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Abstract

Purpose – The purpose of this paper is to examine the impact of merger and acquisition (M&As) of
“second financial restructuring” (SFR) on the productivity growth of commercial banks in Taiwan.

Design/methodology/approach – The paper uses the Malmquist productivity change index to
evaluate the changes from pre-SFR to SFR period and from pre-SFR to post-SFR period. In addition,
the bootstrapping regression method is applied to examine the relationship of SFR policy and
productivity change.

Findings – Merged banks have improved their productivity and scale efficiency after the M&As
program of SFR. In addition, the greater productivity growth of merged banks than non-merged banks
is attributed to small-sized and private-voluntary merged banks. Furthermore, the small-sized merged
banks have greater productivity growth and scale efficiency improvement than the big-sized merged
banks, and the government-mandatory merged banks have lower productivity growth than
private-voluntary merged banks after the SFR.

Research limitations/implications – This study has an academic implication for providing
additional empirical evidence related to the impact of government M&As policy on bank productivity
growth in the developing countries.

Practical implications – The findings on this paper have implications for financial reform policy
and banking management on M&As activity, in particular, as they clarify the differential effects of
big-sized vs small-sized and government-mandatory vs private-voluntary merged banks.

Originality/value – Understanding the impacts of financial reform is particularly important as
the banking industry has become increasingly competitive. This paper contributes to this area by
assessing the impact of the M&As policy of SFR on productivity growth and evaluating differential
effects of M&As.

Keywords Data envelopment analysis, Mergers and acquisitions, Financial reform,
Malmquist productivity change index

Paper type Research paper

1. Introduction
With the globalization, liberalization and innovation of financial markets over the past
two decades, the banking industry has become increasingly competitive. The rapid
increase in merger and acquisition (M&As hereafter) transactions since 1990s may be
one of the strategies adopted by business to cope with difficulties faced by firms in the
competitive environment. The economic theory and industry practitioners indicated
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that M&As may reduce costs, increase profits, improve productivity, gain market
power, and achieve scale and scope economies. M&As activities are especially
pronounced in the financial sectors. Bank managers increase scale of operations
through M&As (Cavallo and Rossi, 2001; Focarelli and Pozzolo, 2001) for survive or
promoting competitive advantages. The market forces and regulatory reforms also
urge banks to engage in M&As (Berger, 2003) for improving productivity.

The impact of M&As on bank productivity has been widely studied with
approximately 98 percent of this research which focuses on banks of industrialized and
liberalized countries (Group of Ten, 2001; Berger and Mester, 2003; Berger, 2003;
Amel et al., 2004; Casu et al., 2004; Cummins and Xie, 2008). In these countries, financial
institutions process M&As activities for success and survival voluntarily. However,
the studies of banking M&As in developing economies are somehow scant. Usually,
the government plays an important role in M&As activities in these countries. Banks
are often key instruments of government-orchestrated economic development policy
(Hsiao et al., 2010), and the impact of M&As induced by regulatory reforms is different
from those of liberalized countries.

Many literatures have attempted to measure the performance improvement from
M&As activities (Group of Ten, 2001; Amel et al., 2004; DeYoung et al., 2009),
particularly on the banking sectors of the USA. However, the empirical evidences of the
impact of M&As on the banking productivity are mixed (Amel et al., 2004). Some
studies report positive productivity effects from M&As (Havrylchyk, 2004; Mylonidis
and Kelnikola, 2005; Sherman and Rupert, 2006; Al-Sharkas et al., 2008; Cummins and
Xie, 2008; Siriopoulos and Tziogkidis, 2010), while others report negative productivity
effects or no effect after M&As (Group of Ten, 2001; Amel et al., 2004; Rezitis, 2008;
Abdul-Majid et al., 2011; Halkos and Tzeremes, 2013).

In this study, we investigate empirically the effect of M&As activities on developing
economies by examining whether the banking reform in Taiwan, the so-called “second
financial restructuring” (SFR), has accomplished its mission to improve the productivity
of the banking sector. Banking in Taiwan has been a highly regulated industry,
commensurate with its importance in the financial system as well (Hsiao et al., 2010). In
efforts to promote Taiwan as a financial service center in Asia-Pacific and to strengthen
the competitiveness for banking industry, the Taiwan regulatory authorities
constructed restructuring programs, including the SFR. The core of SFR is to engage
M&As activities among financial institutions for the economies of scale, enhancing
firm’s value and promoting globalization and competitive advantages in the banking
industry. Taiwan Government anticipates the M&As program of SFR to accomplish
operation scale enlargement and productivity improvement in banking sectors.

Our research is to examine the M&As impacts of SFR on bank productivity growth.
We use the Malmquist productivity change index and its components, namely
technical change, pure efficiency change and scale efficiency change, to evaluate these
changes from pre-SFR to SFR period as well as changes from pre-SFR to post-SFR
period for a sample of 32 banks. We find that the merged banks have improved their
productivity and scale efficiency after the M&As program of SFR. The M&As result in
greater performance of merged banks than non-merged banks. We also find the greater
productivity growth of merged banks than non-merged banks is attributed to
small-sized and private-voluntary merged banks. Furthermore, the small-sized merged
banks show a greater productivity growth and scale efficiency improvement than the
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big-sized merged banks, and the government-mandatory merged banks have lower
productivity growth than private-voluntary merged banks after processing the M&As
activity.

Our study contributes to the literature in various ways. First, our contribution is
assessing the impact of SFR policy of Taiwan Government on productivity growth. Since
gaining operational synergies through M&As is crucial in producing a higher and
sustainable rate of economic growth, evaluating how M&As of SFR affecting productivity
growth would provide insights for bank management seeking for improvement in
operating performance and for policymakers considering financial reforms.

Second, our study evaluates differential effects of M&As on government-mandatory
merged banks and private-voluntary merged banks. In response to the challenge from
the global financial market competition, the regulation authority in Taiwan mandates
the government-controlled banks to engage in merger activities to accomplish the SFR
objectives. Most of M&As studies (Hahn, 2007; Cummins and Xie, 2008; Koetter, 2008;
Siriopoulos and Tziogkidis, 2010) are conducted for voluntary private banks in
free financial markets. Our study is the first to provide evidence of the impact of the
M&As on productivity changes of government-mandatory merged banks and
private-voluntary merged banks.

Third, our study provides additional empirical evidence for the impact of M&As
policy on bank productivity in developing countries. In the developing countries, bank
sector is often regulated by government-orchestrated economic development policy.
M&As activities may or may not bring optimal outcomes for developing countries
where markets and institutional structures are different from those of developed
countries. In the SFR, Taiwan regulatory authorities manipulate the merger activities
for government-controlled banks rather than employee voluntary M&As. Therefore, it
is important to examine the effects of government policy on bank productivity in
developing countries (Isik and Hassan, 2003).

The remainder of this paper is organized as follows. Section 2 provides institutional
background of Taiwan’s SFR program and a brief review of related literatures on
M&As and bank productivity to motivate research hypotheses. Section 3 presents
the research design including a description of sample data and the construction of the
Malmquist productivity change index. Section 4 discusses the empirical results. The
conclusions and implications of the study are presented in Section 5.

2. Institutional background, literature review and hypotheses development
2.1 Second financial restructuring
Through the 1970s and 1980s, the Taiwan economy grew rapidly due to government
policies to open foreign investment on the one hand. The accompanying accumulation
of assets led to a tremendous increase in financial activity. On the other hand, the
increasing labor costs and the appreciation of New Taiwan dollar (NTD) in the 1980s
sped up the globalization of Taiwanese capital by encouraging investment and other
financial involvement in overseas markets. However, since banks in Taiwan were
over-regulated, effectiveness of the financial market mechanism is restricted.

To overcome this problem, Taiwan opened its market for new banks in the early
1990s, resulting in the establishment of 16 new banks and creating an over-banking
problem (Hsiao et al., 2010). Over-banking stimulated severe market competition,
encouraged aggressive banking practices, and resulted in the non-performing loan
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ratio to an ever increasing high of 11.27 percent in 2001, which deteriorated asset
quality and financial structure of banks. In July 2002, the regulatory authority
inaugurated its “first financial restructuring” (FFR), requiring banks to have a
minimum capital adequacy ratio of 8 percent and a maximum non-performing loan
ratio of 5 percent by the end of 2003 to resolve the non-performing loan problems.

However, even after FFR, banking sectors still incurred many problems, including:
. over-banking phenomenon (there are still too many banks in the market.);
. small banking operation scale;
. too many homogenous banks;
. small profit margin; and
. lack of competitive advantages and globalization, as compared to other Asian

banks.

According to the Executive Yuan Economic Planning and Development (2004), the
market share of the top five banks in Taiwan accounted for 37 percent only, while in
Korea, Singapore, Japan, and Hong Kong they were 87, 73, 55 and 76 percent in 2004,
respectively. For Asian top 300 banks, the scales of banks of Hong Kong, Korea and
Singapore were 2.12, 2.76 and 4.67 times of Taiwan’s banks. To enlarge scale size and
to improve competitive advantages for banking industry, the SFR representing the
second phase of financial reform was initiated in September 2004. The government
anticipated to achieve the objectives by encouraging aggressive M&As of financial
institutions, government-owned banks in particular within two years. To speed up
M&As, the Financial Supervisory Commission (FSC) had been trying to create a
beneficial environment and incentives[1] for consolidation.

2.2 The impact of M&As of banks on banking productivity
In recent decades, severe competition in the banking sector stimulates M&As to be one
of the main strategies (Altunbas et al., 2001; Cavallo and Rossi, 2001) for obtaining the
anticipated operational synergies. M&As are motivated by value-enhancing factors
and non-value-enhancing factors, resulting in the improvements or deteriorations in
productivity (Cummins and Xie, 2008). Value-enhancing factors include economies of
scale, economies of scope, X-efficiency, market power, earnings diversifications,
corporate control, selective redeployment of assets, transfer of asset control to better
quality managers, and renegotiation of implicit labor contracts (Berger et al., 2001;
Bessler and Murtagh, 2002; Lambrecht, 2004; Cummins and Xie, 2008).
Non-value-enhancing factors are composed of agency problems, managerial hubris,
manager-utility-maximization, empire-building, managerial compensation, and
expense preference behavior (Bessler and Murtagh, 2002; Cummins and Xie, 2008).

Prior empirical studies report that M&As improve productivity. Havrylchyk (2004)
analyzed M&As taken place in Poland between 1997 and 2001 and found merged
banks have increased profitability as well as improved cost efficiency. Mylonidis and
Kelnikola (2005) investigated whether profit, operating efficiency, and labor
productivity ratios improved after mergers (1999-2000) for Greek banks. Their
results indicated that operating efficiency of merged banks did not improve after
mergers, but the merger had a positive impact on performance compared with the
non-merged banks. Sherman and Rupert (2006) found the merger benefits were not
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realized until four years later due to political pressures, personnel, system integration
issues, and financial components. Hahn (2007) investigated the 800 Austrian banks
participated in domestic mergers from 1996 to 2002 and found merged banks achieved
a higher productivity than non-merged banks. The merger gains remained significant
over a longer period of time (more than five years), but exhibited a slight tendency to
level off. Al-Sharkas et al. (2008) found that mergers in the US banking industry
improved the cost and profit efficiencies. Koetter (2008) found German bank mergers
had persistent improvements in terms of profit efficiency. Siriopoulos and Tziogkidis
(2010) evaluated the M&As efficiency of Greek commercial banks from 1995 to
2003 and found a relatively increase in management efficiency on average during
the periods.

In contrast to these positive effects of M&A activities on productivities, other
studies found that M&As had no effect or had a negative effect on productivity.
Group of Ten (2001) indicated that while more efficient banks acquire relatively
inefficient banks, there is little evidence of subsequent cost reduction and
improvement. Amel et al. (2004) found that M&As did not significantly improve
cost, profit efficiency or shareholder value. Many studies found that scale economies
exist only for very small and medium-sized banks but not for large banks
(Altunbas et al., 2001; Group of Ten, 2001; Amel et al., 2004). Rezitis (2008) examined
the M&As impact on the technical efficiency and total factor productivity of the Greek
banking sectors during the period of 1993-1994. The results indicated that M&As
effects on technical efficiency and total factor productivity growth of Greek banks are
rather negative. Abdul-Majid et al. (2011) also found that merged banks have higher
input usage and lower productivity change and M&As have not contributed positively
to bank performance. Halkos and Tzeremes (2013) applied the DEA to investigate the
degree of operating efficiency gains of 45 possible M&As in the Greek banking
industry over the period from 2007 to 2011. The results indicated the majority of the
potential bank M&As under examination are unable to generate short-run operating
efficiency gains.

In this study, we examine the productivity change index and its components of the
banking sector from pre-merger to merger period and from pre-merger to post-merger
period in Taiwan. We develop the research hypotheses in the following sections.

2.3 Research hypotheses
The objective of SFR is anticipated to enlarge operation scale and improve productivity
for banking sectors by aggressively encouraging the M&As of financial institutions.
To speed up the M&As activities, the regulatory authorities created a beneficial
environment and offered many tax and non-tax incentives for financial institutions.
We therefore expect the performance of merged banks would improve after merger to
meet SFR objectives compared to non-merged banks, as suggested by previous studies
(Berger, 2003; Havrylchyk, 2004; Hahn, 2007; Cummins and Xie, 2008). Thus, we
construct our first hypothesis as follows:

H1. Merged banks improve their productivity after the SFR, compared to
non-merged banks.

However, some studies found M&As yield productivity growth or economies of scale for
small and medium-sized banks, but not for large banks (Berger and Humphrey, 1997;
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Altunbas et al., 2001; Group of Ten, 2001; Amel et al., 2004). They consider that due to
small operation scale, the return to scale will increase following scale expansion through
M&As for small and medium-sized banks. The big-sized merged banks do not result in
scale economies due to decreased return to scale and operation complexity. Therefore,
we anticipate productivity growth and scale efficiency improvement of small-sized
merged banks are greater than big-sized merged banks after the M&As. Thus, the
second hypothesis is stated as follows:

H2. For merged banks, productivity growth and scale efficiency improvement of
small-sized merged banks are greater than big-sized merged banks after the
M&As of SFR.

During SFR period (2005-2007), there are 15 M&A transactions occurred. Three out of
these 15 are state-controlled banks and are initiated by the government. These M&As
activities result in the top three largest banks in Taiwan. They are Bank of Taiwan,
Mega International Commercial Bank and Taiwan Cooperative Bank. The remaining
12 are M&As initiated by the private-voluntary banks, which are publicly listed
commercial banks and established in the early 1990 when Taiwan opened its financial
market.

In Asia, state ownership of banks is often used as a source of government revenue to
assist national economic development policies (Williams and Nguyen, 2005) rather than
seeking the profit maximization as that of private banks. Furthermore, Levine (1997)
suggested that state-owned banks could induce increased risk and poor allocation of
assets. The SFR mandated government-mandatory merged banks to process merger
activity, while the private-voluntary merged banks owned by the public proceed the
M&As voluntarily. Therefore, we anticipate the government-mandatory merged banks
have a negative impact on productivity growth compared to private-voluntary merged
banks after M&As. Accordingly, we propose the following research hypothesis:

H3. For merged banks, productivity growth of government-mandatory merged
banks is smaller than private-voluntary merged banks after the M&As
of SFR.

3. Methodology
3.1 Data and sample
The sample of banks included in this study is obtained from the Taiwan Economic
Journal (TEJ) database, the Central Bank of the Republic of China, the FSC of Executive
Yuan, and other related resources. The official statistical data consists of 49 banks in
2004, 45 banks in 2005, 41 banks in 2006, 39 banks in 2007, and 37 banks in each of
2008[2], 2009 and 2010. Although the government promoted the SFR – M&As policy
and expected to accomplish the M&A activities within two years (2005-2006), some
merger transactions were not finished until 2007. Thus, this study regards SFR period
as 2005-2007. To reduce the FFR (2002-2003) confounding effect, our study period is
from 2004 to 2010. The research period includes three sections: pre-SFR (2004), the SFR
(2005-2007) and post-SFR (2008-2010). We begin with an original sample of 37 banks
but eliminate three banks due to exceptional business types and two banks due to
incomplete data.

The total sample consists of 32 banks over the period 2004-2010. 15 are merged
banks and the remaining 17 are non-merged banks. Our research is to examine the
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M&As impacts of SFR on bank productivity growth. We use the Malmquist
productivity change index and its components to evaluate and compare these changes
from pre-SFR to SFR period and from pre-SFR to post-SFR period. Meanwhile, we treat
consolidated reporting entities from M&As transaction as a single entity and name it
as merged banks.

3.2 Data envelopment analysis and Malmquist productivity index
We employ data envelopment analysis (DEA) to estimate the Malmquist productivity
change index as well as its corresponding components. DEA introduced by
Charnes et al. (1978) and extended by Banker et al. (1984) has been used to evaluate
banking efficiency and productivity change in response to financial reforms (Casu et al.,
2004; Cook et al., 2004; Park and Weber, 2006; Cummins and Xie, 2008; Banker et al.,
2010; Hsiao et al., 2010; Sanyal and Shankar, 2011).

Let Yjt ¼ (y1jt, . . . , yrjt, . . . , yRjt) $ 0 and Xjt ¼ (x1jt, . . . , xijt, . . . , xIjt) $ 0, j ¼ 1, . . . ,
N, t ¼ 0 (i.e. pre-SFR period) or 1 (i.e. the SFR period or post-SFR period), be the
observed output and input vectors generated from an underlying production set
St ¼ {(Yt, Xt)j outputs Yt can be produced from inputs Xt at period t} for a sample of
N commercial banks in Taiwan. The input-oriented efficiency of a bank observation
(Yjt, Xjt) at period t, relative to benchmark technology St from period t, measured
radially by the reciprocal of Shephard’s (1970) distance function, is given by:

u t
jt ¼ u tðYjt;XjtÞ ¼ inf{u tjðYjt; u

tX jtÞ [ St}:

Assume that the production set St is monotonically increasing and convex. We can then
follow Banker (1993) to obtain a consistent estimator of u t

jt, ûjt by solving the following
DEA model:

û
t

jt ¼ Min u ð1:0Þ

s:t:
j

X
ljtxijt # uxijt ;i ¼ 1; . . . ; I ð1:1Þ

j

X
ljtyrjt $ yrjt ;r ¼ 1; . . . ;R ð1:2Þ

j

X
ljt ¼ 1 ð1:3Þ

u; ljt $ 0 ;j ¼ 1; . . . ;N ð1:4Þ

where u is a scalar andljt are the best possible weights placed on each j ¼ 1, . . . ,N under
which bank j at period t is being evaluated using benchmark technology from period t.

DEA model in equations (1.0)-(1.4) allows variables returns to scale (VRS) to prevail

and is referred to as the BCC model of DEA (Banker et al., 1984), and the estimated û
t

jt

is labeled as as uv;tj;t where superscript v refers to VRS technology. If a constant return to
scale (CRS) technology assumption is maintained instead, the constraint in equation
(1.3) is removed and the resulting model is referred to as the CCR model of DEA
(Charnes et al., 1978), and the estimated û

t

jt is labeled as uc; tj;t , where superscript c refers
to CRS technology.
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Following Färe et al. (1992), the Malmquist productivity index to measure the
productivity change from pre-SFR (t ¼ 0) to SFR period (t ¼ 1) for a bank-year
observation j based on CRS production technology from period zero or period one can
be expressed as the geometric mean of two indices as follows:

M I01
j ¼

u
c;0
j;1

u
c;0
j;0

u
c;1
j;1

u
c;1
j;0

" #1=2

ð2Þ

Ray and Desli (1997) proposed further decomposition of Malmquist productivity
change index (MI 01) in equation (2) into indices of technical change (TC), pure
efficiency change (PEC) and scale efficiency change (SEC) under VRS production
technology as follows:

MI 01 ¼ TC £ PEC £ SEC ð3Þ

where:

TC ¼
u
v;0
j;1

u
v;1
j;1

u
v;0
j;0

u
v;1
j;0

" #1=2

; ð3aÞ

PEC ¼
u
v;1
j;1

u
v;0
j;0

; ð3bÞ

SEC ¼
u
v;1
j;0

u
c;1
j;0

u
c;1
j;1

u
v;1
j;1

u
v;0
j;0

u
c;0
j;0

u
c;0
j;1

u
v;0
j;1

" #1=2

: ð3cÞ

MI 01 measures the growth in productivity from pre-SFR to the SFR; TC is the technical
progress capturing the shift in the production frontier; PEC represents the change in
efficiency relative to their peers, reflecting movement toward or away from the
production frontier, and is referred to as the catching up to the frontier; and SEC
measures the average productivity progress towar-ds the most productive scale size
(Banker et al., 1984). A value greater than unity in MI 01, TC, PEC and SEC indicates an
improvement in that measure from pre-SFR to SFR period, and a value less than unity
indicates a deterioration in performance over time.

3.3 Selection of input and output variables
We extend the first financial reform issue of Hsiao et al. (2010) and use the Malmquist
productivity change index and its components to investigate the M&As impacts of
SFR on bank productivity growth. We employ DEA model to estimate the Malmquist
productivity change index as well as its corresponding components. Thus, we follow
Hsiao et al. (2010) to choose the same three outputs and three inputs for estimation of
banking productivity change. The three inputs are interest expenses, non-interest
expenses, and total deposits while the three outputs are interest revenue, non-interest
revenue, and total loans.
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4. Results and discussion
4.1 Descriptive statistics
Table I provides descriptive statistics for inputs, outputs, and the control variables in
regression analysis for years 2004, 2007, and 2010. As shown in Panels A and B, due to
the change in interest rate[3], the interest expense and revenue of 2007 are substantially
higher than those of 2004 and 2010. The monetary values are in NTD, where 1 US$ was
approximately equal to 30 NT dollars. In 2007, the mean (median) of the non-interest
expense and non-interest revenue increased dramatically which may be induced by
M&As activities. Furthermore, total deposits, total loans and total assets of 2010 are
higher than 2004. The result indicates bank scale enlargement after the merger of SFR.

In Panel C, the mean (median) of the non-performing loan ratio for years 2004, 2007,
and 2010 are 2.48 percent (2.33 percent), 2.11 percent (1.86 percent), and 0.71 percent
(0.58 percent), respectively, while mean (median) of the capital adequacy ratios are
10.72 percent (10.68 percent), 10.9 percent (10.54 percent), and 11.77 percent
(11.35 percent). These results reveal that banks continuously maintain and improve the
FFR requirement for enhancing banking and risk management practices.

Panel D presents the descriptive statistics for the merged banks and non-merged
banks separately. In 2007, the mean differences of interest expense (16,479.6
vs 11,152.4), non-interest expense (39,021.8 vs 24,149.1), total deposits (656,229.2 vs
482,574.6), interest revenue (26,696.6 vs 19,825.2), non-interest revenue (31,584.3 vs
16,285.3), and total loans (538,139.1 vs 418,114.4) between merged banks and
non-merged banks are higher than the mean differences (8,501.3 vs 6,657.6), (12,118.1
vs 12,847.2), (546,541.6 vs 472,747.2), (17,624.7 vs 17,306.1), (7,463.9 vs 5,498.6),
(409,796.7 vs 399,346.5) in 2004. The result suggests merged banks might be affected
by the M&As.

Panel D also shows that although the means of inputs, outputs and total assets of
merged banks are higher than non-merged banks, but the merged banks have
dissimilar scales due to lower medians and higher standard deviations. This result
indicates that further analysis by bank size might be necessary.

Table II presents the correlations among the variables in Table I. The correlations
among the input and output variables are significantly positive, consistent with
isotonicity relations and these variables are justified to be included in the model
(Golany and Roll, 1989). The control variables of non-performing loan ratio, capital
adequacy ratio, and total assets are correlated with input and output variables.

4.2 Sample of merged banks
In Table III, we list all merger transactions, including six mergers in 2005, five mergers
in 2006, and four mergers in 2007, total to 15 merger deals. Based on mean total assets
of sample banks in 2004, we partition our sample into big-sized and small-sized banks,
including seven big-sized and eight small-sized merged banks. The mean total asset of
big-sized merged banks is around 5.78 times of small-sized merged banks in 2004.
After M&As, the mean total asset of big-sized merged banks is around 5.95 times of
small-sized merged banks in 2007. The average sizes of big-sized and small-sized
merged banks grow up 19.09 and 15.68 percent, respectively, from pre-SFR to SFR
period.

Table III shows that out of 15 mergers, 12 are private-merged banks and three
government-merged banks. The former is considered as voluntary mergers and the
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later is considered as mandatory mergers. The sizes of government-mandatory merged
banks are much larger than private-voluntary merged banks and all these
government-mandatory merged banks belong to big-sized merged banks.

4.3 Merger impact of SFR on productivity change
4.3.1 Univariate analysis. Table IV presents the statistical results of productivity
change, technical change, pure efficiency change, and scale efficiency change between
groups. We use non-parametric statistics, including Mann-Whitney test and median
score test to examine mean differences between the groups. Panel A presents the
differences of productivity change, technical change, pure efficiency change, and scale
efficiency change from pre-SFR to SFR period and from pre-SFR to post-SFR period
between merged and non-merged banks. The mean productivity change and technical
change of merged banks is smaller than non-merged banks from pre-SFR to SFR
period (1.0514 vs 1.0897 and 0.9722 vs 1.0855), but the improvements in productivity
change, technical change, pure efficiency change, and scale efficiency change of
merged banks are greater than non-merged banks from pre-SFR to post-SFR period
(1.2831 vs 1.1605, 1.1697 vs 1.1128, 1.0110 vs 1.0000 and 1.1183 vs 1.0889). In addition,
there is no significant difference of productivity change index and its components
between 2004-2007 and 2004-2010 for non-merged banks, while for merged banks, the
differences of productivity growth (0.2318) and scale efficiency improvement (0.0505)
between 2004-2007 and 2004-2010 are statistically significant. Meanwhile, merged
banks have higher scale efficiency progress (0.027) than non-merged banks between
2004-2007 and 2004-2010. The evidences demonstrate merged banks have higher
productivity growth and scale efficiency progress after the M&As of SFR, compared to
the non-merged banks. The result supports H1.

Variable IE NIE TD IR NIR TL NPL CA TA

IE 1.0000 0.6039 0.7760 0.9246 0.5871 0.7923 20.0971 20.0069 0.7982
(0.00) (0.00) (0.02) (0.00) (0.03) (0.00) (0.34) (0.94) (0.00)

NIE 0.8227 1.0000 0.5995 0.6439 0.9754 0.5640 20.1707 0.0714 0.6005
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.09) (0.49) (0.00)

TD 0.8488 0.7786 1.0000 0.8317 0.5788 0.9803 20.2959 0.0679 0.9945
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.51) (0.00)

IR 0.9529 0.8487 0.8970 1.0000 0.5921 0.8598 20.1504 20.0033 0.8639
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.14) (0.97) (0.00)

NIR 0.7781 0.9149 0.8155 0.8046 1.0000 0.5268 20.2763 0.0695 0.5761
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.50) (0.00)

TL 0.8721 0.7721 0.9822 0.8973 0.7973 1.0000 20.2658 0.0123 0.9826
(0.00) (0.00) (0.07) (0.00) (0.00) (0.00) (0.00) (0.90) (0.00)

NPL 20.0416 20.1774 20.3944 20.1395 20.4237 20.3525 1.0000 20.1850 20.2911
(0.69) (0.08) (0.00) (0.17) (0.00) (0.00) (0.00) (0.07) (0.00)

CA 0.0341 0.1738 0.1799 0.1116 0.2350 0.1374 20.5030 1.0000 0.0684
(0.74) (0.09) (0.08) (0.28) (0.02) (0.18) (0.00) (0.00) (0.51)

TA 0.8724 0.7926 0.9923 0.9149 0.8240 0.9834 20.3801 0.1950 1.0000
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.05) (0.00)

Notes: Pearson correlations appear above the diagonal and Spearman correlations appear below the
diagonal; all variable definitions appear in Table I

Table II.
Correlation matrix among
these variables
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Panel B reports the differences of productivity index and its components of big-sized
and small-sized merged banks from pre-SFR to SFR period and from pre-SFR to
post-SFR period. The average productivity change, technical change, and scale
efficiency change of small-sized merged banks are 0.8691, 0.9027, 0.9620, respectively,
from pre-SFR to SFR period, which are significantly less than big-sized merged banks
(1.2596, 1.0648, 1.2391). This result shows that the small-sized merged banks do not yet
result in M&As benefit in the period (2004-2007), compared to big-sized merged banks.
However, small-sized merged banks experience a statistically greater growth than
big-sized merged banks in productivity growth (0.4561 vs 20.0245), technical progress
(0.2962 vs 0.0583), and scale efficiency improvement (0.1126 vs 20.0509) for the period
2004-2010 compared to the period 2004-2007, suggesting that small-sized merged
banks gain greater M&As benefits than big-sized merged banks after the SFR. The
result supports H2.

Panel C reports the statistical results of the difference between private-voluntary
and government-mandatory merged banks from 2004 to 2007 period and from 2004 to
2010 period. The average productivity change, technical change, pure efficiency
change and scale efficiency change of private-voluntary merged banks are 1.3411,
1.1962, 1.0138, 1.1110, respectively, from 2004 to 2010 period, which are greater than
government-mandatory merged banks (1.0513, 1.0240, 1.0000, 1.1579) except for scale
efficiency change. The private-voluntary merged banks reveal statistically greater
growth than government-mandatory merged banks after the M&As in productivity
growth (0.2838 vs 0.0234) and technical progress (0.2212 vs 0.0537), with an exception
in scale efficiency (0.0247 vs 0.1104)[4] for the period 2004-2010 compared to the period
2004-2007. Therefore, our study indicates private-voluntary merged banks improve the
productivity after the M&As of SFR, compared to government-mandatory merged
banks. The result supports H3.

As shown in Panel A, B, C of Table IV, we observe that M&As activities did not have
a completely positive impact on bank productivity growth. The government-mandatory
merged banks have less productivity change (1.0513) and technical change (1.0240) than
non-merged banks (1.1605, 1.1128) from pre-SFR to post-SFR period. These results also
reveal that merged banks have greater productivity growth than non-merged banks due
to small-sized and private-voluntary merged banks contributions.

4.3.2 Multivariate analysis. We use the second-stage procedure in equation (4) to
evaluate the effect of bank contextual variables on productivity change index and its
components based on prior research (Banker and Natarajan, 2008; Hsiao et al., 2010). We
investigate M&As effect of SFR program on productivity change index and its
components from pre-SFR to post-SFR period. We also examine the coefficient difference
between merged and non-merged banks, and between private-voluntary and
government-mandatory merged banks in equation (4a). To avoid the interaction
confounding effect of private-voluntary/government-mandatory and big-sized/small-sized
merged banks, we separate the equation (4b) to test whether H2 is confirmed.

We anticipate that the M&As transaction would have a differential effect on the
productivity change of merged and non-merged banks. We include MERGE variable to
examine the differences in productivity index and its components between merged and
non-merged banks. We also include GOV to control ownership effect (Das and Ghosh,
2006; Iannotta et al., 2007; Hsiao et al., 2010; Zhao et al., 2010). Furthermore, to
investigate the differential impact of M&As between the private-voluntary merged
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banks and the government-mandatory merged banks, we apply the interaction
variable MERGE*GOV in equation (4a). Finally, we include change rate in capital
adequacy ratio (DCA_R) and non-performing loan ratio (DNPL_R) and size (lnTA) to
control the impact on productivity based on prior studies (Berger and Mester, 2003;
Das and Ghosh, 2006; Hsiao et al., 2010). Specifically, we created the following
regression model (4a):

Change measure ðProductivity change; technical change;

pure efficiency change and scale efficiency changeÞ

¼ b0 þ b1MERGE þ b2GOV þ b3MERGE*GOV

þ b4DCA_R þ b5DNPL_R þ b6LnTAþ 1

ð4aÞ

To test the differential impact of M&As between big-sized and small-sized merged
banks, we include MERGE, SIZE dummy variable, others control variables and the
interaction variable MERGE*SIZE in equation (4b):

Change measure ðProductivity change; technical change;

pure efficiency change and scale efficiency changeÞ

¼ b0 þ b1MERGE þ b2SIZE þ b3MERGE*SIZE

þ b4DCA_R þ b5DNPL_R þ b6LnTAþ 1

ð4bÞ

where Change measures are estimated from equation (3). MERGE takes a value of 1 for
merged banks, and 0 for non-merged banks. GOV is an indicator for banks controlled
by government, and 0 for private ownership bank. MERGE*GOV is the interaction of
MERGE and GOV representing the effect of government-mandatory merged banks.
CA_R[5] and DNPL_R[6] are change rates of capital adequacy ratio and
non-performing loan ratio from 2004 to 2010. LnTA is the natural logarithm of total
assets and 1 is the disturbance term. SIZE takes a value of 1 for small-sized banks, and
0 for big-sized banks. MERGE*SIZE is the interaction of MERGE and SIZE
representing the effect of small-sized merged banks.

Due to small sample size, our study uses an ordinary least squares (OLS) regression
with bootstrapping (Efron and Tishbirani, 1993) to estimate equation (4a) and (4b). We
process 1,000 replicates (32,000 observations) of OLS regression analysis for
robustness estimation. The results of regression with bootstrapping are presented in
Table V[7]. Panel A shows the coefficients of MERGE variable are 0.2332, 0.1455,
0.0368, and 0.0216 on productivity change, technical change, pure efficiency change
and scale efficiency change, respectively, and are all significantly positive at 1 percent
level, suggesting that merged banks improve their productivity from pre-SFR to
post-SFR period, compared to the non-merged banks. The coefficients of
MERGE*GOV are 20.4248, 20.3605, 20.0103, and 0.0099 on productivity change,
technical change, pure efficiency change and scale efficiency change, respectively,
which are significantly negative at 1 percent level except for scale efficiency change.
The result demonstrates government-mandatory merged banks have less productivity
growth from pre-SFR to post-SFR period. Panel B also shows the coefficients
of MERGE are significantly positive except for technical change and the coefficient of
interaction variable MERGE*SIZE are 0.1839, 0.1721, 0.0077, and 0.0214 on
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productivity change, technical change, pure efficiency change and scale efficiency
change, respectively, and are significantly positive at 1 percent level. The result
supports that small-sized merged banks have greater productivity growth and scale
efficiency progress than the big-sized merged banks after the M&As of SFR. Therefore,
our H1-H3 are reconfirmed.

4.4 Sensitivity analyses
In this section we report a series of robust tests. First, we examine the four change
indexes from the SFR to post-SFR period to reconfirm the impacts after the M&As. We
find that the average changes in productivity, technical, pure efficiency and scale
efficiency of merged banks are 1.3209, 1.1820, 1.0093, and 1.1128, respectively, which
are greater than non-merged banks (1.2316, 1.1662, 0.9943, 1.0655). The scale efficiency
improvement of merged banks (1.1128) is significantly greater than non-merged banks
(1.0655). The small-sized merged banks also have significantly greater improvements
in productivity (0.2601 ¼ 1.4423 2 1.1822), technical efficiency
(0.257 ¼ 1.302 2 1.045) and scale efficiency (0.061 ¼ 1.1453 2 1.0843) from the SFR
to post-SFR period, compared to big-sized merged banks. The private-voluntary
merged banks reveal statistically greater growth than government-mandatory merged
banks in productivity growth (1.3517 vs 1.1978) and technical progress (1.1950 vs
1.1301). These results are consistent with Table IV and demonstrate that merged banks
have greater productivity growth than non-merged banks from the SFR to post-SFR
period, which results primarily from scale efficiency progress. Small-sized merged
banks have better productivity and scale efficiency improvement, and
private-voluntary merged banks have better productivity growth after the SFR.

Second, we process bootstrapping regression with 2,000 replicates (64,000
observations). The coefficients of MERGE, MERGE*GOV, MERGE*SIZE are
similar to Table V. For example, the coefficients of MERGE*GOV and
MERGE*SIZE in equation (4a) and (4b) are, respectively, 20.4266, 20.3699,
20.0111, 0.0139 and 0.1880, 0.1688, 0.0094, 0.0249. Third, we add a dummy variable
GROUP into the regression model (4a) and (4b) to control for holding-banks effect. The
coefficients of MERGE, MERGE*GOV are 0.2237, 0.1203, 0.0346, 0.0369 and 20.3907,
20.3213, 20.0075, 20.0035 in regression model (4a), respectively. The coefficients of
MERGE, MERGE*SIZE are, respectively, 0.0165, 20.0719, 0.0217, 0.0352 and 0.1715,
0.1478, 0.0083, 0.0251 in regression model (4b). These numbers are robust and
significant at 1 percent level, consistent with Table V.

5. Conclusion
The SFR representing the second phase of financial reform was inaugurated by
Taiwanese regulatory authority in 2004. The primary objective of SFR is to enlarge
operation scale and improve productivity for banking sectors by aggressively
encouraging M&As of financial institutions. Our research examines the M&As
impacts of SFR on bank productivity growth using the Malmquist productivity change
index and its components to evaluate and compare these changes from pre-SFR to SFR
period and from pre-SFR to post-SFR period. We find that the merged banks have
improved their productivity and scale efficiency after the M&As of SFR. The merged
banks have greater productivity growth than non-merged banks due to small-sized and
private-voluntary merged banks contributions. Furthermore, the small-sized merged
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banks have greater productivity growth and scale efficiency improvement than the
big-sized merged banks, and government-mandatory merged banks have lower
productivity growth than private-voluntary merged banks after the SFR.

The results of this study have implications for government policy decision and
banking management. First, the mission of the SFR – M&As policy is to accomplish
operation scale enlargement and productivity improvement in banking sectors. Our
study provides evidence that the SFR – M&As policy resulted in greater productivity
improvement for merged banks. Given an increasingly competitive environment where
inefficient institutions are difficult to survive, it is imperative for regulators and bank
managers to be knowledgeable about M&As effect on the banking industry and factors
that might improve or exacerbate M&As benefits. Second, this study finds that
small-sized merged banks have greater productivity and scale efficiency improvement
than big-sized merged banks, and the private-voluntary merged banks also have better
performance in productivity growth than government-mandatory merged banks after
the SFR. These findings suggest that the regulatory authority should provide
incentives for small-sized and private-voluntary commercial banks to proceed M&As
activity to enhance the competitiveness for banking industry. Third, this study has an
academic implication for providing additional empirical evidence related to the impact
of government M&As policy on bank productivity growth in developing countries.

However, a limitation of this study is that data size is small. Only 32 banks are used in
this study and are further partitioned into several groups to analyze the differential
M&As impact between groups. The bootstrapping method is adopted to reduce the
possible bias from the small sample and to increase the reliability of results for drawing
generalized conclusions. Several sensitivity analyses are tested. The results are robust.
Since the number of banks of M&A activities in China, Japan, Korea, Singapore, and
other countries is also small, our study could provide a basis for future research.

Notes

1. The merged financial institutions were exempt from land value increment taxes, stamp taxes,
and other taxes. Losses resulting from the sale of bad debts because of a merger could be
amortized over a 15-year period. The law provided a legal basis for establishing asset
management corporations (AMC) to help dispose of non-performing assets in the banking sector.

2. Two banks (The Chinese Bank and Bowa Bank) were merged by foreign banks in 2008 and
were excluded from our sample. So, the numbers of commercial bank are reduced to 37 in
2008.

3. One-year-deposit rate was about 2.5 percent in 2007, compare to 2004 (1.6 percent) and
2010 (1.1 percent).

4. Some of the private-voluntary merged banks are part of big-sized merged banks. So, average
scale efficiency improvement of private-voluntary merged banks is not necessarily greater
than government-controlled merged banks.

5. It is measured by (CA2010 2 CA2004)/CA2004. Capital adequacy ratio is a measure of amount
of a bank’s capital expressed as a percentage of its risk weighted credit exposures.

6. It is measured by (NPL2010 2 NPL2004)/NPL2004. Non-performing loan ratio is defined as
total non-performing loans divided by total loans.

7. We use Belsley et al. (1980) diagnostic for collinearity and White’s (1980) test for
heteroscedasticity. We do not find evidence of collinearity and heteroscedasticity problem in
regression models.
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