of
electricity market. They provide to wide range of electricity utilities, including small-
scaled ones, large opportunities to exploit their market power. Energy firms might
use two mechanisms of the control over energy prices (Helman, 2006). The first one
is «physical withholding», which consists in generating quantities of energy below
productive capacity. The alternative is to employ «financial withholding» by setting
the excessive price. Therefore, the market power is expected to influence firm-level
performance, which depends on production capacities in use, as well on generated
electricity. In present research I follow Himmelberg et al. (1999) and control for the
ratio of operating income to net sales (Y/S).

4see e.g. seminal paper of Jose et al. (1996)
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Leverage is an important measure of financial sustainability. It reflects the extent to
which firm’s activities are financed by creditor funds. Trade-off theory of optimal cap-
ital structure describes the choice of leverage as the equilibrium between benefits and
costs of debt (see e.g. Kraus and Litzenberger (1973)). Performance of low-leveraged
firms is a positive function of debt-to-capital ratio due to overcoming of agency prob-
lem. The performance of high-leveraged firms deteriorates with more leverage due
to two reasons. First, they have fewer incentives to further invest in capital. Second,
serving of their debt requires excessive cash flow (Coricelli et al., 2012). Following the
intuition above, the leverage and its square term are controlled for. I apply its most
referenced definition, which is the ratio of total liabilities to shareholders’ equity.

Firm’s daily activities require sufficient level of working capital. It is equal to the
amount of cash resources immediately available to cover current debts and other obli-
gations. This indicator is often referred to as liquidity. Wang (2002) argued that there
is a tradeoff between liquidity and operating performance.

On the one hand, firms with more liquidity are more protected against the risk of
default. Some of empirical studies, e.g. Jose et al. (1996), Wang (2002), García-Teruel
and Martínez-Solano (2007), revealed that profitability increases with lower invest-
ment in working capital. On the other hand, if the level of working capital is reduced
too much, the firm loses its ability to adjust the level of sales in accordance with actual
market situation (see e.g. Wang (2002)).

I this study I control for current ratio, that is computed as the ratio of current assets
to current liabilities. Baños-Caballero et al. (2012) found inverted U-shaped relation-
ship between liquidity and profitability of small and medium-sized enterprises (SME).

Aktas et al. (2015) argued that expected relation between working capital and firm
performance is negative at high level of liquidity and positive at its low level. There-
fore, in present research current ratio is introduced as right-hand side variable in both
linear and quadratic terms.

Functioning of energy utilities is subject of national regulation. Despite much effort
dedicated by European Commission, EU members still differ a lot in terms of con-
trol over energy production. A sound example is the nuclear phase-out in Germany.
Tax legislation is another source of cross-country dissimilarities. Therefore, a part of
variation in performance of utilities could be attributed to their location. I account
for cross-national differences by controlling for production capacities installed in Ger-
many, France, United Kingdom, Italy, Portugal, Spain, Czech Republic and Poland. I
also include variables catching capacities in Benelux and Nordic EU countries. Such
aggregations are possible due to high similarities between corresponding countries.

Present paper addresses the timespan between 2005 and 2013. This period included
global financial crisis. Macroeconomic conditions were different in various years be-
fore and after its start. Firm-level performance should be directly affected by macroe-
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conomics trends. Another source of year-to-year variation is the change in legislation.
As an example, one could think about application of the Third European Union’s En-
ergy Package (Directive 2009/72/EC) in September 2009. This major switch in EU
legislation environment should have altered energy utilities’ performances. I control
for unobservable time-specific factors by introducing year fixed effects.

4 Results

At the first stage relative performance scores are calculated basing on DEA output-
oriented model with undesirable output. Their values are reported in Table 5. I repre-
sent the evolution of performance graphically on Figure 2 below.

Figure 2: Evolution of performance scores
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Between 2005 and 2009 individual efficiencies of energy utilities had been changing
ambiguously with overall decreasing trend. One could note the rise in performance in
2010. This local growth might be caused by adoption in September 2009 of Third Eu-
ropean Union’s Energy Package (Directive 2009/72/EC). It is further advance towards
common European market.

I use second-stage regression analysis in order to check for causal relation between
EU energy utilities and their M&A activity. Simar and Wilson (2007) argued that two-
stage DEA approach could be biased in case of high correlations between fist-stage
input-output variables and second-stage controls. The actual correlation matrix is re-
ported in Table A2. It is worth noting that the absolute value of correlation with DEA
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components don’t exceed 0.55. Therefore, all of controls are appropriate. Distribution
of performance with respect to main control variables is represented on boxplots in
Figure 3.

Core regression analysis is devoted to estimate Equation (1). First, I address out-
come of mergers completed in the year when performance is measured (period t).
Meanwhile, delayed-in-time effect of deals is highly probable. Therefore, I separately
regress performance scores on lagged with 1 and 2 years M&A dummies. Detailed
results are reported in Tables 6 to 10. In each table estimations with both logit (odd
columns) and probit (even columns) link functions are showen. In every regression I
control for year fixed effects, as well as for location of production capacities. I summa-
rize signs and significance of obtained coefficients of interest in Table 3 below.

Table 3: Summarized results

Variables of interest
Period of completion

t t-1 t-2

Merger -** +**
CB merger -* +*
Dom. merger -*** +**/***
Buyer -** +*
CB buyer -* +** +*
Dom. buyer -***
Seller +**
CB seller +*/**
Dom. seller -** +***

N 135 135 120

Notes: Table represents results of assessing M&A dummies of interest over three
periods. If a coefficient is statistically significant, its sign is reported. *, ** and ***
indicate significance at the 10, 5 and 1 percent levels.

Following discussion is based on the concept that targets are typically underper-
forming firms (“lemons”).5 Blonigen et al. (2014) showed that targets are bought when
their price is relatively low, which takes place after a negative productivity shock. They
pointed that in later period “lemons” evolve to well-performing “cherries”. Assuming
that acquired utilities are “lemons”, two simultaneous effects should take place. On
the one side, acquirers have to overcome incoming inefficiency in short and medium-
term run. On the other side, vendors would be expected to strengthen their efficiency
as long as they get rid of non-efficient entities.

5Some theoretical studies, e.g. Manne (1965) and Jensen and Ruback (1983) predicted selection of
badly performing firms as targets for M&As. Recent models by Nocke and Yeaple (2007) and Neary
(2007) also supported this hypothesis. Lichtenberg et al. (1987) were first to prove it empirically.
McGuckin and Nguyen (1995) argued that large inefficient plants are more likely to be bought than
closed. Balsvik and Haller (2010) revealed that a drop in total factor productivity precedes acquisitions.
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A merger in broad sense immediately deteriorates performance of energy utility
(Columns 1 and 2 in Table 6). Coefficient of interest is significant at 5% level. Neg-
ative short-run effect could indicate that the deterioration of acquirer’s performance
dominates over vendors’ efficiency gains. This effect doesn’t sustain in one-year term
(Columns 3 and 4). Mergers, which were completed two years ago, positively con-
tribute to performance (Columns 5 and 6). Over two-year horizon previously under-
performing entities “lemons” turn to be over-performing “cherries”.

However, such hypothesis sustains only under assumption that targets systemati-
cally underperform prior to merger. Employed dataset doesn’t allow computing tar-
gets’ performance. Therefore, mentioned channel should be seen as only one of plau-
sible explanations. Further in-depth identification is needed to clearly isolate effects. I
decompose M&As into cross-border and domestic deals, as well acquisitions and sell-
offs.

Both domestic and cross-border deals negatively influence performance in short-
run (columns 1-2, in Table 7). One should note that domestic mergers are more detri-
mental. The timing of positive outcome differs. International M&As turn to bring ad-
ditional performance the year that follows completion of the merger. Domestic deals
are efficiency-enhancing in two-year term. However, for further interpretation, acqui-
sitions and sell-offs should be differentiated.

Statistically significant negative effect of undifferentiated acquisitions is observed
in short-run (see columns 1-2 in Table 8a). This effects turns to be positive over two-
year horizon (columns 5-6). One could interpret such result following the reasoning
of acquired “lemons”, which later evolve to “cherries”. However, positive long-term
result is weakly significant (10% level, only for logit link function).

In order to reveal underlying differences between cross-border and domestic acqui-
sitions, I further oppose their impacts on performance. Detailed results are reported
in Table 9. Both domestic and cross-border intakes demonstrate negative short-run
effect (see columns 1-2 in Table 9a and Table 9b). Incoming inefficiencies of acquired
“lemons” are stronger in case of domestic deals. Corresponding effect has greater sta-
tistical significance and magnitude. Cross-border buyers further gain in efficiency in
one- and two-year terms due to the integration of “cherries” in their production struc-
ture. This doesn’t happen in case of same-type domestic merger.

An often-discussed in general literature motivation for sell-off is that some pro-
ducing entities are under-performing (“lemons for sale”). However, there could be
industry-specific reasons. Fist, energy utilities could face overall non-optimality of
production capacities’ allocation in terms of e.g. proximity to clients or connection to
transportation lines. Second, the composition of production “energy mix” could be
such that the high share of fossil sources is detrimental to environmental efficiency.

I found that energy producers, which are selling their subsidiaries either domes-
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tically or to foreign counter-parties, profit from positive effect over two-year horizon
(columns 5-6 in Table 8b). This could be interpreted such that it takes two years for en-
ergy producers to fully re-adjust their production structure. No short run post-merger
alterations were found (columns 1-4). The ambiguity of this result could be attributed
differences between domestic and cross-border mergers.

I further decompose sell-offs to international and domestic ones. Cross-border sell-
ers immediately profit from the rise in their performance (Table 7a). Corresponding
coefficients are significant at 5% level for specifications with logit link function (col-
umn 1) and at 1 % level for probit (column 2). The short-term effect could be explained
by selling less efficient entities. However, cross-border merger status is no longer im-
portant one and two years later.

Positive short-term post-merger performance outcome is not observed in case of
domestic sell-offs. Moreover, I revealed negative immediate impact (see columns 1-2 in
Table 10a). Positive effect of selling “lemons” doesn’t work while selling subsidiaries to
domestic counter-parties. It could be largely mitigated by strengthening of local com-
petitors’ market positions, which detriments performance of merging utility. Domestic
sellers profit from higher performance at the end of two-year term (columns 5-6). This
effect could be explained by successful re-adjustment of structure and location of pro-
duction capacities, which doesn’t happen in case of cross-border sell-offs.

It is worth noting that positive impact of M&As of various types is mostly ob-
served two years after their completion. Such delay could be potentially explained by
the time needed to perform internal post-merger adjustments. Utilities need to adapt
managerial practices and administrative structure, so that new entity would be fully
integrated. Another plausible industry-specific explanation is that certain amount of
time is spent to re-shape the energy mix being involved in the production of electricity.

Interpretation of control variables could serve to understanding of energy firms’
efficiency. Share of own generation in amounts of energy sold demonstrates positive
impact. Indeed, vertical integration influences functioning of power industry. Linear
term of CurrentRatio has positive sign, while its quadratic term is negative. Therefore,
I revealed inverted U-shape relationship. Performance grows with more available free
cash. Energy utilities, which are less financially constrained in short-term, are better
able to adapt after the merger. Meanwhile, performance deteriorates if too much cash
is extracted from production.

5 Concluding Remarks

Since 1990s European electricity market has undergone an intensive liberalization.
Cross-border mergers and acquisitions were its principal driving force. This paper
addresses the question on how surge of M&As influenced the efficiency of energy util-

17



ities. I account for late stages of liberalization, which were initiated with ratification of
Second and Third European Union’s Energy Packages.

Two-stage Data envelopment analysis (DEA) is employed in order to assess the
performance of 15 biggest European energy producers. At first step, comprehensive
efficiency scores are computed basing on 2-by-2 input-output matrix. I take as inputs
total operating expenditures (TOPEX) and installed capacities, which are involved in
electricity production. Yearly power generation and CO2 emissions are introduced as
desirable and undesirable outputs, respectively. This is the first, to my knowledge,
attempt in M&A literature to address post-merger performance with respect to the
environmental influence.

Panel dataset comprises the period of 2005-2013. Data on installed capacities, en-
ergy production and emissions is extracted from Enerdata’s Power Plant Tracker and
Energy Utilities Watch. SDC Platinum is the source of information on M&A activity.
Firm-level financial controls are taken from Orbis by Bureau van Dijk and Thomson
One by Thomson Reuters.

At the first stage the output-oriented optimization program is solved for entire 9-
year period. At the second stage DEA performance scores are regressed with GEE
population-averaged model, which accounts for their relative nature. I decompose en-
ergy deals with respect to their nature (acquisition or sell-off) and international dimen-
sion. Obtained categorical dummies are estimated in separate specifications. I control
for numerous financial and non-financial intra-firm characteristics, which might affect
performance.

Results suggest that biggest European energy producers face immediate post-merger
performance losses. In two-years term they benefit from increased performance. How-
ever, immediate increase in performance is obtained as the result of selling subsidiaries
to foreign counter-parties. This effect doesn’t sustain over long run. The impact of do-
mestic sell-offs is to some extent opposite to the one of cross-border deals. They are
detrimental in short run because of post-merger strengthening of competition on local
market. However, domestic sell-offs are beneficial in long term due to achievement of
more efficient allocation of production capacities.

I showed that acquisitions alter efficiency in a different way. Cross-border and do-
mestic intakes diminish firm-level performance in the short run. This is the result of
acquiring under-performing producing entities. International intakes, on the contrary,
increase performance in long term. Acquired foreign under-performing “lemons” evolve
to “cherries”, which significantly contributes to efficiency of parental energy firm.

Potential direction of further research is the investigation of post-merger outcomes
for target energy utilities. A sample that would comprise small energy producers
should be created for that purpose.
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7 Tables and figures

Table 4: DEA and control variables

Variable Definition Data sources

Panel A: DEA input-output variables

Capacity Total installed capacities involved in electricity generation (MW) Enerdata and corporate reports
TOPEX Total operational expenditures of energy production (M¤) Thomson One
PowerGen Physical amounts of generated electricity (TWh) Enerdata and corporate reports
Emissions CO2 emissions (gCO2 per kWh) Enerdata, corporate reports

and PricewaterhouseCoopers
(2013a)

Panel B: Nonfinancial controls

TwoMergers Dummy that is equal to one if firm has been involved in M&As both in the period of interest
and one year before

SDC Platinum*

TwoCBMergers Dummy that is equal to one if firm has been involved in cross-border M&As both in the period
of interest and one year before

SDC Platinum*

GenToSales The share of own generation in total amounts of sold energy Enerdata and corporate reports*
CapacityByCountry Installed capacities (MW) in separate countries: Germany, France, UK, Italy, Portugal, Spain,

Czech Republic, Poland, Benelux, Nordic EU countries
Enerdata and corporate reports*

Panel C: Financial controls

K/S The ratio of long term tangible assets (property, plant, and equipment) to net sales Thomson One*
Y/S The ratio of operating income to net sales Thomson One*
I/K The ratio of capital expenditures to tangible long term assets (property, plant, and equipment) Thomson One*
Leverage Financial leverage computed as the ratio of total liabilities to shareholders’ equity Thomson One*
Current ratio The ratio of current assets to current liabilities BvD Orbis

Notes: Table represents definitions and sources of employed variables. * indicates cases where own computations were undertaken basing on the initial data.
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Table 5: DEA scores

Firm name Headquarter location 2005 2006 2007 2008 2009 2010 2011 2012 2013

CEZ A.S. Prague, Czech Republic .9554 .89 .9763 .8742 .8285 .8183 .8143 .7848 .7782
E.ON SE Dusseldorf, Germany .8464 .9301 .7978 .8315 .8013 .7883 .7652 .7607 .7798

EDISON S.P.A. Milan, Italy .7895 .7989 .77 .7463 .6061 .6022 .5466 .5853 .5053
EDP S.A. Lisbon, Portugal .6499 .6402 .5784 .5279 .5286 .5424 .5199 .5135 .5344

EDF SA Paris, France 1 1 .9921 .9756 .9758 .9949 1 .9724 .9838
ENBW AG Karlsruhe, Germany .9456 .9109 .8896 .7855 .7566 .8242 .7997 .7944 .7634

ENDESA S.A. Madrid, Spain .7959 .8141 .7568 .7314 .6779 .645 .6757 .6977 .6552
ENEL SPA Rome, Italy .548 .5271 .5275 .6095 .5691 .6169 .6085 .6076 .5847

FORTUM OYJ Espoo, Finland .9126 .9116 .9374 .8565 .8193 .8703 .8564 .8734 .7816
IBERDROLA SA Bilbao, Spain 1 .9904 1 .9409 .9394 .9353 .9915 .9698 .9203

RWE AG Essen, Germany .8087 .8245 .9411 .8119 .8183 .8574 .7898 .7923 .8113
VATTENFALL AB Stockholm, Sweden .5993 .6219 .5901 .6441 .6467 .6879 .6314 .5906 .6073

VERBUND AG Vienna, Austria .9137 .9277 .874 .8931 .7071 .8002 .77 .8029 .8112
ENI SPA Rome, Italy 1 .9137 .9309 .8978 .8009 .8528 .855 .9251 .9044

GDF SUEZ Courbevoie, France .8264 .6889 .6814 .6939 .7408 .7138 .667 .7054 .8307

Notes: Table reports calculated DEA performance scores. A firm has the unity score in a given year if in this year it is most efficient
comparing to all other utilities over 9-year period.
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Table 6: Impact of M&As on productivity

(1) (2) (3) (4) (5) (6)
Logit Probit Logit Probit Logit Probit

Merger -0.13∗∗ -0.080∗∗

(0.054) (0.035)
Merger t-1 0.020 0.015

(0.048) (0.028)
Merger t-2 0.12∗∗ 0.068∗∗

(0.056) (0.033)
TwoMergers 0.13∗∗ 0.082∗∗ 0.0090 0.0089 0.14 0.079

(0.068) (0.037) (0.11) (0.058) (0.094) (0.055)
TwoCBMergers -0.10 -0.062 -0.089 -0.056 -0.20∗ -0.12∗

(0.092) (0.053) (0.094) (0.054) (0.11) (0.067)
GenToSales 0.53 0.34 0.61 0.35 0.65 0.42

(0.43) (0.25) (0.49) (0.27) (0.42) (0.26)
K/S 0.13 0.067 -0.10 -0.024 -0.24 -0.21

(0.25) (0.16) (0.26) (0.16) (0.29) (0.18)
K/S square 0.076 0.043 0.13 0.065 0.14 0.093∗

(0.076) (0.052) (0.081) (0.054) (0.090) (0.056)
I/K -1.33∗∗∗ -0.81∗∗∗ -1.33∗∗∗ -0.77∗∗∗ -1.07∗ -0.65∗

(0.42) (0.28) (0.49) (0.28) (0.61) (0.38)
Y/S -1.52∗∗ -1.11∗∗∗ -1.37∗ -0.99∗∗ -1.36∗ -0.97∗∗

(0.65) (0.38) (0.75) (0.41) (0.80) (0.47)
Leverage -0.070 -0.033 -0.082 -0.035 -0.15 -0.076

(0.097) (0.057) (0.11) (0.063) (0.14) (0.082)
Leverage square 0.0080 0.0039 0.010 0.0046 0.014 0.0064

(0.0092) (0.0054) (0.010) (0.0059) (0.013) (0.0082)
CurrentRatio 0.77∗ 0.47∗ 0.50∗ 0.33 0.57 0.31

(0.41) (0.25) (0.28) (0.20) (0.35) (0.22)
CurrentRatio square -0.32∗∗ -0.19∗∗ -0.22∗∗ -0.14∗∗ -0.22∗ -0.12

(0.14) (0.085) (0.091) (0.069) (0.13) (0.081)
Constant 0.67 0.42 0.91 0.51 0.96∗ 0.59∗

(0.55) (0.35) (0.58) (0.37) (0.57) (0.34)

Year FE Yes Yes Yes Yes Yes Yes
Location controls Yes Yes Yes Yes Yes Yes
Observations 135 135 135 135 120 120

Notes: Table reports detailed estimations of population-averaged GEE model. Dependent variable
is DEA performance score. Semirobust standard errors clustered on firm-level are reported in
parentheses. *, ** and *** indicate significance at the 10, 5 and 1 percent levels.
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Table 7a: Impact of cross-border mergers on productivity

(1) (2) (3) (4) (5) (6)
Logit Probit Logit Probit Logit Probit

CB merger t -0.092∗ -0.056∗

(0.053) (0.032)
CB merger t-1 0.076∗ 0.040∗

(0.042) (0.023)
CB merger t-2 0.093 0.050

(0.067) (0.041)
TwoMergers 0.065 0.038 0.0045 0.011 0.11 0.061

(0.078) (0.042) (0.084) (0.046) (0.10) (0.058)
TwoCBMergers -0.058 -0.035 -0.13 -0.077 -0.18 -0.098

(0.10) (0.060) (0.098) (0.056) (0.13) (0.074)
GenToSales 0.51 0.32 0.64 0.35 0.72 0.43

(0.45) (0.26) (0.49) (0.27) (0.46) (0.28)
K/S 0.15 0.084 -0.12 -0.019 -0.32 -0.22

(0.29) (0.18) (0.27) (0.16) (0.30) (0.18)
K/S square 0.074 0.040 0.13 0.062 0.16∗ 0.098∗

(0.085) (0.057) (0.085) (0.057) (0.092) (0.057)
I/K -1.14∗∗∗ -0.70∗∗∗ -1.32∗∗∗ -0.76∗∗∗ -0.95 -0.56

(0.41) (0.26) (0.50) (0.28) (0.71) (0.42)
Y/S -1.33∗∗ -1.01∗∗∗ -1.16 -0.89∗∗ -1.16 -0.85

(0.66) (0.38) (0.79) (0.43) (0.94) (0.54)
Leverage -0.090 -0.043 -0.090 -0.039 -0.20 -0.099

(0.099) (0.059) (0.11) (0.062) (0.17) (0.10)
Leverage square 0.010 0.0051 0.011 0.0051 0.020 0.0094

(0.0092) (0.0056) (0.0099) (0.0058) (0.018) (0.011)
CurrentRatio 0.67∗ 0.41∗ 0.57∗∗∗ 0.36∗∗ 0.40 0.24

(0.35) (0.21) (0.20) (0.17) (0.35) (0.22)
CurrentRatio square -0.28∗∗ -0.17∗∗ -0.24∗∗∗ -0.15∗∗∗ -0.18 -0.10

(0.12) (0.071) (0.060) (0.056) (0.13) (0.078)
Constant 0.75 0.46 0.84 0.49 1.06∗ 0.65∗

(0.59) (0.38) (0.55) (0.36) (0.60) (0.36)

Year FE Yes Yes Yes Yes Yes Yes
Location controls Yes Yes Yes Yes Yes Yes
Observations 135 135 135 135 120 120

Notes: Table reports detailed estimations of population-averaged GEE model. Dependent vari-
able is DEA performance score. Semirobust standard errors clustered on firm-level are reported
in parentheses. *, ** and *** indicate significance at the 10, 5 and 1 percent levels.

Table 7b: Impact of domestic mergers on productivity

(1) (2) (3) (4) (5) (6)
Logit Probit Logit Probit Logit Probit

Domestic merger t -0.14∗∗∗ -0.079∗∗∗

(0.047) (0.028)
Domestic merger t-1 -0.043 -0.024

(0.048) (0.027)
Domestic merger t-2 0.13∗∗∗ 0.072∗∗

(0.047) (0.029)
TwoMergers 0.071 0.047 0.037 0.026 0.12 0.074

(0.096) (0.050) (0.11) (0.060) (0.092) (0.053)
TwoCBMergers -0.12 -0.070 -0.097 -0.060 -0.24∗∗ -0.14∗∗

(0.11) (0.059) (0.10) (0.059) (0.11) (0.066)
GenToSales 0.73∗ 0.40 0.61 0.34 0.86 0.51

(0.44) (0.24) (0.49) (0.27) (0.53) (0.31)
K/S -0.19 -0.057 -0.11 -0.029 -0.51 -0.32

(0.21) (0.12) (0.28) (0.16) (0.32) (0.20)
K/S square 0.14∗∗ 0.070∗ 0.13 0.066 0.22∗∗ 0.13∗∗

(0.066) (0.043) (0.087) (0.056) (0.10) (0.062)
I/K -1.64∗∗∗ -0.90∗∗∗ -1.41∗∗∗ -0.82∗∗∗ -1.28∗ -0.72∗

(0.53) (0.30) (0.51) (0.28) (0.76) (0.43)
Y/S -1.56∗∗ -1.07∗∗∗ -1.44∗∗ -1.02∗∗∗ -1.47∗ -1.00∗∗

(0.71) (0.38) (0.71) (0.39) (0.86) (0.49)
Leverage -0.090 -0.042 -0.091 -0.040 -0.12 -0.055

(0.098) (0.054) (0.11) (0.064) (0.14) (0.081)
Leverage square 0.0084 0.0040 0.011 0.0051 0.0097 0.0040

(0.0095) (0.0054) (0.010) (0.0060) (0.015) (0.0087)
CurrentRatio 0.48∗ 0.30 0.45∗∗ 0.30∗ 0.36 0.22

(0.29) (0.19) (0.22) (0.17) (0.29) (0.19)
CurrentRatio square -0.23∗∗ -0.14∗∗ -0.20∗∗∗ -0.13∗∗ -0.15 -0.087

(0.093) (0.062) (0.072) (0.059) (0.11) (0.069)
Constant 0.99∗∗ 0.57∗ 1.01∗ 0.57 1.06∗ 0.64∗

(0.50) (0.31) (0.58) (0.37) (0.60) (0.36)

Year FE Yes Yes Yes Yes Yes Yes
Location controls Yes Yes Yes Yes Yes Yes
Observations 135 135 135 135 120 120

Notes: Table reports detailed estimations of population-averaged GEE model. Dependent variable
is DEA performance score. Semirobust standard errors clustered on firm-level are reported in paren-
theses. *, ** and *** indicate significance at the 10, 5 and 1 percent levels.
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Table 8a: Impact of acquisitions on productivity

(1) (2) (3) (4) (5) (6)
Logit Probit Logit Probit Logit Probit

Buyer t -0.12∗∗ -0.076∗∗

(0.060) (0.036)
Buyer t-1 0.079 0.046

(0.055) (0.030)
Buyer t-2 0.098∗ 0.047

(0.059) (0.035)
TwoMergers 0.073 0.044 -0.0063 0.0036 0.12 0.064

(0.076) (0.042) (0.10) (0.055) (0.11) (0.062)
TwoCBMergers -0.096 -0.057 -0.11 -0.069 -0.20 -0.11

(0.086) (0.049) (0.086) (0.050) (0.14) (0.080)
GenToSales 0.54 0.34 0.66 0.36 0.81∗ 0.47∗

(0.43) (0.25) (0.54) (0.29) (0.44) (0.27)
K/S 0.15 0.087 -0.17 -0.046 -0.39 -0.25

(0.27) (0.16) (0.28) (0.17) (0.35) (0.21)
K/S square 0.065 0.035 0.14∗ 0.069 0.17 0.10

(0.085) (0.053) (0.085) (0.056) (0.10) (0.062)
I/K -1.13∗∗∗ -0.67∗∗∗ -1.46∗∗∗ -0.84∗∗∗ -1.18∗ -0.66∗

(0.40) (0.25) (0.53) (0.30) (0.67) (0.39)
Y/S -1.42∗∗ -1.03∗∗∗ -1.52∗ -1.09∗∗ -1.33 -0.96∗

(0.63) (0.36) (0.78) (0.43) (0.90) (0.50)
Leverage -0.096 -0.046 -0.074 -0.031 -0.16 -0.076

(0.098) (0.058) (0.11) (0.064) (0.16) (0.091)
Leverage square 0.011 0.0055 0.0098 0.0044 0.016 0.0070

(0.0092) (0.0054) (0.010) (0.0059) (0.016) (0.0093)
CurrentRatio 0.61∗∗ 0.37∗∗ 0.50∗ 0.33∗ 0.35 0.21

(0.31) (0.19) (0.27) (0.20) (0.30) (0.19)
CurrentRatio square -0.26∗∗ -0.15∗∗ -0.22∗∗∗ -0.14∗∗ -0.15 -0.088

(0.10) (0.062) (0.087) (0.068) (0.12) (0.072)
Constant 0.71 0.43 0.92 0.52 1.09∗ 0.66∗

(0.58) (0.36) (0.59) (0.38) (0.64) (0.38)

Year FE Yes Yes Yes Yes Yes Yes
Location controls Yes Yes Yes Yes Yes Yes
Observations 135 135 135 135 120 120

Notes: Table reports detailed estimations of population-averaged GEE model. Dependent variable
is DEA performance score. Semirobust standard errors clustered on firm-level are reported in
parentheses. *, ** and *** indicate significance at the 10, 5 and 1 percent levels.

Table 8b: Impact of sell-offs on productivity

(1) (2) (3) (4) (5) (6)
Logit Probit Logit Probit Logit Probit

Seller t -0.072 -0.042
(0.050) (0.030)

Seller t-1 -0.015 -0.0069
(0.046) (0.026)

Seller t-2 0.062∗∗ 0.039∗∗

(0.029) (0.017)
TwoMergers 0.065 0.042 0.021 0.017 0.12 0.072

(0.088) (0.047) (0.092) (0.050) (0.093) (0.053)
TwoCBMergers -0.085 -0.053 -0.088 -0.055 -0.21∗ -0.12∗

(0.099) (0.055) (0.099) (0.057) (0.12) (0.068)
GenToSales 0.60 0.35 0.63 0.35 0.71 0.42

(0.47) (0.26) (0.49) (0.27) (0.48) (0.29)
K/S -0.10 -0.027 -0.14 -0.037 -0.34 -0.22

(0.27) (0.17) (0.26) (0.16) (0.29) (0.18)
K/S square 0.13 0.068 0.14∗ 0.069 0.18∗ 0.11∗

(0.083) (0.057) (0.082) (0.054) (0.091) (0.055)
I/K -1.46∗∗∗ -0.83∗∗∗ -1.41∗∗∗ -0.82∗∗∗ -1.05 -0.60

(0.47) (0.29) (0.54) (0.30) (0.73) (0.42)
Y/S -1.42∗∗ -1.03∗∗∗ -1.47∗ -1.04∗∗ -1.26 -0.88∗

(0.69) (0.39) (0.82) (0.45) (0.87) (0.50)
Leverage -0.077 -0.035 -0.085 -0.037 -0.14 -0.073

(0.098) (0.058) (0.11) (0.063) (0.13) (0.078)
Leverage square 0.0087 0.0042 0.011 0.0048 0.014 0.0064

(0.0094) (0.0055) (0.0100) (0.0059) (0.014) (0.0083)
CurrentRatio 0.52∗ 0.33 0.44∗ 0.30 0.52 0.31

(0.30) (0.21) (0.24) (0.18) (0.35) (0.22)
CurrentRatio square -0.22∗∗ -0.14∗∗ -0.20∗∗ -0.13∗∗ -0.22∗ -0.13

(0.095) (0.068) (0.080) (0.063) (0.13) (0.078)
Constant 0.94 0.55 0.99∗ 0.56 0.93 0.57

(0.57) (0.37) (0.57) (0.36) (0.58) (0.35)

Year FE Yes Yes Yes Yes Yes Yes
Location controls Yes Yes Yes Yes Yes Yes
Observations 135 135 135 135 120 120

Notes: Table reports detailed estimations of population-averaged GEE model. Dependent vari-
able is DEA performance score. Semirobust standard errors clustered on firm-level are reported in
parentheses. *, ** and *** indicate significance at the 10, 5 and 1 percent levels.
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Table 9a: Impact of domestic acquisitions on productivity

(1) (2) (3) (4) (5) (6)
Logit Probit Logit Probit Logit Probit

Domestic buyer t -0.20∗∗∗ -0.12∗∗∗

(0.056) (0.032)
Domestic buyer t-1 0.049 0.028

(0.073) (0.042)
Domestic buyer t-2 0.12 0.067

(0.080) (0.047)
TwoMergers 0.041 0.031 0.011 0.011 0.11 0.069

(0.085) (0.045) (0.100) (0.054) (0.10) (0.059)
TwoCBMergers -0.071 -0.049 -0.086 -0.053 -0.22∗ -0.12∗

(0.092) (0.051) (0.098) (0.056) (0.13) (0.073)
GenToSales 0.67 0.38 0.63 0.36 0.94∗ 0.53∗

(0.42) (0.24) (0.52) (0.29) (0.55) (0.32)
K/S -0.049 -0.00031 -0.15 -0.054 -0.54 -0.33

(0.22) (0.13) (0.27) (0.16) (0.35) (0.22)
K/S square 0.11 0.055 0.15∗ 0.074 0.22∗∗ 0.13∗

(0.071) (0.046) (0.083) (0.054) (0.11) (0.067)
I/K -1.51∗∗∗ -0.82∗∗∗ -1.37∗∗∗ -0.80∗∗∗ -1.19 -0.66

(0.46) (0.27) (0.50) (0.29) (0.75) (0.42)
Y/S -1.51∗∗ -1.07∗∗∗ -1.48∗ -1.06∗∗ -1.47∗ -1.01∗∗

(0.69) (0.37) (0.78) (0.46) (0.88) (0.49)
Leverage -0.084 -0.041 -0.091 -0.041 -0.13 -0.062

(0.098) (0.054) (0.100) (0.058) (0.15) (0.086)
Leverage square 0.0088 0.0045 0.011 0.0052 0.013 0.0059

(0.0095) (0.0052) (0.0092) (0.0053) (0.016) (0.0091)
CurrentRatio 0.76∗∗∗ 0.47∗∗ 0.47∗ 0.31 0.27 0.17

(0.29) (0.20) (0.26) (0.20) (0.27) (0.17)
CurrentRatio square -0.34∗∗∗ -0.20∗∗∗ -0.21∗∗ -0.13∗∗ -0.13 -0.079

(0.096) (0.067) (0.086) (0.068) (0.10) (0.065)
Constant 0.72 0.43 0.94 0.53 1.12∗ 0.68∗

(0.57) (0.35) (0.60) (0.38) (0.61) (0.37)

Year FE Yes Yes Yes Yes Yes Yes
Location controls Yes Yes Yes Yes Yes Yes
Observations 135 135 135 135 120 120

Notes: Table reports detailed estimations of population-averaged GEE model. Dependent vari-
able is DEA performance score. Semirobust standard errors clustered on firm-level are reported in
parentheses. *, ** and *** indicate significance at the 10, 5 and 1 percent levels.

Table 9b: Impact of cross-border acquisitions on productivity

(1) (2) (3) (4) (5) (6)
Logit Probit Logit Probit Logit Probit

CB buyer t -0.11∗ -0.067∗

(0.061) (0.036)
CB buyer t-1 0.084∗∗ 0.044∗∗

(0.037) (0.020)
CB buyer t-2 0.12∗ 0.061

(0.062) (0.040)
TwoMergers 0.064 0.037 0.00030 0.0094 0.097 0.054

(0.081) (0.044) (0.089) (0.048) (0.11) (0.060)
TwoCBMergers -0.085 -0.049 -0.13 -0.080 -0.18 -0.097

(0.090) (0.051) (0.093) (0.053) (0.14) (0.079)
GenToSales 0.54 0.34 0.67 0.36 0.73 0.44

(0.46) (0.27) (0.51) (0.28) (0.45) (0.27)
K/S 0.14 0.079 -0.16 -0.023 -0.32 -0.22

(0.29) (0.17) (0.27) (0.16) (0.32) (0.20)
K/S square 0.067 0.037 0.14 0.064 0.15 0.093

(0.086) (0.054) (0.086) (0.057) (0.098) (0.060)
I/K -1.08∗∗ -0.66∗∗ -1.44∗∗∗ -0.81∗∗∗ -1.05 -0.61

(0.42) (0.26) (0.52) (0.28) (0.67) (0.40)
Y/S -1.39∗∗ -1.02∗∗∗ -1.33∗ -0.99∗∗ -1.15 -0.87

(0.64) (0.36) (0.75) (0.40) (0.93) (0.53)
Leverage -0.10 -0.048 -0.074 -0.031 -0.19 -0.092

(0.099) (0.058) (0.10) (0.060) (0.16) (0.094)
Leverage square 0.012 0.0057 0.0097 0.0043 0.018 0.0082

(0.0092) (0.0054) (0.0098) (0.0056) (0.016) (0.0094)
CurrentRatio 0.54∗ 0.32∗ 0.51∗∗ 0.34∗ 0.25 0.16

(0.28) (0.17) (0.25) (0.19) (0.34) (0.22)
CurrentRatio square -0.23∗∗ -0.13∗∗ -0.22∗∗∗ -0.14∗∗ -0.11 -0.067

(0.090) (0.056) (0.077) (0.064) (0.14) (0.083)
Constant 0.80 0.48 0.90 0.51 1.14∗ 0.69∗

(0.55) (0.35) (0.56) (0.36) (0.64) (0.39)

Year FE Yes Yes Yes Yes Yes Yes
Location controls Yes Yes Yes Yes Yes Yes
Observations 135 135 135 135 120 120

Notes: Table reports detailed estimations of population-averaged GEE model. Dependent variable
is DEA performance score. Semirobust standard errors clustered on firm-level are reported in
parentheses. *, ** and *** indicate significance at the 10, 5 and 1 percent levels.
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Table 10a: Impact of domestic sell-offs on productivity

(1) (2) (3) (4) (5) (6)
Logit Probit Logit Probit Logit Probit

Domestic seller t -0.12∗∗ -0.064∗∗

(0.054) (0.031)
Domestic seller t-1 -0.048 -0.028

(0.064) (0.035)
Domestic seller t-2 0.090∗∗∗ 0.051∗∗∗

(0.028) (0.018)
TwoMergers 0.052 0.036 0.029 0.021 0.11 0.067

(0.099) (0.053) (0.094) (0.052) (0.094) (0.053)
TwoCBMergers -0.094 -0.057 -0.088 -0.054 -0.21∗ -0.12∗

(0.10) (0.056) (0.096) (0.055) (0.12) (0.068)
GenToSales 0.71 0.38 0.62 0.35 0.77 0.45

(0.49) (0.27) (0.49) (0.28) (0.50) (0.29)
K/S -0.25 -0.095 -0.13 -0.045 -0.41 -0.25

(0.25) (0.15) (0.26) (0.16) (0.31) (0.19)
K/S square 0.16∗∗ 0.081∗ 0.14∗ 0.070 0.19∗∗ 0.11∗

(0.075) (0.048) (0.081) (0.053) (0.096) (0.058)
I/K -1.53∗∗∗ -0.87∗∗∗ -1.43∗∗∗ -0.84∗∗∗ -1.10 -0.64

(0.55) (0.30) (0.52) (0.30) (0.76) (0.43)
Y/S -1.51∗∗ -1.04∗∗∗ -1.49∗ -1.06∗∗ -1.37 -0.95∗

(0.73) (0.40) (0.78) (0.43) (0.89) (0.51)
Leverage -0.10 -0.047 -0.089 -0.039 -0.13 -0.065

(0.096) (0.054) (0.11) (0.064) (0.13) (0.077)
Leverage square 0.011 0.0049 0.011 0.0051 0.012 0.0054

(0.0093) (0.0054) (0.010) (0.0059) (0.014) (0.0084)
CurrentRatio 0.31 0.21 0.45∗ 0.29∗ 0.45 0.27

(0.21) (0.15) (0.23) (0.17) (0.32) (0.20)
CurrentRatio square -0.15∗∗ -0.097∗∗ -0.20∗∗∗ -0.13∗∗ -0.19 -0.11

(0.064) (0.046) (0.076) (0.059) (0.12) (0.073)
Constant 1.14∗∗ 0.65∗∗ 0.99∗ 0.57 1.00∗ 0.61∗

(0.53) (0.33) (0.56) (0.35) (0.59) (0.36)

Year FE Yes Yes Yes Yes Yes Yes
Location controls Yes Yes Yes Yes Yes Yes
Observations 135 135 135 135 120 120

Notes: Table reports detailed estimations of population-averaged GEE model. Dependent variable
is DEA performance score. Semirobust standard errors clustered on firm-level are reported in paren-
theses. *, ** and *** indicate significance at the 10, 5 and 1 percent levels.

Table 10b: Impact of cross-border sell-offs on productivity

(1) (2) (3) (4) (5) (6)
Logit Probit Logit Probit Logit Probit

CB seller t 0.12∗∗ 0.067∗

(0.051) (0.034)
CB seller t-1 0.067 0.039

(0.068) (0.037)
CB seller t-2 -0.014 -0.0028

(0.061) (0.036)
TwoMergers -0.018 -0.0048 0.011 0.012 0.098 0.060

(0.095) (0.054) (0.083) (0.046) (0.11) (0.060)
TwoCBMergers -0.11 -0.063 -0.085 -0.054 -0.19 -0.11

(0.091) (0.054) (0.094) (0.054) (0.13) (0.074)
GenToSales 0.72 0.40 0.60 0.35 0.81 0.46

(0.51) (0.29) (0.47) (0.27) (0.53) (0.31)
K/S -0.25 -0.12 -0.10 -0.033 -0.43 -0.25

(0.23) (0.14) (0.26) (0.16) (0.35) (0.21)
K/S square 0.16∗∗ 0.086∗ 0.13 0.068 0.19∗ 0.11∗

(0.074) (0.046) (0.082) (0.054) (0.10) (0.062)
I/K -1.27∗∗ -0.77∗∗ -1.26∗∗ -0.74∗∗ -1.15 -0.66

(0.64) (0.33) (0.51) (0.29) (0.80) (0.45)
Y/S -1.54∗∗ -1.05∗∗∗ -1.23∗ -0.92∗∗ -1.41 -0.96∗

(0.76) (0.40) (0.73) (0.40) (0.95) (0.53)
Leverage -0.10 -0.047 -0.092 -0.040 -0.12 -0.060

(0.11) (0.065) (0.11) (0.065) (0.15) (0.088)
Leverage square 0.013 0.0058 0.011 0.0051 0.012 0.0058

(0.010) (0.0062) (0.010) (0.0060) (0.016) (0.0094)
CurrentRatio 0.23 0.16 0.46∗∗ 0.30∗ 0.37 0.23

(0.22) (0.17) (0.22) (0.17) (0.28) (0.18)
CurrentRatio square -0.12 -0.082 -0.20∗∗∗ -0.13∗∗ -0.17 -0.098

(0.081) (0.061) (0.070) (0.057) (0.11) (0.066)
Constant 1.17∗∗ 0.67∗∗ 0.92 0.53 1.05∗ 0.64∗

(0.52) (0.33) (0.56) (0.36) (0.59) (0.35)

Year FE Yes Yes Yes Yes Yes Yes
Location controls Yes Yes Yes Yes Yes Yes
Observations 135 135 135 135 120 120

Notes: Table reports detailed estimations of population-averaged GEE model. Dependent vari-
able is DEA performance score. Semirobust standard errors clustered on firm-level are reported
in parentheses. *, ** and *** indicate significance at the 10, 5 and 1 percent levels.
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Appendix A. Descriptive statistics and correlations

Table A1: Descriptive statistics

Mean St. Div. Min p25 p50 p75 Max N

Panel A: DEA input-output variables

Capacity 39204.3 34670.5 4500 13402 32224 49582 140400 135
TOPEX 31730.3 29882.8 1607.3 8894.5 19520.7 50066 131791.8 135
PowerGen 159.2 153.8 18.7 54.3 129.1 223.7 654 135
Emissions 374.8 179.7 38 244 391 480 866 135

Panel B: Nonfinancial controls

TwoMergers 0.36 0.48 0 0 0 1 1 135
TwoCBMergers 0.18 0.38 0 0 0 0 1 135
GenToSales 0.77 0.20 0.32 0.63 0.78 0.88 1.29 135

Panel C: Financial controls

K/S 1.29 0.60 0.35 0.72 1.30 1.70 2.98 135
I/K 0.12 0.067 0.029 0.079 0.10 0.14 0.42 135
Y/S 0.15 0.087 -0.0080 0.090 0.12 0.22 0.35 135
Leverage 2.90 1.95 0.75 1.47 2.09 3.64 8.53 135
CurrentRatio 1.10 0.24 0.51 0.95 1.08 1.21 2.10 135

Notes: Table reports descriptive statistics. P25, P50 and P75 stand for 25, 50 and 75 percentiles accordingly.

Table A2: Correlation matrix
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C
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io

Capacity 1.00
TOPEX 0.52* 1.00
PowerGen 0.97* 0.48* 1.00
Emissions -0.09 0.18* -0.02 1.00
GenToSales 0.37* -0.09 0.38* -0.03 1.00
TwoMergers 0.04 -0.11 0.06 0.22* 0.11 1.00
TwoCBMergers 0.10 0.11 0.07 0.09 -0.11 0.64* 1.00
K/S -0.00 -0.55* 0.01 -0.51* 0.46* 0.17* -0.00 1.00
I/K -0.15 0.37* -0.12 0.35* 0.03 0.02 0.05 -0.38* 1.00
Y/S -0.33* -0.53* -0.28* -0.23* 0.34* 0.20* -0.04 0.69* -0.10 1.00
Leverage 0.52* 0.13 0.55* 0.01 0.04 -0.11 -0.04 -0.08 -0.08 -0.31* 1.00
CurrentRatio 0.02 0.10 0.09 0.02 0.04 -0.03 0.06 -0.03 0.04 0.01 -0.03 1.00

Notes: Table reports correlations between DEA components and second-stage control variables. * indicates significance at 5
percent level.
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Figure 3: Correlations between performance and control variables
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