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Abstract

This study used dynamic data envelopment analysis (DEA) to determine whether theoretical merger and acquisitions (M&As) among 33 banks in Taiwan would have presented potential gains. The empirical results of this study show that potential merger efficiency effects can be positive or negative. Mergers do not guarantee potential gains. Individual banks with the poorest efficiency can increase their operating efficiency via mergers and have the best potential gains, which means that banks can derive improvements in economies of scope via mergers by increasing income diversity. 
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Introduction
With enterprises aiming to increase their market share, enhance their profitability, and internationalize their distribution in the capital market, mergers and acquisitions (M&As) have become common corporate events in the last century. M&As influence not only organizational restructuring and the rights and obligations of stakeholders but stabilize competition in a country’s market. Successful M&As offer economies of scale and economies of scope, so corporate M&A activities gain attention from both the academia and the industry. The Financial Holding Company  Act (FHCA) was passed in 2001 in Taiwan, after which 16 financial holding companies (FHCs) were established in 2018. In a highly competitive international finance environment, Taiwan government is encouraging M&A among banks, especially to those with inferior operation revenue. To this end, there are more cases of banks with good operation revenue merging banks with inferior revenue or merging small-scale banks by large ones.

To prevent corporate mergers from disrupting market transactions in Taiwan, the Fair Trade Act (FTA) was enacted. Any mergers that meet FTA criteria must be approved beforehand, and the FTA authority approves or rejects applications based on overall economic benefits and the possible disadvantages from competition restraints, or imposes conditions or undertakings that eliminate the disadvantages resulting from competition restraints. The so-called “overall economic benefits” in merger control are based on economic efficiency. According to the competition authority in most countries, overall economic benefits are a type of efficiency
.
Based on the international implementation experiences of competition laws, the “overall economic benefits” is a term that is the most difficult to be measured, quantified and detected, due to the difficulties of acquiring internal information (such as production and sales data) of the M&A enterprises. Therefore, there are more literatures of the term “competition restraints” than those focusing on quantitative analysis of overall economic benefits. With this view, this article selects 33 samples of Taiwanese commercial banks to explore their pre-merger potential overall economic benefits.

The competent authority have the power to approve or reject M&A applications, and it would be necessary to exclude any possibilities resulting to error of measuring efficiency. Therefore, this article is focusing on the following aspects: (1) long-term dynamics, because deposits and investment business of banks could be unlikely to change significantly in the short-term as well as possible time-lagged effects. Moreover, static DEA is the cross- sectional analysis method which cannot be applied to longitudinal analysis, it would be more appropriate to apply the long-term dynamic measurement method to analyze the banking industry; (2) linkage variables, although the Window analysis developed by Kloop (1985) and Malmquist index developed by Sten Malmquist are both DEA for longitudinal dynamic efficiency, there is no focus on the linkage effects for consecutive analysis periods such as the variable of business operation policies during consecutive annual periods which may affect policies of the next periods. If included, the dynamic efficiency evaluation analysis would provide more accuracy; (3) non-radial, non-oriented and slacks features, Avkiran et al. (2008) compare the radial and non-radial models and state that under the input or output-oriented assumptions, in an equal ration manner, radial model reduces the factors input or expands the factors output to the efficient frontier. However, our selected samples are Taiwanese bank holding companies and independent banks, whose business scales varied widely. If adopting radial model, analysis fairness would be insufficient. Therefore, this article adopts the dynamic SBM model of Tone (2010) and applies non-radial, non-oriented and slack of dynamic DEA as well as Merger Potential Gains Model by Halkos and Tzeremes (2013). Because issues such as the long-term dynamics, linkage variables, non-radial, non-oriented and slacks have been processed, it could respectively provide more accuracy and more potential benefit for review results to M&A cases by the competent authority and banking business operators.

Literature Review
Efficiency assessments can be pre-merger or post-merger. Rhoades (1993) measured efficiency by examining various expense ratios from the merger data of 898 banks between 1981 and 1986, and discovered that horizontal mergers did not increase efficiency. In addition, there were excessive deposits, and the merging banks displayed greater efficiency than the merged banks. Sinay and Campbell (1995) examined the efficiency of hospital mergers in the US in the 1980s, and their empirical results indicated that hospital mergers did increase efficiency. Using DEA, Avkiran (1999) studied the operating efficiency of trade banks in Australia from 1986 to 1995 and also found that mergers increased efficiency. The empirical results of the study conducted by Chen (2002) on post-merger efficiency in banks in Taiwan indicated that mergers can indeed increase technical efficiency. Ferrier and Valdmanis (2004) employed DEA to examine the short-term merger efficiency of hospitals in the US from 1996 to 1998 and discovered that while hospital mergers increased efficiency, they could not increase productivity. Kwon et al. (2008) analyzed the influence of mergers on efficiency in the telecommunications industry in the US using DEA, and their empirical results showed a negative impact on post- merger efficiency. Sufian et al. (2012) used DEA to compare 34 banks in Malaysia before mergers (1995-1996) and after mergers (2002-2009), finding that post-merger revenue efficiency did not improve significantly. Akinbuli and Kelilume (2013) studied 10 random successful bank mergers in Nigeria from 2002 to 2008 and discovered that the mergers were not done to adapt to the business environment but to comply with government regulations.  In the first two years after the mergers, the banks presented fairly substantial biannual income and asset scale, reduced costs, and increased earnings, but a swift increase in uncollectible accounts during the same period suggests that major crises were hidden under the rising revenue and earnings. Using European banks from 1990 and 2004 as examples, Asimakopoulos and Athanasoglou (2013) observed that shareholders received significantly abnormal returns after bank mergers; the acquirers received negative returns that were insignificant, while small banks and banks with poorer efficiency instead created more diverse income and greater value. Sami (2014) examined how of the merger of pharmaceutical companies Glaxo Wellcome and SmithKline Beecham (which, combined, became GlaxoSmithKline) influenced financial performance and found that the merger increased sales and net earnings but did not induce any significant changes in debt equity ratio and return on equity ratio.
Research involving pre-merger efficiency assessments includes the study by Bogetoft and Wang (2005), which used economies of scope as their theoretical foundation. They developed a merger potential gains model and decomposed the gains of mergers into technical efficiency effects, scaling or size effects, and scope, harmony, or mixture effects. Their merger samples comprised 71 agricultural consulting service offices in Denmark, and they used DEA to evaluate merger potential efficiency with four inputs and four outputs. Their empirical results indicated potential gains in efficiency after the potential mergers of the agricultural consulting service offices. Bagdadioglu et al. (2007) used the potential gains model developed by Bogetoft and Wang (2005) to assess the potential gains of potential mergers among 21 power companies in Turkey. Their empirical results showed that potential gains indeed existed in the potential mergers. With 36 hospitals in Denmark as potential merger samples, Kristensen et al. (2010) used bootstrap DEA to assess the technical efficiency, size (scale), and harmony (mix) gains of potential mergers. The empirical results indicated that potential mergers could indeed increase technical efficiency, but the significant post-merger scales of the hospitals would result in diseconomies of scale. Wu et al. (2011) used dynamic DEA and stochastic frontier analysis (SFA) to evaluate the technical efficiency, economies of scale, and economies of scope after bank mergers in Canada. The empirical results of both dynamic DEA and SFA demonstrated that the potential mergers could enhance overall efficiency. Halkos and Tzeremes (2013) established a potential gains model based on the scale and scope model used by Bogetoft and Wang (2005). They conducted ex-ante efficiency assessments of 45 potential merger combinations (that is, decision making units (DMUs)) among 18 Greek banks from 2007 to 2011, and their empirical results indicated that the potential mergers could not enhance efficiency or produce potential efficiency gains in the short term. Using DEA, Zschille (2015) evaluated the potential merger efficiency of 364 water companies in Germany in 2006. They decomposed merger gains into technical efficiency effects, scale effects, and harmony effects. Their empirical results showed that the potential mergers could indeed improve efficiency, the extent of improvement being greater in small water companies. Halkos et al. (2016) examined the potential merger efficiency of 97 regional banks in Japan from 2000 to 2008 using bootstrap DEA. Their empirical results revealed better potential merger efficiency performance in the potential mergers of smaller banks than those of larger banks. Furthermore, small regional banks were more likely to generate merger efficiency gains if they merged with nearby banks, while large banks could increase efficiency gains with mergers at greater distances. Shi et al. (2017) discussed the technical efficiency, economies of scale, and economies of scope in potential mergers among the top 20 competitive banks in China, and their empirical results indicated that the potential mergers could increase technical efficiency, harmony efficiency, and scale efficiency, mostly due to technical harmony efficiency. With 71 public hospitals in Greece as samples, Flokou et al. (2017) assessed potential efficiency gains using bootstrap DEA. They decomposed efficiency gains into technical (earning) effects, scope (or harmony), and scale effects, and their empirical results suggest that potential mergers could indeed increase efficiency. Setiawan and Pradipta (2017) examined the potential efficiency gains of commercial banks in India from 2002 to 2013 using DEA, and their empirical results indicated that potential mergers could increase technical efficiency, mostly due to self-learning efficiency rather than harmony efficiency or scale efficiency.
Methodology

SBM Model

DEA uses an isoquant to envelop the space in which the input and output variables of the assessed unit are projected. Efficiency is expressed using values from 0 to 1 depending on the distance between the projection point and the production frontier, with 1 indicating a projection point on the line with the best efficiency and values closer to 1 meaning better efficiency. Researchers later made DEA dynamic.


The DEA methods used to measure intertemporal changes in efficiency include window analysis and the Malmquist Index. Window analysis was proposed by Klopp in 1985, while the Malmquist Index was developed by Färe, Grosskoft, Norris, and Zhang (1994). However, neither include linking activities among consecutive periods. Later, Nemoto and Goto (1999, 2003), Sengupta (1999), Sueyoshi and Sekitani (2005), Chen (2009), Kao (2009, 2010, 2013), and Chang et al. (2009), and Tone (2010) incorporated SBM into dynamic DEA. This model is suitable for non- uniformly distributed inputs and outputs, and different weights can be assigned to the inputs and outputs depending on their degree of importance. It can also solve non-radial, non-oriented, and slack problems. Tone defined four types of carry-overs in dynamic DEA models. DEA model variables can be divided into three categories: input, output, and non-oriented, and SBM can be used to identify the optimal solution. Tone(2010) solves the problems in which inputs and outputs cannot be adjusted at equal proportions and rays do not pass through the origin, thereby developing an optimal approach for efficiency improvement and assessment.
This study used the model established based on Tone and Tsutsui (2010), which include T periods and n DMUs, each of which has different inputs, outputs, and carry-overs in period t, with period t linking to the next period, t+1. The details of the model are as follows:
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Non-oriented model:
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 to non-oriented model.
Here is the solution with most efficient:
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Pre-merger models
According to the economies of scope theory proposed by Baumol et al. (1983), two firms will be able to enjoy the economies of scope if their joint post-merger production costs are lower than the sum of their pre-merger individual production costs. For instance:
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The degree of economies of scope (DES) of Firm i is defined as
DESi=
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In the event that DESi >0, Firms A and B will enjoy economies of scope after merging. If DESi <0, then the merger between Firms A and B will result in diseconomies of scope. DESi =0 indicates that the economies of scope for Firms A and B will not be affected by the merger.
Halkos and Tzeremes (2013) and Halkos et al. (2016) developed a merger potential gains model:
DOEGVMA(B1,B2)=1-
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In this study, B1 and B2 denote Bank 1 and Bank 2. VMA(B1,B2) represents the potential gains of Banks 1 and 2. If DOEGVMA(B1,B2)>0, then there will be potential gains to be had from the bank merger and there will be the benefits of economies of scope. If DOEGVMA(B1,B2)<0, then there will likely be negative potential from the bank merger, which means diseconomies of scope and no efficiency, so the two banks are not a suitable fit for a merger. If DOEGVMA(B1,B2)=0, then the economies of scope of the two banks will not be affected by a merger.
Procedure of this study

This study was divided into five steps:
Step 1:Analyze operational performance of 33 banks in Taiwan from 2012 to 2017 using dynamic SBM. Designate the 12 banks with overall efficiency lower than the mean score (0.8502)as the merged samples and the other 21 banks as the merging samples.
Step 2: Create 252 DMU simulation potential mergers from the 12 merged samples (GA) and 21 merging samples (GB) in Step 1 using the economies of scope theory presented by Baumol et al. (1983).
Step 3: Analyze the efficiency of the 252 DMUs using dynamic SBM.
Step 4: Use the merger potential gains model developed by Halkos and Tzeremes (2013) and Halkos et al. (2016) to evaluate the merger potential gains of the 252 DMUs.
Step 5: Analyze, generalize, and assess the potential gains of the 252 potential mergers DMUs.
Data Sources And Variable Definitions
We examined the pre-merger potential efficiency gains of the 33 commercial banks listed in Table 1. The 12 banks with overall efficiency lower than the mean score (0.8502) from 2012 to 2016 served as the merged banks(GA), while the other 21 banks(GB) with overall efficiency higher than the mean value were designated as merging banks.
Our purpose in dividing the 33 banks into two groups (merged and merging) was to consider overall efficiency score while observing the project differences in the two groups. Figures 1 through 6 show that the GB project differences in 2012 were almost 0, but the GA project differences presented the greatest differences with too many fixed assets (-22.407%) and too little investment (44.761%). In 2013, the GB project differences were almost 0, but the GA project differences presented the greatest differences with too many fixed assets (-23.792%) and too little investment (37.275%). In 2014, the GB project differences were almost 0, but the GA project differences presented the greatest differences with too many fixed assets (-22.408%) and too little investment (36.081%). Furthermore, there were also too many employees hired (18.181%) and inadequate revenue of sales (21.804%). In 2015, the GB project differences were almost 0, but the GA project presented the greatest differences with a new high in fixed assets (-27.453%) and a new low in investment (44.717%). There also continued to be an excessive number of employees hired (18.689%). In 2016, the GB project differences were almost 0; the GA project differences presented slightly fewer fixed assets (-25.1422%) and slightly more investment (33.763%). However, the number of employees hired continued 
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	Table 1 Sample bank

	Group GA

Standard Chartered Bank (Taiwan) Limited [SCBL],Taichung Commercial Bank [TB], KGI Bank [KGIB], Union Bank of Taiwan [UBT], TC Bank [TCBK], Shin Kong Bank [SKB], Sunny Bank [SB], Hua Nan Bank [HNB], , E.Sun Commercial Bank [ESCB], Bank Sino Pac [BSP], JihSun Bank [JSB] , Bank of Panhsin [BOP], 

Group GB

King's Town Bank [KTB], Bank of Kaohsiung [BOK], Far Eastern International Bank [FEIB], Entie Commercial Bank [ECB], O-Bank [OB], Hwatai Bank [HB],COTA Bank [COTAB], Cathay United Bank [CUB], Taipei Fuban Bank [TFB] ,CTBC Bank [CTBC], Mega International Commercial Bank [MICB] , Taishin International Bank [TIB], and Bank of Taiwan [LBOT], Bank of Taiwan [BOT], Taipei Star Bank [TSB], The Shanghai Commercial & Saving Bank [SCSB], Taiwan Cooperative Bank [TCB],First Commercial Bank [FCB],, Yuanta Bank [YB], 

Taiwan Business Bank [TBB], Chang Hwa Bank [CHB]a

	Notes: a Abbreviation for bank name is in [.].

Data Resource: Banking Bureau, Market Observation Post System, Author's collection.


to increase (-19.301%), and revenue of sales were inadequate (13.498%). In 2017, the GB project differences were almost 0; the GA project differences presented slightly fewer fixed assets (-22.942%) but too little investment (41.727%). The number of employees hired displayed a slight decline (-15.255%). Aside from presently below-average efficiency, the GA group also continuously displayed project differences that weren’t ideal. The GA group thus served as the merged samples and the GB group as the merging samples. The 2012 to 2017 sample data for our pre-merger efficiency assessments of the 33 banks in Taiwan mainly came from the Taiwan Economic Journal (TEJ) database and annual reports. Banks play an intermediary role in financial services, and the purpose of their inputs is to create more output (such as loans, investments, and revenue). We therefore adopted the intermediation approach proposed by Berger and Humphrey (1997), which is based on deposits and loans and is suitable for financial analyses. This study involved 3 inputs and 3 outputs. Jackson and Liu (2010) stated that allowance for uncollectible accounts and bad debt expense both associated with management policies and earnings management. In addition to influencing the net earnings of the current period, they can also affect the operating strategies of the next period, so we listed bad debt expense as a carry-over. Thus, the inputs and outputs are presented in Table 2. 

Table 2. Input and Output variable
	Input
	Output
	Carry-over

	1. Number of employees 

2. Deposits and Remittances

3. Fixed Assets
	 1. Discount and Loan                   2. Investment

 3. Revenue of sales


	Bad Debt Expense                   




Data Resource: Author's collection.

Empirical Results
This study examined data from 2012 to 2017 for 33 banks in Taiwan (see Table 1). The 12 merged banks (GA) comprised 7 banks under FHCs and 5 independent banks, while the 21 merging banks (GB) included 9 banks under FHCs and 12 independent banks. This produced 252 simulated potential merger DMUs.
The results may be positive (indicating potential gains), negative (meaning no potential gains), or zero (indicating no impact or a result of mutual cancellation, which means that the bank merger may not necessarily result in potential gains), (see Table 3). 
Our analyses were as follows:
Efficiency, Ranking, And Merger Effects of 33 banks in Taiwan

 The mean score of overall efficiency was 0.8502, and the mean score of efficiency for each year were 0.8575, 0.8558, 0.8626, 0.8857, 0.8869, and 0.8592. However, it is worth noting that while the overall efficiency score did not change significantly, the individual efficiency score of the 33 banks did change significantly (see Table 3).
Table 4 shows there are 163 DMUs with merger potential gains (64.68%), higher than 89 DMUs with merger potential losses (35.32%). This result suggests that Taiwanese banking entities number has been too large, and would be appropriate to implement M&A to reduce entities number.

Efficiency analysis of four different types of DMUs
  To understand which M&A approach shall be applied by Taiwanese banks to acquire merger 

	Table 3. 2012-2017 Term Efficiency
Table 4

2012-2017 Term EEfficiencyEfficiency



	Banks
	Rank
	Efficiency scores
	2012
	2013
	2014
	2015
	2016
	2017

	Panel GA. Banks under overall efficiency lower than the mean score 0.8502 from 2012-2017

	HNB
	22
	0.8442
	0.9981
	0.9995
	0.6987
	0.7529
	0.8234
	0.8280

	BSP
	23
	0.8394
	0.8801
	0.8491
	0.8884
	0.8239
	0.7894
	0.8051

	JSB
	24
	0.7971
	0.7522
	1
	0.4347
	1
	1
	1

	TCBK
	25
	0.7636
	1
	1
	1
	1
	0.5026
	0.4413

	ESCB
	26
	0.6999
	0.7461
	0.6639
	0.7071
	0.6976
	0.7341
	0.6512

	UBT
	27
	0.6891
	0.4366
	0.4639
	0.605
	1
	1
	1

	SCBL
	28
	0.6530
	0.9999
	0.6412
	0.5939
	0.6127
	0.6582
	0.4855

	KGIB
	29
	0.4889
	0.2104
	0.2207
	1
	1
	1
	0.7002

	TB
	30
	0.4881
	1
	1
	0.3236
	0.3196
	0.4175
	0.4564

	SKB
	31
	0.4524
	0.3450
	0.4682
	0.4500
	0.4058
	0.6255
	0.5589

	SB
	32
	0.4042
	0.2981
	0.3419
	0.5320
	0.3936
	0.5194
	0.4436

	BOP
	33
	0.1985
	0.1495
	0.159
	0.2341
	0.2229
	0.1978
	0.3079

	Panel GB. Banks under overall efficiency higher than the mean score 0.8502 from 2012-2017

	KTB
	1
	1
	1
	1
	1
	1
	1
	1

	BOK
	1
	1
	1
	1
	1
	1
	1
	1

	FEIB
	1
	1
	1
	1
	1
	1
	1
	1

	ECB
	1
	1
	1
	1
	1
	1
	1
	1

	OB
	1
	1
	1
	1
	1
	1
	1
	1

	HB
	1
	1
	1
	1
	1
	1
	1
	1

	COTAB
	1
	1
	1
	1
	1
	1
	1
	1

	CUB
	1
	1
	1
	1
	1
	1
	1
	1

	TFB
	1
	1
	1
	1
	1
	1
	1
	1

	CTBC
	1
	1
	1
	1
	1
	1
	1
	1

	MICB
	1
	1
	1
	1
	1
	1
	1
	1

	TIB
	1
	1
	1
	1
	1
	1
	0.9999
	1

	LBOT
	1
	1
	1
	1
	1
	1
	1
	1

	BOT
	1
	1
	1
	1
	1
	1
	1
	1

	TSB
	1
	1
	1
	1
	1
	1
	1
	1

	SCSB
	1
	1
	1
	1
	1
	1
	1
	1

	TCB
	17
	0.9997
	0.9996
	0.9995
	0.9995
	0.9998
	0.9999
	0.9999

	FCB
	18
	0.9995
	0.9999
	0.9993
	0.9991
	0.9993
	0.9995
	0.9998

	YB
	19
	0.9398
	1
	1
	1
	1
	1
	0.6750

	TBB
	20
	0.9101
	0.8004
	0.7154
	1
	1
	1
	1

	CHB
	21
	0.8907
	0.6826
	0.7212
	1
	1
	1
	1

	Mean
	
	0.8502
	0.8575
	0.8558
	0.8626
	0.8857
	0.8869
	0.8592

	Min
	
	1
	1
	1
	1
	1
	1
	1

	Max
	
	0.1985
	0.1495
	0.159
	0.2341
	0.2229
	0.1978
	0.3079

	Std.
	
	0.2207
	0.262
	0.2534
	0.2353
	0.2298
	0.2123
	0.2226

	Data Resource: Author's collection




	Table 4. 2012-2017 Potential mergers with potential efficiency gains

	Merging

Merged
	CHB
	KTB
	TBB
	BOK
	FEIB
	ECB
	OB
	HB
	COTAB
	CUB
	TFB

	SCBL

TB

KGIB

UBT

TCBK

SKB

SB

HNB

ESCB

BSP

JSB

BOP
	-0.1798
	0.1271
	-0.2973
	-0.2822
	0.2664
	0.3470
	0.3470
	-0.1591
	-0.0046
	0.3470
	0.3470

	
	0.3811
	0.5119
	0.4945
	0.4882
	0.0084
	0.0232
	0.5119
	-0.0379
	-0.0517
	0.3321
	0.3958

	
	0.3913
	0.2821
	0.4180
	-0.6043
	0.5111
	0.0892
	0.5111
	-0.6793
	-0.7721
	0.4054
	0.4760

	
	0.0769
	-0.1951
	-0.4675
	-0.8241
	-0.3308
	-0.1297
	0.2376
	-0.7631
	-0.8307
	0.2480
	0.2663

	
	0.0254
	-0.1248
	-0.1790
	-0.5212
	0.0277
	0.0444
	0.0909
	-0.1971
	-0.1854
	0.0609
	0.1387

	
	0.2130
	-0.1632
	0.1371
	-0.7062
	0.0373
	0.1432
	0.3864
	-0.8071
	-0.5706
	0.2895
	0.3703

	
	0.3636
	0.0608
	0.1710
	-0.6091
	-0.5685
	-0.5079
	0.5221
	-1.3275
	-1.0140
	0.4622
	0.4908

	
	0.1483
	-0.4469
	0.1524
	-0.5561
	-0.4642
	-0.6114
	0.1558
	-0.6349
	-0.6410
	0.1558
	0.1558

	
	0.1784
	-0.2051
	-0.1356
	-0.4146
	-0.2827
	-0.3370
	0.2434
	-0.4392
	-0.4406
	0.3001
	0.3001

	
	0.1480
	0.1439
	-0.1002
	-0.1864
	0.0723
	0.1606
	0.1606
	-0.0921
	-0.0506
	0.1606
	0.1606

	
	0.1119
	0.2029
	0.0646
	0.2029
	-0.1212
	0.2029
	0.2029
	-0.0077
	0.2029
	0.1930
	0.1904

	
	0.5483
	0.8015
	0.3404
	0.2297
	-0.2609
	-0.4716
	0.8015
	-0.8672
	-1.1681
	0.6462
	0.7015

	Merging

Merged　　
	CTBC
	MICB
	FCB
	TIB
	YB
	TCB
	LBOT
	BOT
	TSB
	SCSB
	Total

merger gain 

	SCBL

TB

KGIB

UBT

TCBK

SKB

SB

HNB

ESCB

BSP

JSB

BOP

Total

merger gain
	0.3468
	0.3470
	-0.3209
	0.1046
	0.2002
	-0.5803
	-0.0519
	0.2920
	-0.2638
	0.0125
	12

	
	0.5073
	0.5119
	0.0016
	0.3272
	0.2493
	-0.5555
	0.5119
	0.5119
	0.5119
	0.2638
	18

	
	0.5111
	0.5111
	0.0531
	0.4393
	-0.0872
	-0.4123
	0.5111
	0.5111
	0.5111
	0.3815
	16

	
	0.2715
	0.2199
	-0.5031
	0.1276
	-0.1422
	-0.9581
	0.0263
	0.2672
	-0.0647
	0.1937
	10

	
	0.1779
	0.1506
	-0.3248
	0.1268
	0.0138
	-0.9339
	0.0816
	0.1334
	-0.1965
	-0.2501
	12

	
	0.4686
	0.4915
	-0.0659
	0.1761
	0.0427
	-0.5861
	0.2967
	0.4141
	-0.6596
	0.1418
	14

	
	0.4596
	0.5724
	-0.0033
	0.3674
	-0.1313
	-0.5268
	0.5635
	0.5862
	0.4029
	0.4226
	13

	
	0.1558
	0.1558
	0.1554
	0.0800
	-0.4027
	0.1557
	0.1558
	0.1558
	-0.5593
	-0.0482
	12

	
	0.3001
	0.2999
	-0.0978
	0.1198
	-0.1638
	-0.0118
	0.1720
	0.3001
	-0.3772
	0.1019
	10

	
	0.1606
	0.1606
	-0.1365
	0.1328
	0.1750
	-0.1095
	0.1606
	0.1606
	-0.0504
	0.1606
	14

	
	0.1757
	0.2029
	-0.4177
	0.2027
	-0.0538
	-1.1189
	0.2029
	0.2029
	0.2029
	0.2029
	16

	
	0.6960
	0.7983
	0.2204
	0.4804
	0.1013
	-0.2586
	0.8015
	0.8015
	0.8015
	0.6493
	16

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	163

	Data Resource: Author's collection　
Note:163 DMUs had passive potential gains


potential gains. Thus, his section analyzes the potential gains of four different types of DMUs: small banks
 merging with other small banks, large banks merging with small banks, small banks merging with large banks, and banks under FHCs merging with other banks under FHCs.

	 Table 5  Potential merger with small banks(GB) merging small banks(GA) from 2012 to 2017

	    Merging
　Merged
	KTB
	BOK
	FEIB
	ECB
	OB
	HB
	COTAB
	YB
	TSB
	SCSB

	SCBL
	0.1271
	-0.2822
	0.2664
	0.3470
	0.3470
	-0.1591
	-0.0046
	0.2002
	-0.2638
	0.0125

	TB
	0.5119
	0.4882
	0.0084
	0.0232
	0.5119
	-0.0379
	-0.0517
	0.2493
	0.5119
	0.2638

	KGIB
	0.2821
	-0.6043
	0.5111
	0.0892
	0.5111
	-0.6793
	-0.7721
	-0.0872
	0.5111
	0.3815

	UBT
	-0.1951
	-0.8241
	-0.3308
	-0.1297
	0.2376
	-0.7631
	-0.8307
	-0.1422
	-0.0647
	0.1937

	TCBK
	-0.1248
	-0.5212
	0.0277
	0.0444
	0.0909
	-0.1971
	-0.1854
	0.0138
	-0.1965
	-0.2501

	SKB
	-0.1632
	-0.7062
	0.0373
	0.1432
	0.3864
	-0.8071
	-0.5706
	0.0427
	-0.6596
	0.1418

	SB
	0.0608
	-0.6091
	-0.5685
	-0.5079
	0.5221
	-1.3275
	-1.0140
	-0.1313
	0.4029
	0.4226

	JSB
	0.2029
	0.2029
	-0.1212
	0.2029
	0.2029
	-0.0077
	0.2029
	-0.0538
	0.2029
	0.2029

	BOP
	0.8015
	0.2297
	-0.2609
	-0.4716
	0.8015
	-0.8672
	-1.1681
	0.1013
	0.8015
	0.6493

	Data Resource: Author's collection　
Note: Small bank refers to a bank whose capital in 2016 is lower than the average.


Small banks (GB) merging other small banks (GA)

Table 5 shows the potential gains of mergers between small banks from 2012 to 2017; 9 of the banks were merged banks, and 10 were merging banks, which resulted in 90 potential merger DMUs (DMUs). We found that 48 (53.33%) of these DMUs were positive, and 42 (46.67%) of these DMUs were negative. The DMUs with the top three potential gains were KTB+BOP (0.8015), OB+BOP (0.8015), TSB+BOP (0.8015) . Being merged could help BOP produce potential gains because it could solve the following issues: too many fixed assets
, too little investment
, and inadequate revenue of sales
. Although mergers between small banks do not produce very high potential gains, the differences between potential gains and losses are great, which means that such mergers are risky but have the potential to produce high gains. Small banks(GB) merging other small banks(GA) must be carefully selected.
Large banks (GB) merging small banks (GA)
Table 6 shows the potential gains of large banks merging with small banks; the 9 small banks were the merged banks, and the 11 large banks were the merging banks, which resulted in 99 merger DMUs. We found that 79 (79.80%) of these DMUs were positive, and 20 (20.20%) of these DMUs were negative. The DMUs with the top three potential gains were LBOT+BOP (0.8015), BOT+BOP (0.8015), MICB+BOP (0.7983), and TFB+BOP (0.7015).
Among the DMUs of large banks (GB) merging with small banks (GA), there were 6 banks under FHCs (GB): CUB, TFB, CTBC, MICB, TIB, and BOT, and they had potential gains no matter which small bank they merged. The only exception was TCB, an FHC bank which had potential losses no matter which small bank it merged. Comprehensively speaking, large banks merging with small banks in Taiwan indeed produce a higher probability of potential gains. 
Small banks (GB) merging large 
banks (GA)
Table 7 shows the potential gains of small banks merging with large banks (GB); the 3 large banks were the merged banks(GA), and the 10 small banks were the merging banks, which resulted in 30 merger DMUs. We found that 9 (30.00%) of these DMUs were positive, and 21 (70.00%) of these DMUs were negative. We found that among these DMUs, the potential 

	Table 6.  Potential merger with large banks(GB) merging small banks (GA) from 2012 to 2017

	　  Merging

　Merged
	CHB
	TBB
	CUB
	TFB
	CTBC
	MICB
	FCB
	TIB
	TCB
	LBOT
	BOT

	SCBL
	-0.1798
	-0.2973
	0.3470
	0.3470
	0.3468
	0.3470
	-0.3209
	0.1046
	-0.5803
	-0.0519
	0.2920

	TB
	0.3811
	0.4945
	0.3321
	0.3958
	0.5073
	0.5119
	0.0016
	0.3272
	-0.5555
	0.5119
	0.5119

	KGIB
	0.3913
	0.4180
	0.4054
	0.4760
	0.5111
	0.5111
	0.0531
	0.4393
	-0.4123
	0.5111
	0.5111

	UBT
	0.0769
	-0.4675
	0.2480
	0.2663
	0.2715
	0.2199
	-0.5031
	0.1276
	-0.9581
	0.0263
	0.2672

	TCBK
	0.0254
	-0.1790
	0.0609
	0.1387
	0.1779
	0.1506
	-0.3248
	0.1268
	-0.9339
	0.0816
	0.1334

	SKB
	0.2130
	0.1371
	0.2895
	0.3703
	0.4686
	0.4915
	-0.0659
	0.1761
	-0.5861
	0.2967
	0.4141

	SB
	0.3636
	0.1710
	0.4622
	0.4908
	0.4596
	0.5724
	-0.0033
	0.3674
	-0.5268
	0.5635
	0.5862

	JSB
	0.1119
	0.0646
	0.1930
	0.1904
	0.1757
	0.2029
	-0.4177
	0.2027
	-1.1189
	0.2029
	0.2029

	BOP
	0.5483
	0.3404
	0.6462
	0.7015
	0.6960
	0.7983
	0.2204
	0.4804
	-0.2586
	0.8015
	0.8015

	Data Resource: Author's collection　　


	Table 7.  Potential merger with small banks (GB) merging large banks(GA)
from 2012 to 2017

	　  Merging

　Merged
	KTB
	BOK
	FEIB
	ECB
	OB
	HB
	COTAB
	YB
	TSB
	SCSB

	HNB
	-0.4469
	-0.5561
	-0.4642
	-0.6114
	0.1558
	-0.6349
	-0.6410
	-0.4027
	-0.5593
	-0.0482

	ESCB
	-0.2051
	-0.4146
	-0.2827
	-0.3370
	0.2434
	-0.4392
	-0.4406
	-0.1638
	-0.3772
	0.1019

	BSP
	0.1439
	-0.1864
	0.0723
	0.1606
	0.1606
	-0.0921
	-0.0506
	0.1750
	-0.0504
	0.1606

	Data Resource: Author's collection.　


gains are very small and often negative. On the whole, it is not suitable for small banks to merge large banks in Taiwan. 

Banks under FHCs (GB) merging other banks under FHCs (GA)
Table 8 shows the potential gains of banks under FHCs (GB) merging with other banks under FHCs (GA); 7 FHC banks were the merged banks (GA), and 9 FHC banks were the merging banks (GB), which resulted in 63 merger DMUs. We found that 48 (76.19%) of these DMUs were positive, and 15 (23.81%) of these DMUs were negative. On the whole, it is suitable for banks under FHCs (GB) merging other banks under FHCs (GA) in Taiwan. 
Conclusions


About the efficiency of 33 individual banks and we further divided the two groups into four types of merger DMUs and arrived at the following conclusions:

(1) Among the individual banks, 16 banks
 presented the highest efficiency value of 1, including 6 banks under FHCs and 10 independent banks. The efficiency of a bank is not necessarily proportional to its size; even small banks may display better efficiency than large banks under FHCs, which supports the findings of Chu and Wu (2009).
(2) This article finds that the merger potential gains are 64.68%, higher than merger potential losses, which are 35.32%. This result suggests that Taiwanese banking entities number has been too large, and would be appropriate to implement M&A to reduce entities number and improve business operation efficiency.
	Table 8.  Potential merger with FHC banks(GB) merging other FHC banks(GA) from 2012 to 2017


	　   Merging

　Merged
	CUB
	TFB
	CTBC
	MICB
	FCB
	TIB
	YB
	TCB
	BOT

	KGIB
	0.4054
	0.4760
	0.5111
	0.5111
	0.0531
	0.4393
	-0.0872
	-0.4123
	0.5111

	TCBK
	0.0609
	0.1387
	0.1779
	0.1506
	-0.3248
	0.1268
	0.0138
	-0.9339
	0.1334

	SKB
	0.2895
	0.3703
	0.4686
	0.4915
	-0.0659
	0.1761
	0.0427
	-0.5861
	0.4141

	HNB
	0.1558
	0.1558
	0.1558
	0.1558
	0.1554
	0.0800
	-0.4027
	0.1557
	0.1558

	ESCB
	0.3001
	0.3001
	0.3001
	0.2999
	-0.0978
	0.1198
	-0.1638
	-0.0118
	0.3001

	BSP
	0.1606
	0.1606
	0.1606
	0.1606
	-0.1365
	0.1328
	0.1750
	-0.1095
	0.1606

	JSB
	0.1930
	0.1904
	0.1757
	0.2029
	-0.4177
	0.2027
	-0.0538
	-1.1189
	0.2029

	Data Resource: Author's collection.


(3) The efficiency resulting from small banks merging other small banks in Taiwan is not ideal. The DMUs with the best potential gains were KTB+BOP (0.8015), OB+BOP (0.8015), and TSB+BOP (0.8015)
. The business operation efficiency of banks could not be significantly improved due to the exceptionally small scales of the ones being merged.
(4) The efficiency gains resulting from large banks merging with small banks are ideal, which supports the move by bank authorities in Taiwan to encourage large banks to merge small banks.
(5) The efficiency losses resulting from small banks merging with large banks are not ideal. Among the 30 potential merger DMUs that we examined, only 30% had potential gains. 
(6) About 76.19% of the potential mergers DMUs with banks under FHCs merging other banks under FHCs yielded positive potential gains, Thus, while bank authorities in Taiwan encouraged mergers between banks under FHCs during the second financial reform, and the results of this study show 76.19% of such merger DMUs producing potential gains, the gains were not high, so merger partners should be chosen carefully.
(7) A comprehensive view of the 252 potential merger DMUs revealed that most of the banks under FHCs would produce potential gains after mergers because the mergers would streamline the number of employees, reduce fixed assets, increase discounts, loans, investments, and operating expenses, decrease input, and increase output. Increasing output would cut down costs and bring about the economies of scale. Among the 252 DMUs, 97 DMUs have potential gains, and most of the top ten DMUs with the highest potential gains involve BOP or SB. These two banks were ranked last (33 and 32) in individual efficiency. BOP would be able to produce potential gains if it were merged by 16 of the 21 merging banks (GB)
, thereby indicating that banks with poor efficiency can improve their operating efficiency via mergers.
On the whole, bank mergers in Taiwan are more likely to produce positive potential gains rather than negative potential gains, but merger partners must still be chosen carefully. Furthermore, we also took non-radial problems, non-oriented problems, and slack problems into consideration, so the results should help competition authorities to review merger cases with more accuracy and so they can pinpoint mergers that offer more potential benefits.
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  Dynamic Efficiencies in Merger Analysis (2008).


� The 33 banks were divided into small and large banks based on the mean capital of the banks in 2016, NTD 49,114,409 thousand which was the latest accurate figure at the time of this study.


� Too many fixed assets from 2012 to 2017: 55.27%, 56.21%, 56.72%, 59.85, 51.99, and 58.22.


� Too little investment from 2012 to 2017: 1,087.15%, 1,032.49%, 424.09%, 695.94%, 781.03%, and 289.84%.


� Inadequate revenue of sales from 2012 to 2017: 38.25%, 44.31%, 56.53%, 40.69%, 48.09%, and 70.89%.


� 16 banks including KTB, BOK, FEIB, ECB, OB, HB, COTAB, CUB, TFB, CTBC, MICB, TIB, LBOT, BOT, TSB, and SCSB.


� Being merged could help BOP produce potential gains because it could solve the following issues: too many fixed assets(Too many fixed assets from 2012 to 2017: 55.27%, 56.21%, 56.72%, 59.85, 51.99, and 58.22), too little investment(Too little investment from 2012 to 2017: 1,087.15%, 1,032.49%, 424.09%, 695.94%, 781.03%, and 289.84%.), and inadequate revenue of sales(Inadequate revenue of sales from 2012 to 2017: 38.25%, 44.31%, 56.53%, 40.69%, 48.09%, and 70.89%..








� The overall potential gains of CHB+BOP, KTB+BOP, TBB+BOP, BOK+BOP, FEIB+BOP, ECB+ BOP, OB+BOP HB+BOP, COTAB+BOP, CUB+BOP, TFB+BOP, CTBC+BOP, MICB+BOP, FCN+BOP, TIB+BOP, YB+BOP, TCB+BOP, LBOT+BOP, BOT+BOP, and TSB+BOP are 0.5483, 0.8015, 0.3404 0.2297, -0.2609, -0.4716, 0.8015, -0.8672, -1.1681, 0.6462, 0.7015, 0.6960, 0.7983, 0.2204, 0.4804, 0.1013, -0.2586, 0.8015, 0.8015, 0.8015, and 0.6493, respectively.
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