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Abstract

The paper analyses the impact of Japanese monetary policy crisis management on the Japanese
banking sector since the 1998 Japanese financial crisis. It shows how low-cost liquidity
provision as a means to stabilize banks has created a growing gap between deposits above
lending and has compressed interest margins as the traditional source of bank’s income.
Efficiency scores are compiled to estimate the impact of monetary policy crisis management on
the efficiency of banks. The estimation results provide evidence that the Japanese monetary
policy crisis management has contributed to declining efficiency in the banking sector despite or
because of growing concentration.
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1 Introduction

During the second half of the 1980s a low interatd policy of the Bank of Japan contributed
to the emergence of a bubble in the Japanese atatkeal estate markets, which found its
end in the early 1990s (Bayoumi and Collyns, 20yring most of the 1990s the
destabilizing impact of the resulting balance sheegssion (Koo, 2003) was contained by the
Bank of Japan's gradual interest rate cuts to édoszero. This enabled the Japanese banks
to cover losses from declining asset prices by igiog credit to Japanese enterprises
operating in Southeast Asia (Hoffmann and SchnabD8). The 1997/98 Asian crisis,
however, finally triggered a strong adjustment pues on the Japanese banking sector
(Schnabl, 2015) which went along with a consolmatprocess among Japanese banks and

financial institutions (Hosono et al., 2009).

The persistence of the zero interest rate polingesil999 and the advent of unconventional
monetary policy measures have been widely undetst®o stabilization measures for the
Japanese banking sector (Posen, 2000; Koo, 2083hedample low-cost liquidity provision

of the Bank of Japan stabilized asset prices,sib atabilized the banks” balance sheets by
reducing the amount of (potential) bad loans. Oa tther side, the low-cost liquidity
provision of the Bank of Japan is argued to hawevgmted Schumpeter's (1942) creative
destruction and thereby a sustained recovery ankge banks (Sekine et al., 2003; Peek and
Rosengren, 2005; Caballero et al., 2008). To thts the impact of the Japanese monetary

policy crisis management on the Japanese bankaigrss theoretically indeterminate.

Previous empirical studies have found that the Wegm banking sector exhibits major
technical and scale inefficiencies with considezatifferences among the various bank-types
(e.g. Fukuyama, 1993; McKillopt al, 1996; Altunbaset al, 2000; Drake and Hall, 2003;
Drakeet al, 2009; Assakt al, 2011). Studies on productivity development ofaiegse banks
(e.g. Fukuyama, 1995; Fukuyama and Weber, 2002afAgsal, 2011) have found that the

Japanese banking sector has been struggling ®aseproductivity since the early 1990s.

However, few attempts have been made to understentnpact of the Japanese monetary
policy crisis management on the efficiency of tapahese banking sector. Therefore, we add
to the existing literature by analyzing the adjustinof Japanese banks to the Bank of Japans’
low interest rate policies and unconventional manepolicy measures. Based on micro data,
we empirically test for the determinants of Japanesnks' efficiency while controlling for
their adjustment to the Bank of Japan’s monetatigyaorisis management.



2 Monetary Policy Crisis Management on the Japaneseddking Sector

The development of the Japanese banking sectoe #iec1998/99 Japanese financial crisis
has to be seen in the context of the lasting stagnaf the domestic economy (Schnabl,
2015). During the Japanese bubble economy (1988)1Rfpanese banks' credit to the private
sector had strongly grown, with credit expansiomticming slowly until 1998. With the

Asian crisis and the Japanese financial crisisediticrunch set in (Ishikawa and Tsutsui,
2005), which can be seen as either supply or derdawein. The gradual erosion of the banks'
traditional sources of income triggered a searchafternative revenues and a struggle to

increase efficiency via concentration.

2.1 Declining Income

The observed credit crunch, which lasted from 1988l the advent of the Abenomics has
two origins. On the one side, declining asset griceced Japanese banks to reduce their risk
exposure by curtailing outstanding credit to risgkyterprises (see e.g. Koo, 2003). On the
other side, sluggish investment of the corporattoseand the need to deleverage lowered
Japanese firms' demand for loans while simultarigonsreasing their deposits at banks. In
this context, the low and zero interest rate poésywell as unconventional monetary policy
measures can also be understood as a subsidytéspeses (in particular large enterprises)
which further reduced their demand for credit bseawf growing cash reserves (see
Gerstenberger, 2017).

Figure 1: Deposits and Loans of Japanese Banks
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! The monetary policy crisis management reducesl fthancing costs of enterprises by continuously
depressing interest rates. In addition, the resyltlepreciation of the yen subsidized the largeoexp
oriented enterprises.
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As a result, the total amount of loans in bankdari@ze sheets substantially fell. The
increasing inflow of personal and corporate degosdmbined with declining volumes of
credit led to an increasing gap between loans apbsits (Figure 1). The credit business
started to recover only from the year 2012, butheuit contributing to a shrinking gap
between deposits and loans. The loan-deposit f@tierom almost 1 at the beginning of the
1990s to less than 0.7 in 2015.

The stagnation of the traditional credit businessame paired with declining margins in the
loans and investment business. Monetary policy uesmeasures of the Bank of Japan
gradually depressed short-term money market ratégsdlly zero by March 1999. The Bank
of Japan continued to reduce interest rates abtigeend of the yield curve via fast growing
bond purchases of the Bank of Japan (Yoshino amghiZadeh-Hesary 2016)As a resuilt,
the spread between average lending and depos# f@tenew contracts) declined from an
average of 3.5 percentage points during the 198@siirently less than one percentage point
as shown in the upper panel of Figure 2.

The decline in lending to the private sector cdogdpartially substituted by the purchase of
government bonds (see section 2.2). Yet, also @ugimbetween the government bond yield
and the deposit rate declined from 3.5 percentagetgin the 1980s to close to (and even
below) zero in the course of the Abenomics sinc&32(see upper panel of Figure 2).

Furthermore, the scope to generate profits by foamsng short-term borrowing in the money

market into long-term lending also shrank. Thegfarmation margin, i.e. the spread between
the 10-year government bond yields and the monekehaate, declined from the top of

close to three percentage points in 1998 to merelp in the present (see center panel of
Figure 2). Moreover, the passive margin, i.e. tlife@nce between the money market rate
and the average deposit rate was depressed from percentage points in the 1980s to zero

by 2005. It has been negative since then (see Ipamzl in Figure 2).

2 The Bank of Japan cut short-term interest rateffopercent in 1991 to zero by March 1999. The sfabe

balance sheet of the Bank of Japan has increased 8% of GDP in January 1999 to 95% by the end of
2016 due to extensive bond purchases, in partiggeernment bonds.
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Figure 2: Interest Rate Spreads in the Japanese Bkimg Sector
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As Japanese banks were not able to compensatet¢heade in interest margins with a boost
in lending volumes, net interest income substdgtidéclined, thereby depressing profits.
Between 1999 and 2014, revenues from the traditioredit business of large city banks
decreased by 16 percent, of the first-tier regidveiks by 13 percent, of the second-tier
regional banks by 28 percent and of the shinkirkbdny 25 percent (Figure 3).

Figure 3: Net Interest Income per Bank Type
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Source Japanese Bankers Association. Net interest inceqmels interest income
minus interest expenses.

In addition to declining interest margins, Japareseks suffered high losses from provisions
and write-offs of non-performing loans. With thetlmeak of Japanese financial crisis, the
strategy towards the bad loan problem changed.nDuhe 1990s Japanese banks had been
advised to keep the bad loans in their balancetsha®d build respective provisions. In
contrast, from the year 2002 the Financial Rewgion Program urged banks to resolve the

provisions and to write down the bad lo4rihe realized losses constituted an additional

3 City banksare large commercial banks operating at a natiandlinternational level having branches in all
major cities in JaparTier-one and tier-two regional bankse mainly active in retail banking and focus on
specific regions (e.g. one prefecture). They magmgage in lending to the corporate sector spedific
small and medium enterprises (approximately 70gqrerof all loans are granted to SMES). Tier-one taemd
two regional banks have a different history anddfare statistics of the Japanese Bankers Assouiatie
aggregated in two different categories. Since thantial market liberalizations in the 1990s theibess
model of both groups is mainly the same. Now, tleénndifference between the two groups is that tther-
regional banks are significantly small&hinkin banksare credit associations operating within a prefiect
managing deposits and providing loans to and fitogir bwners (mainly SMES).

4 Between 1999 and 2014 the overall volume dfewtowns of bad loans by Japanese banks was éepfiva
18 trillion yen, out of which city banks wrote dow®2.5 trillion yen, tier-one regional banks 5.8litsh yen
and tier-two regional banks 0.6 trillion yen (Sairdapan Deposit Insurance Corporation). This pooas
supported by recapitalizations equivalent to 1I8dni yen (111 billion dollar).
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burden for Japanese banks until the start of thenAimics, which had to be compensated by

additional revenues.

2.2 Alternative Sources of Income

Additional revenues were in the first place gerestaby the substitution of credit to the
private sector by the purchase of central govertnbemds (JGB) and local government
bonds (LGB) (Figure 4). This became possible, beeaeneral government debt as share of
GDP increased from 70 percent in 1990 to 250 peénce2016. Between 1999 up to year
2012 the share of government bonds out of totatasscreased from 5 percent to 27 percent
for city banks, from 8 percent to 17 percent fer-ttne regional banks, from 5 percent to 15
percent for tier-two regional banks and from 12cpat to 25 percent for shinkin banks. The
purchases of government bonds were lucrative thél start of the Abenomics (January
2013).

Figure 4: Composition of Investment Securities - &Banks (1993-2015)
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The shift of the Bank of Japan’s monetary polioydods aggressive quantitative easing made
government bond yields more volatile and pushenhtimto negative territory. Banks strongly
reduced their JGB holdings. By the end of 2016,dih&e of government bonds out of total
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assets had declined to 9 percent (city banks), €k8ept (tier-one regional banks) and 10
percent (tier-two regional banks). The decline @fggnment bonds in the balance sheets has
been less pronounced in the case of regional baskkey have been holding more local
government bonds that were less purchased by tik BaJapan up to the present. For
shinkin banks the decline of central governmenidbeoldings has been widely compensated

by purchases of local government bonds (Bank céuidap016).

Given declining income from the traditional bankimgsiness, Japanese banks felt forced to
generate more revenues from fees and commissidres fimancial deregulation in the late
1990s (Big Bang) paved the way for diversifyingoimew business aredslapanese banks
developed new financial services and formed busiméigances with non-bank companfes.
Banks expanded sales of investment trusts andterp@nsion policies to households and
increased their corporate customer fees, e.ghtoatrangement of syndicated loans and sales

of derivatives to firms (Bank of Japan, 2005).

Figure 5: Fees and Commissions as Share of Ordinatgcome by Bank Type

25% ~
20% -

15% -

Percent

10% -

5% 4

— City Banks ~ ------- Regional Banks |
-------------- Regional Banks Il Shinkin Banks
O% T T T T T T T T T T T T T T T T 1
1999 2001 2003 2005 2007 2009 2011 2013 2015

Source Japanese Bankers Association, Shinkin Central Bank.

In particular, regional banks and shinkin banksiédrfrom a purely lending based business
model to a more service oriented business modpldwyiding services to corporate customers
to resolve challenges such as establishing newessirelationships, exploring new markets

®  The Financial Services Agency’s guidelines stag this includes consultations and support inneation

with business matching and mergers and acquisifishgkawaet al.2013).

In the early 2000s Japanese banks increasétebaslliances with securities, and insurance eonas and
entered into consumer finance through joint versture partnerships with consumer finance companies.
Cooperating with firms that have physical or elecic networks (e.g. railway and mobile phone congsgn
banks started to offer new financial services, agmeans of small-value payments (Bank of Jaf06)2
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or finding business successors (Ishikastaal, 2013). As a result, revenues from fees and
commissions (as a share of total ordinary incongificantly increased for all types of
banks (Figure 5). The highest increase has bedizggdby the large city banks, which
became strongly involved in the investment busirass profited from having large, export-

oriented enterprises as customers.

2.3. Adjustment of Costs

Depending on the ability to compensate decliningeneies from the traditional banking

business by new sources of income Japanese badk® ltait personal expenses as well as
general and administrative expenses. The pressug ttosts has been stronger for the small
shinkin banks and tier-two regional banks thantlar larger tier-one regional banks and the

city banks.

Between 1999 and 2014 personal expenses declin@dgeycent for city banks and by 10
percent in the case of tier-one regional banksolmntrast, the tier-two regional banks reduced
personal expenses by 24 percent and the shinkiksdaneven 35 percent. A similar pattern
has evolved with respect to non-personal expensbigh increased for city banks by 9
percent and for tier-one regional banks by 1 pdrdencontrast, general and administrative

expenses were cut by 14 percent for both tier-&gional banks and shinkin barks.

The pressure to reduce costs has come along wettineentration process in the Japanese
banking sector. The number of Japanese financgitutions (including city banks, trust
banks, tier-one regional banks, tier-two regioreais and shinkin banks) declined from 606
in 1990 to 379 in 2016 (Hosono et al., 2009; Japamankers Association, 2017). As shown
in Figure 6, since 1990 the number of city bankslided from 13 to today 5. While all tier-
one regional banks survived up to the presentntimeber of the smaller tier-two regional
banks declined from 68 in 1990 to presently 41. mtmmber of shinkin banks is down from
451 in 1990 to 265 in 2016.

Moreover, for all four bank types the number ofnmf@es declined continuously since the
mid-1990s (Figure 7).The reduction in the number of branches, howehas,been larger for

smaller banks (tier-two regional banks and shirtkmks) than for larger banks. A similar

" All data provided by the Japanese Bankers Astoniand the Shinkin Central Bank.

There is no distinction between branches witlplegees, which provide all services, i.e. branctststen:
X)) and main braches (honshitefi3)5) and branches with limited services, in particulath ATM
machines (shu chou j¢ti5EFT). The sharp increase of branches of city banks 2815 to 2016 is due a
sharp extension of ATM-corners by the Mitsui-SumitoBank in the areas, where the Tokyo Olympics will
take place.
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pattern accrues to the number of regular employebgh have been more reduced by the
tier-two regional banks and the shinkin banks (Feg®8). The substitution of regular

employees by part-time employees allowed banksljasamore easily to volatile business

conditions.
Figure 6: Number of Banks
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The continuing pressure on profits as a resulhefBank of Japan's monetary policy crisis
management may suggest, that efficiency has inededse to the observed concentration
process and other adjustment measures. Howevére atame time the declining degree of
competition as a result of increasing concentratombined with the persistent low-cost
liquidity provision by the Bank of Japan may haeduced the pressure on Japanese banks' to
increase efficiency (see Schnabl 2018)ditionally, squeezed profits may have also reduc
the banks’ resources to implement efficiency-enhlmgnaneasures. Hence, the impact of
Japanese monetary policy crisis management on $aefficiency is theoretically

indeterminate and therefore an empirical issue.

® For instance, Hosonet al, 2009) provide evidence that mergers and aciprisitin the Japanese banking

sector have not necessarily been efficiency imprguvi
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Figure 7: Number of Branches
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Figure 8: Number of Regular Employees
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3 Development of Japanese Banks’ Efficiency

As shown above during the post-bubble period thekBaf Japan's monetary policy crisis
management has substantially changed the operativigonment of Japanese banks as the

gradual reduction of interest rates and the unocamweal policy measures eroded their
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traditional sources of income. In order for banbkgeémain profitable in a low interest rate

environment a more efficient utilization of resocesds crucial.

3.1 Concept of Efficiency Measures

To evaluate Japanese banks' efficiency developmengstimate for each barikand each
yeart an output-oriented technical efficiency sc@i@, that reflects the bank’s distance to a
pre-specified benchmark (i.e. the efficiency frenti(Farrell, 1957}° Technical efficiency
can be defined as a bank’s ability to produce aimam set of outputs (e.g. loans, securities,
operating income) given a set of inputs (e.g. deposmployees, branches). Farrell's (1957)
output-oriented technical efficiency scof&;; equals one when optimum efficiency is
reached. Higher values than unity indicate inefficies:* Following Charnest al. (1978)
and Bankeret al. (1984) we further decompose a bank's technicalieficy scoreT'E;; into

pure technical efficiencyP(E;;) and scale efficienc\s€;;) with:
TEit = PTEl't X SEl't

The decomposition helps to identify whether Japaresks' overall technical inefficiencies
are due to inefficient operations (measuredPl3¥;;) or due to not operating at an optimal
scale (measured S£E;;), or both. We are, furthermore, able to deterniinkapanese banks
are operating under increasing, constant or deiagasturns to scale, hence whether they are
too small or too big? Prior studies on the Japanese banking sectoraitedthat pure technical
inefficiencies are larger than scale inefficiencées Japanese banks have been following a
gradual consolidation process since the burstinthefbubble economy (Fukuyama, 1993;
McKillop et al, 1996; Drake and Hall, 2003; Azatlal, 2014).

A common method employed to compute efficiency esas the Data Envelopment analysis
(DEA) which measures efficiency aselative to a non-parametric, maximum likelihood
estimate of an unobserved true frontier, conditiona observed data [.."] (Simar and

Wilson, 2007: 32). DEA is a flexible non-paramefjgproach that does not require a specific
functional form of a bank's production function. wtver, the downside is that it does not
allow for random errors and is hence sensitiveattlom variations in the data. As it has no

statistical foundation, it is not possible to infatistical significance of the estimates (see

19 Farrel (1957) decomposes a firmiwerall efficiency (or economic efficiendyin technical efficiency

reflecting a firm’'s ability to produce a maximumt s&f outputs from a given set of inputs, and price
efficiency (or allocative efficiency reflecting a firm’s ability to choose an optimsét of inputs given
respective prices. We focus tecthnical efficiencyf Japanese banks as input prices were not alailab

For details see Appendix Al.

Increasing (decreasing) returns to scale indidatethe bank is too small (big).

11
12
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Coelli et al., 2005). We cope with this problemusing the bootstrap approach by Simar and
Wilson (1998, 1999) that allows to determine thagistical properties of the non-parametric
estimators of banks efficiency. This enables ushiain bias corrected efficiency scofés.

3.2 Input and Output Data

In modeling the bank's production function we fallthe intermediation approach by Sealey
and Lindley (1977) which considers banks as instiig transforming deposits into loans and
into other earning assets using labour and physiapital as input$! This is in line with

previous studies of the Japanese banking sectprRekuyama, 1993; Drake and Hall, 2003).

The banks' activities are modeled in a three-iamak two-output framework.

Table 1: Sample Structure of Efficiency Analysis

CB RB | RB I SB Total
1999 9 48 26 254 337
2000 9 48 28 255 340
2001 7 48 32 266 353
2002 7 56 36 269 368
2003 7 58 38 271 374
2004 7 62 40 272 381
2005 6 62 40 272 380
2006 6 62 40 271 379
2007 6 61 39 271 377
2008 6 59 37 269 371
2009 6 61 37 269 373
2010 6 61 37 268 372
2011 6 61 40 267 374
2012 6 62 41 269 378
2013 5 61 39 267 372
2014 5 59 38 263 365
2015 5 57 37 190 289

Source:Author's calculations. CB: city banks, RB I: tier-argional banks, RB I
tier-two regional banks, SB: shinkin banks

The data set on Japanese banks is compiled frorkS8ape'® It is completed by data from
annual reports of individual banks, the Nikkei NEEDatabase as well as information from
the Japanese Bankers Association. Our final dafasethe efficiency analysis comprises

6,183 observations of 401 Japanese banks for tla@dial years 1999 to 2015. Our sample

13 For more information on DEA see Appendix A2.

14 In contrast, the production approach (Benstonmith, 1976) assumes that banks are primarily ymiog
services for account holders.

15 Bureau van Dijk, www.bvdep.com
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covers almost the full spectrum of bank types dpegan Japan including 16 city banks, 64

tier-one regional banks, 41 tier-two regional Baakd 280 shinkin banks (see Table®l).

Following Assafet al. (2011) and Fukuyama and Weber (2009) the inpwdatal deposits
and short-term borrowed funds (X1), physical cafiend, premises and fixed assets) (X2)
and labor (number of employees) (X3). The outputstatal loans and bills discounted (Y1)
as well as securities issued (Y2). The inputs antduds (excluding employees) are measured
in yen and deflated using the GDP deflator providgdhe World Bank. Descriptive statistics
of inputs and outputs are provided by bank typ€ahle 2.

Table 2: Descriptive Statistics of Inputs and Outpts

CB RB | RB I SB Total
(X1) Deposits (billion yen) 57,500 3,210 1,300 367 1,860
(X2) Physical Capital (billion yen) 568.0 45.2 21.2 5.8 22.8
(X3) Employees (number of) 15,067 2,031 1,091 397 639
(Y1) Loans (billion yen) 35,700 2,260 977 201 1,190
(Y2) Securities (billion yen) 17,100 976 313 106 854

Notes Sample means per bank type; CB: city banks, RBel:dne regional banks, RB II: tier-two
regional banks, SB: shinkin bankSource: Bankscope, annual reports of individual banks, Hikk
NEEDS database, Japanese Bankers Association.

3.3 Results for Efficiency Scores

Table 2 summarizes the annual mean efficiency sdarethe Japanese banking sector over
the period 1999-2015 as compiled by DEAColumns two to four list the average bias
corrected technical efficiencyE), pure technical efficiencyPTE) and scale efficiencySE
estimates. Columns five to seven summarize theesbiabanks operating under increasing
(IRS), constant (CRS) or decreasing returns teeqd2RS).

Table 3 provides evidence that the Japanese bamsdopr had large inefficiencies in all

sample years. On average Japanese banks coulihbes@sed output by around 26.9 percent
if inputs had been used more efficiently. Over tithe average technical efficiency of the
Japanese banking sector increased considerablyebetthe years 2000 and 2004 and

8 Total numbers differ from the annual numbers @bl€ 1 due to different participation behavioubahks in
our sample. Banks which were involved in mergerd aoquisitions are post-merger treated as separate
entities.

7 We used the FEAR software by Wilson (2008) taibthe bias corrected efficiency scores.
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deteriorated thereafter. Technical efficiency heamtipularly declined since 2010 and

especially with the introduction of the Abenomins2013.

Table 2: Annual Average Efficiency Scores of All Baks (1999-2015)

Year TE PTE SE IRS CRS DRS
1999 1.255 1.219 1.030 91% 4% 5%
2000 1.279 1.247 1.026 86% 4% 10%
2001 1.268 1.240 1.023 89% 6% 5%
2002 1.212 1.196 1.013 88% 5% 7%
2003 1.212 1.195 1.014 87% 4% 9%
2004 1.221 1.198 1.019 90% 4% 6%
2005 1.229 1.203 1.021 91% 4% 6%
2006 1.256 1.229 1.022 92% 3% 4%
2007 1.249 1.213 1.029 92% 5% 3%
2008 1.292 1.249 1.034 91% 4% 6%
2009 1.265 1.226 1.031 89% 3% 8%
2010 1.319 1.261 1.046 91% 3% 6%
2011 1.295 1.247 1.037 95% 3% 2%
2012 1.293 1.256 1.028 88% 5% 7%
2013 1.316 1.276 1.030 92% 3% 4%
2014 1.326 1.292 1.026 86% 5% 8%
2015 1.297 1.258 1.031 81% 6% 13%
Average 1.269 1.235 1.027 89% 4% 6%

Notes Bias corrected values based on bootstrapping guee TE: technical efficiency score

estimated assuming constant-returns-to-scale; PUEe technical efficiency estimated assuming

variable-returns-to-scale; SE: scale efficiencyjuga above unity indicate inefficiencies;

IRS/CRS/DRS: share of banks operating under increastngns-to-scale/constant-returns-to-

scale/decreasing-returns-to-sc&@eurce:Authors’ calculations.
Pure technical efficiency amounting on averagertwmad 1.24 explains the largest share of
Japanese banks’ technical inefficiencies. Thuspuiubdf the Japanese banking sector could
have been 24 percent higher if the banks had bperating at the pure technical efficiency
frontier. Scale inefficiencies have been ratherlsmigh only 1.027 in average. Thus, banks
could have increased output only by 2.7 percernhefy had operated at an optimal scale.
However, scale inefficiencies have been increasinge around 2007 despite the acceleration
of the concentration process. According to the uskdiency measure 90 percent of the
banks have operated under increasing returns te §aa below their optimal scale), which
implies further concentration potential. Only ardué percent have been operating under
decreasing returns to scale. This suggests thhoumh the consolidation process in the
Japanese banking sector has advanced since thes %88 inefficiencies have not been

resolved, leaving room for further merger actiatie
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Figure 9: Annual Efficiency Scores by Bank Type (199-2015)
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Notes TE: technical efficiency score estimated assunuimigstant returns to scale; PTE: pure technic@ieffcy estimated
assuming variable returns to scale; SE: scaleiefiity estimated as the ratio TE/PTE; values abowigy uindicate
inefficiencies, bias corrected values based ondbagiping.

Figure 9 shows the development of the efficienayas over time by bank tyg& City banks
have exhibited rather large technical inefficiesc@mpared to both types of regional banks.
With an average technical efficiency score of 1.1Y¥2ur sample period city banks could
have increased output by around 17.2 percent. Gwerthe efficiency development of city
banks has been rather unsteady with periods ofifisigntly declining overall efficiency (e.g.
1999-2002, 2006, 2010) followed by periods of imygmments (e.g. 2003-2005, 2006-2009,
2012-2015). Overall, technical efficiency and bottimponents decreased between 1999 and
2015. The mearSE score corresponds to 1.024 with on average 40epemf city banks
operating under decreasing returns to scale arslaibovetheir optimal scale. This implies
that the consolidation process of city banks irdecalled “mega banks” has not necessarily

helped to increase their efficiency.

18 For a more detailed overview of the results saield 6 to Table 9 in Appendix A3.
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Tier-one and tier-two regional banks have beenvamage the most efficient banks according
to our measure with both having an averagescore of 1.10 in our observation period. For
both types of banks scale inefficiencies have beather small such that a further
consolidation among regional banks cannot be egdetd improve their efficiency. Pure
technical efficiency considerably increased betwEe90 and 2003 and has slightly decreased

since then.

Shinkin banks have exhibited by far the largesftficiencies with an average technical

efficiency score of 1.33. Technical inefficienciesve increased from 1.29 in 1999 to 1.39 in
2015 despite the significant consolidation proc&snkin banks' inefficiencies are mainly

driven by pure technical inefficiencies, howevesle inefficiencies are also larger compared
to other bank types. The average scale efficiemoyesfor shinkin banks is 1.035 and hence
scale inefficiencies are above the total sectorrm@acording to the efficiency measure an
average around 96 percent of shinkin banks have tyerating below their optimal scale i.e.

they have been too small, as compared to only iéepeof city banks, 71 percent of tier-one
regional banks and 84 percent of tier-two regidraadks.

4  Adjustment Measures as Drivers of Japanese Banks fdiency

Based on the efficiency measures compiled aboverase the determinants of the banks'
inefficiencies since the 1998/99 Japanese finarwials. In particular, we control for the
impact of the Bank of Japan’s monetary policy srisianagement and the bank’s strategies to

cope with the low interest rate environment.

4.1 Estimation Framework and Methodology

To identify the sources of Japanese banks' ineffes we regress the efficiency estimates as
compiled in Section 3 on a set of explanatory \eist® We estimate the following model:

Bic = Bo + Brzie + 6 + & Q)

where the dependent variabflg. is banki's estimated efficiency score at timeln our

analysis we run equation (1) for both the estimagetinical efficiencyT'E;, as well as pure

¥ For more information and an overview of efficigrstudies using such a two-stage approach see Bincar
Wilson (2007). Studies on the Japanese bankingisasing a two-stage approach include Altunbasl.
(2000), Fukuyama and Weber (2009) and Assa. (2011).
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technical efficiency scoreBTE;, as dependent variabl&sThe vectorz;, represents a matrix

of explanatory variables including those commonburfd in the literature to have a
significant impact on banks’ efficiency as well eriables reflecting the banks adjustment
strategies to monetary policy crisis managemerdesgribed in section 2. Furthermore, we

control for year fixed effect§;. The termg;; is an error term.

To estimate equation (1) we use the bootstrappettdated regression model proposed by
Simar and Wilson (2007). Given the bounded natdirih@® estimated efficiency scores with
TE; > 1 andPTE;, > 1 a truncated regression model leads to more censiand accurate
estimates than Tobit or OLS models that were fti@uhlly used in two-stage efficiency
studies of the banking sector (e.g. McKillepal, 2002, Fukuyama and Weber, 2009).

4.2 Variable Definitions

The data basis for our regression analysis is Htasdt presented in section 3.2. Due to
missing data the sample for our regression anailysightly smaller than the original sample
comprising only 5,823 observations of 389 differdra@nks. Descriptive statistics of all
explanatory variables can be found in Table 3.

Control variables that were found to have a sigarifit impact on Japanese banks’ efficiency
are the market shar#§), non-performing loand\[PL), the return on average assdR©OAA)
and bank size (Fukuyama and Weber, 2009; Assal, 2011). Market shareMS)is proxied

by the ratio of bank's deposits to total banking sector deposits arsl iwgrevious studies
found to have a positive impact on efficiency (Fygama and Weber, 2009). Non-performing
loansNPL are measured as risk-monitored loans over totaldoThey are expected to have a
negative impact on Japanese bank's efficiency @sdfan previous studies (Altunbas al,
2000). Furthermore, we expect the return on aveesgets to be positively correlated with
bank efficiency (Assaét al, 2011).

To control for the impact of the Japanese mongpaficy we include the net interest margin
(NIM) defined as bank's net interest revenue as a shaiseaverage total earning assets (in
percent). Whereas the net interest margin is toadilly regarded as reflecting asset
productivity (Assafet al, 2011), we use it as an indicator of the bankjsosure to the low

interest rate environment and unconventional mopgalicy®* A positive coefficient of

2 We omitSE;, from our regression analysis as a bank's scalgesfty is the quotient offE;, andPTE;, and
is solely determined by the bank's size.

2L Busch and Memmel (2015) and Claessenal. (2017) show empirically that banks’ net interesirgins
significantly react to changes in interest rate@gred by central banks.

18



NIM in our estimation indicates that low net-intenestrgins have successfully incentivized
Japanese banks to increase efficiency to mitigetsek in revenuéé.In contrast, a negative
coefficient indicates that banks with declining megerest income were less able or willing to

increase efficiency and suffer from higher inefitties.

Table 3: Descriptive Statistics - Regression Analis

Mean SD Min Max
TE 1.25 0.16 1.00 2.22
PTE 1.21 0.14 1.00 2.16
MS 0.17 0.66 0.01 17.22
NPL 7.45 4.10 0.00 37.35
ROAA 0.09 0.45 -7.24 2.07
NIM 1.71 0.38 0.10 3.51
SECLOAN 0.51 0.28 -0.01 2.95
GOVSEC 0.38 0.21 -0.07 8.28
NIOI 0.07 0.47 -12.37 28.66

Source Authors' calculations

As discussed in Section 2 Japanese banks haveasmgéy invested in securities -
particularly government bonds - and have raisedstige of non-interest income (i.e. fees
and commissions). As proxies for changes in thek'saportfolio mix we include the
securities to loan raticSECLOAN)as well as the share of government securities grmtal
securities GOVSEC) The ratio of non-interest operating income taltaperating income
(NIOI) aims to capture the effect of bank's effort toeddify their revenue structure. The

impact of a bank's diversification strategy oretticiency is theoretically indeterminate.

Bank size is captured by a set of dummy variabtesaltow for nonlinearities in the
relationship between efficiency and bank size, wittesholds chosen following Berger and
Mester (1997). The definitions of small, mediumigka and huge banks as well as the

distribution across the bank types are present@aloe 4. It is assumed that there is no clear

22 Note that higher values &fE;, and PTE,, indicate lower efficiency and higher inefficienci. positive
coefficient implies that an increase in the negiiest margin would lower efficiency/increase ingéncy.

A higher share of securities can have a positiygact on a bank's efficiency, because secuiitiesstment

is associated with lower operating costs than tlwvigion of loans as the latter involves evaluatand
monitoring activities (Sarmiento and Galan, 20wever, simultaneously the expansion of non-irsere
income by providing more fee-based services anddymts involves more resources. Therefore, an
adjustment of a bank's revenue structure mighsbedated with decreasing efficiency.
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link between bank size and efficien@®y.Furthermore, we control for the distinct
organizational and governance characteristics eftéinks by including dummies for each
bank type CB, RB |, RB II, SB.?

Table 4: Bank Size Dummy Variables

Definition CB RBI RBII SB

SMLBANK TA <114 billion Yen 0% 0% 0% 23%
MEDBANK 114 billion Yen< TA < 1.14 trillion Yen 0% 13% 54% 70%
LARBANK 1.14 trillion Yen< TA < 11.4 trillion Yen  20% 86% 46% 7%
HUGBANK TA > 11.4 trillion Yen 80% 1% 0% 0%

Notes 114 billion Yen equal around 1 billion USD; CB:yclianks, RB I: tier-one regional banks, RB II: tier-
two regional banks, SB: shinkin banks.

4.3 Estimation Results

Table 5 reports the estimation results of equatldrfor both technical efficiencJE as well

as pure technical efficiency sco®8E as dependent variabl&sColumn two and four show
the results for a model including the explanatoayiables which are usually used in the
literature. Column three and five extend the edisidby including variables that may
influence bank's efficiency in a low interest raaad unconventional monetary policy
environment. This includes the net-interest martje, securities to loan ratio, the share of
government bonds and the ratio of non-interestaijg income to total operating income. In

addition, dummies for bank size and bank type rckided.

Table 5 shows that all traditional control variabl®S NPL, ROAA are statistically
significant with the expected sign, apart from toefficient of ROAAwhich is statistically
insignificant in the extended model. With risingrket share 1S) (a larger share of deposits
out of total deposits), the efficiency is larger.nigher non-performing loan raticNPL) is
linked to a lower degree of efficiency. A higheturm on average asseR@AA is linked to a

higher degree of efficiency.

% For a sample of Japanese commercial banks Altuabad. (2000) identify a positive impact of size -

measured by total assets - on efficiency. Howefgarthe case of Japanese shinkin banks Fukuyama and
Weber (2009) find a negative relationship betwsiza and bank's efficiency.

The bank size dummy thresholds were chosemiayaas to avoid a multi collinearity problem witretbank

type dummies. All bank types include at least tiffecent size groups.

% Estimated using theimarwilsonSTATA command by Tauchmann (2016).
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Table 5: Estimation Results

TE (1) TE (2) PTE (1) PTE (2)
MS -0.0468" -0.0501" -0.0665 -0.1603"
[0.0162] [0.0174] [0.0291] [0.0346]
NPL 0.0036" 0.0047" 0.0027" 0.0050™
[0.0006] [0.0006] [0.0006] [0.0006]
ROAA -0.0255" -0.0056 -0.0160 0.0046
[0.0052] [0.0049] [0.0054] [0.0050]
NIM -0.2173" -0.2565"
[0.0095] [0.0089]
-0.2378" -0.1741"
SECLOAN [0.0089] [0.0092]
-0.0356" -0.0168
GOVSEC [0.0111] [0.0101]
-0.0031 -0.0046
NIOI [0.0042] [0.0040]
-0.0251" -0.0418" 0.0822" 0.0626"
MEDBANK " 10.0053] [0.0051] [0.0059] [0.0054]
-0.0722" -0.1150” 0.0705" 0.0474"
LARBANK [0.0107] [0.0108] [0.0115] [0.0118]
-0.0883 -0.1238 0.0975 0.1586
HUGBANK 15 0741 [0.0643] [0.0860] [0.0866]
RB | -0.3006" -0.2286" -0.2637" -0.2446"
[0.0652] [0.0588] [0.0683] [0.0683]
RB I -0.2748" -0.1691" -0.2417" -0.1931"
[0.0660] [0.0616] [0.0695] [0.0705]
SB 0.0923 0.2036 0.0949 0.1209
[0.0650] [0.0601] [0.0695] [0.0712]
1.1621" 1.6225" 1.0503" 1.6510"
Constant
[0.0668] [0.0646] [0.0708] [0.0750]
Observations 5,823 5,215 5,618 5,030

Notes: Negative coefficients indicate positive impacts efficiency and vice versa. Reference
categories are SMLBANK and CB. Standard errors ichsts p < 0.10,” p<0.05,” p<0.01.

The net-interest marginN(M) — which has been compressed by low interest rate a
unconventional monetary policy — has decreased négpa bank’s efficiency (positive
coefficient, significant at the one-percent levélhe impact is rather large. A one percentage
point decline of the net-interest margin reducdsaak’s pure technical efficiency score by
around 0.26 points ceteris paribus. This eithercatds that the depressed competition due to
the consolidation in the banking sector and/orpgtwvision of low-cost liquidity by the Bank
of Japan have reduced the pressure on banks t@wmphneir efficiency, or the loss in their
traditional source of income has constrained taleility to do so. Either way, declining short-

and long-term interest rates had clearly a negatipact on Japanese banks’ efficiency.

Shifting their portfolio from loans to securitiegas helped Japanese banks to mitigate the

negative impact on efficiency. A higher ratio otgaties to loansRECLOAN)is associated
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with higher technical as well as higher pure techhiefficiency (negative coefficients,
significant at the one-percent level). Moreoverhigher share of government securities
(GOVSEC)seems to have boosted efficiency (negative coeffis, significant at the one-
percent level). This supports our presumption thaan environment of low private sector
loan demand — and therefore increasing competitidhe loan markéf — a switch to the less
resource consuming lending to the public sectordeen lucrative for Japanese banks. The
coefficient of the non-interest operating incometotal operating income ratidllOIl is
negative for both technical efficiency and purehtdcal efficiency’® but statistically

insignificant at the common levels.

The results with respect to the impact of banke sim efficiency are indeterminate. Small
banks are used as reference group. For techniaakaty, all coefficients for medium-sized,
large and huge banks are negative and mostly tgtatig significant at the common levels.
This suggests that a larger size is linked to higieehnical efficiency® However, the
positive coefficients oMEDBANK LARBANKandHUGBANKIn the estimation model with
PTE indicate that pure technical efficiency of lartpanks is lower compared to the reference
categorySMLBANK,i.e. small banks. The reversal of the coefficienighs in thelE and
PTE models implies that the positive scale efficieeffgcts of a larger size over-compensate
the negative size impacts on pure technical efimye Hence our results suggest that the
ongoing consolidation process in the Japanese hgn&ector has been reducing scale
inefficiencies by increasing the size of banks, &éesv, with the side effect of increasing pure

technical inefficiencies.

Our estimation results also confirm our findings Section 3 concerning the efficiency
differences between the different types of banksthWity banks (CB) being used as a
reference group, tier-one regional banks (RB I)iadécated to be the most efficient banks.
This applies to both technical and pure technid¢atiency (largest negative coefficients,
significant at the one-percent level). Also tiemtwegional banks (RB 1) show a higher
technical and pure technical efficiency than cignks (column 3 and 5), though the gap is

smaller than for tier-two regional banks. In costrashinkin banks (SB) exhibit larger and

27 As of the beginning of the 2000s competition ambanks in the loan business intensified, putkmgling
rates under pressure and further lowering intaresgins. City banks have expanded their lendiniyities
to rural areas, whereas regional banks have expatwerban areas. Some regional banks have set up
branches in neighbouring prefectures or major<itizank of Japan, 2006, 2008, 2012).

% This is in line with findings of DeYoung (1994)rfcommercial banks in the U.S.

2 The negative coefficients MIEDBANK LARBANKand HUGBANK mean that technical inefficiencies are
lower as compared to the reference cate G BANK
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statistically significant technical and pure tedahiinefficiencies than any other bank type.

However, the coefficient is only statistically sifgrant for two out of four specifications.

5 Conclusion and Policy Recommendation

Since the bursting of the Japanese bubble econamyirereasingly since the Asian and
Japanese financial crisis, Japanese banks haveupeen a persistent adjustment pressure.
We have shown that the low-interest and unconveationonetary policy measures of the
Bank of Japan have not only in the short term hieljpeprevent a financial meltdown. The
very expansionary monetary policy has also undezchithe traditional source of income of
Japanese banks, which was strongly tilted towarditrprovision to households and

enterprises.

The Bank of Japans’ monetary policy crisis managenmas also become an important
driving force of a gradual consolidation processhia Japanese banking sector which has led
to a declining number of banks, branches and regrgloyees. This suggests increasing
efficiency due to increasing economies of scaleéerAktively, a lower degree of competition
because of growing concentration and persistentclast liquidity provision by the Bank of

Japan has contributed to declining efficiency.

Our analysis provides evidence in favour of sigaifit efforts of banks to increase efficiency,
in particular for regional banks. Yet, over time #rosion of the traditional sources of income
is identified to have triggered losses in efficignt particular, for city banks, which have
formed large financial conglomerates (so-called anbgnks) the concentration process is
likely to have gone too far, therefore contributitay declining efficiency. For the small
regional and shinkin banks even a very drastic aatsion process seems not have been
large enough to achieve sufficient efficiency gains

The announced continuation of the ultra-expansiponawnetary policy by the Bank of Japan
is likely to accelerate the concentration proceseray banks, because the interest rate margin
can be expected to become further depressed andl¢hef public bonds as an instrument to
stabilize profits will be further declining. Our agsis therefore suggests, that Japanese
monetary policy crisis management will from now further contribute to a declining
efficiency in the Japanese banking sector. Becaaseentration which is accompanied by
declining pure technical efficiency is linked to lfeee losses, a gradual exit from ultra-

expansionary monetary policy is recommended. Thialvensure more efficient allocation
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of capital in the Japanese economy, which is basedompetition among banks rather than

low-cost liquidity provision by the central bank.
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A Appendix

Al. Estimating Efficiency Scores

We assume as set of banks each produgingutputs usingx inputs. The production
technology is given bys and models the transformation of inputs RY, into outputs

y € R¥. Hence S models the set of all feasible input/output vestor

S = {(x,y): x can produce y} (2)

Farrell's (1957) output measure of technical eficy models the maximum proportionate

increase in output for a given set of inpuand technology™

0(x,y) = sup{0: (x,0y) € S} (3)

with 8(x, y) being greater than or equal to one. Note, thaF#reell output-oriented technical
efficiency measure is equivalent to the reciproctlShephard’s (1970) output distance

function:

Dy(x,y) =inf {0: (x,y/6) € S} (4)

with Dy (x,y) < 1 ((Fareet al, 1985). Figure 10 illustrates the technical efficy concept
for the one-input-one-output case using outputrbeieé measures. Bank A, B, C and D
produce outpuy using inputx and an unknown technology The lineS.zs represents the
technology frontier assuming constant-returns-edescFollowing Farrell's (1957) definition
bank A is technically efficient as it lies at thechnology frontierS.zs and produces the
optimal outputy; given inputx,. Bank B, C and D are technically inefficient as thutput is
below their optimal levebg, y: andyj. Farrell's (1957) output-oriented score of techhic
efficiency correspond to the ratidBESR® = 0y; /0y, TESRS = 0y5/0y. and TESRS =
0yp/0yp. Technical efficiency scorBE = 1 if the bank is technically efficient arfte > 1 if

the bank is technically inefficient.

The assumption of a constant-returns-to-scale tdobg frontier is only appropriate if all

banks are operating at an optimal scale. Howeveram be shown that if banks are not
operating at their optimal scale the technicalcedficy estimate is confounded by scale
inefficiencies. Charnest al. (1978) and Bankeet al. (1984) extend the technical efficiency

% Input-oriented measures focus on the optimal fii@imal) set of inputs for a target output set.
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concept and propose a decompositiorT Bfinto pure technical efficiencyPTE) andscale

efficiency (SE) by relaxing the constant-returns-to-scale assumpfmr the underlying
technology:

TE = PTE X SE (5)

Figure 10: Output-Oriented Technical Efficiency Meaure

SCRS

/ S
/ VRS

o
v

Xp X4 Xg, X¢ X

Notes lllustration of output-oriented technical effioiey measure and components. Lisggs,
Syrs and Sy;rs correspond to the constant-returns-to-scale, bigrgeturns-to-scale and non-
increasing-returns-to-scale production frontieespectively.

Assuming banks A, B, C and D are using a variabterns-to-scale technolotyas indicated
in Figure 10 by the, ;s frontier, bank A, B and D would be technicallyieiéént as all three
are operating at the production fronti®E{?S = TEYRS = TE}RS = 1). However, banks B
and D are technically inefficient as regards to tdomstant-returns-to-scale frontiSgzg

(TESRS > 1 andTESRS > 1). The reason for the difference is that B and ® rast operating

3L variable-returns-to-scale encompasses both dsioeas well as increasing-returns-to-scale.
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at their optimal scale hence they exhibit scaléfitiencies.TEVRS can hence be regarded as
measuringoure technical efficiencyTE. The scale efficiency measure corresponds to:

TECRS
SE = Tpves (6)

As regards to our example illustrated in Figuretli® (overall) technical efficiency score of

CRS

bank C corresponds tBE; = TE;™ = 0y.;/0y., the pure technical efficiency score to the

ratio PTE. = TELRS = 0y, /0y, and the scale efficiency scoreSB, = 0y;./0y3.

Though the scale efficiency scaf& enables to determine whether scale inefficienciest e
or not, it does not indicate whether the bank israpng under increasing or decreasing
returns to scale. To determine the nature of thédgoefficiencies a third technology frontier
with the assumption of non-increasing-returns-talesenust be imposed (lirfg;zs in Figure

10) and efficiency scoreFENRS have to be estimated (Coedit al, 2005; Bankeret al,
1984). The nature of scale inefficiencies are deitged by comparingrEN'®S andTEVERS, If
TENRS = TEVRS the bank exhibits decreasing-returns-to-scaleTAfV/RS = TEVRS it is
operating under increasing-returns-to-s¢alReferring to our example banks C and B depict

decreasing-returns-to-scale and bank D increaghgsns-to-scale.

A2. Data Envelopment Analysis

The output distance functior®, (xf, yf) needed to construct technical efficiency scores can
be estimated using either econometric or mathealgpimgramming techniques with both
differing in the way the efficiency frontier is estited (Coelliet al, 2005). The former,
known asStochastic Frontier Analysiss a parametric method imposing a functional fam
the production frontier and econometrically estimgtthe function’s parameters. It is
susceptible to misspecifications. The second agpraa a linear programming technique
constructing the efficiency frontier by envelopimgput/output data of the decision making
unit (DMU), with the non-parametric frontier formég the “best practice” DMUs (Draket

al., 2006). The approach is referred tdada Envelopment Analysf{€harne<t al, 1978).

The basic CRS output-oriented DEA model to estintiagerelative efficiency at timg, can
be described as follows. AssumiNgnputs andvl outputs for each bankwithi =1 ..., L the

linear programming model is given by:

32 Note that output- and input-oriented models nesglto different results in the findings of theunatof scale
inefficiencies. See Golany and Yu (1997) for hoviréat this problem.
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[DE(xf, yi)]t = = max 6
L “*

Hylm—zltlym]l mzl...,M,
j=1
L
Za;l Xl < xfl, n=1.,N,
j=1
At=0 i=1..,.L.

where x/* = (x&, ..., xf, .. x%) € RY is the set of inputs for each bankat time ¢ and

= (i, . yh, L yED) € RY the set of outputsit = (112, ..., 281) is a vector of bank-
specific weights conveying information on each Bankenchmark comparatots. To
estimate scale efficiencies and to determine tineture the above described DEA model must
additionally be run with (1) variable-returns-taate and (2) non-increasing-returns-to-scale

imposed. Hence, the following additional restrintimust be included:

L1 At =1 (for VRS)
b1 Aft <1 (for NIRS)

A3. Detailed Results

Table 6: Efficiency Scores City Banks (1999-2015)

Year TE PTE SE IRS CRS DRS
1999 1.114 1.108 1.005 0% 78% 22%
2000 1.150 1.132 1.016 11% 33% 56%
2001 1.141 1.122 1.017 14% 43% 43%
2002 1.224 1.183 1.034 14% 43% 43%
2003 1.182 1.159 1.019 29% 43% 29%
2004 1.190 1121 1.062 14% 29% 57%
2005 1.166 1.127 1.035 0% 33% 67%
2006 1.201 1.169 1.027 33% 33% 33%
2007 1.195 1.144 1.043 33% 33% 33%
2008 1.195 1.168 1.023 0% 33% 67%
2009 1.168 1.158 1.008 33% 33% 33%
2010 1.218 1.167 1.044 33% 50% 17%
2011 1.155 1.157 0.998 0% 50% 50%
2012 1.173 1.176 0.997 33% 50% 17%
2013 1.167 1.143 1.021 0% 40% 60%
2014 1.158 1.129 1.026 0% 60% 40%
2015 1.155 1.127 1.026 40% 40% 20%
Average 1.172 1.146 1.023 17% 43% 40%

Notes TE: technical efficiency score estimated assuntagstant returns to scale; PTE: pure
technical efficiency estimated assuming variabkeirns to scale; SE: scale efficiency; values
above unity indicate inefficiencies, corrected eslubased on bootstrapping; IRS/CRS/DRS:
share of banks operating under increasing-retwsséle/constant-returns-to-scale/decreasing-
returns-to-scaleSource:Authors’ calculations.

% Note that an efficient bankwith 6; = 1 will be its own benchmark, hende includes only zeros except for
a 1 in theith position (Loukoianova, 2008)
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Table 7: Efficiency Scores Regional Banks | (1999925)

Year TE PTE SE IRS CRS DRS
1999 1.147 1.132 1.013 75% 6% 19%
2000 1.149 1.140 1.008 58% 13% 29%
2001 1.126 1.122 1.004 69% 21% 10%
2002 1.069 1.074 0.996 64% 14% 21%
2003 1.068 1.072 0.996 64% 12% 24%
2004 1.080 1.084 0.996 79% 10% 11%
2005 1.085 1.086 0.999 74% 10% 16%
2006 1.103 1.102 1.001 79% 6% 15%
2007 1.079 1.081 0.997 7% 13% 10%
2008 1.130 1.126 1.003 80% 3% 17%
2009 1.102 1.102 1.000 66% 3% 31%
2010 1.135 1.129 1.005 74% 3% 23%
2011 1.094 1.094 0.999 89% 7% 5%
2012 1.082 1.087 0.995 65% 10% 26%
2013 1.101 1.105 0.996 82% 7% 11%
2014 1.102 1.105 0.997 64% 14% 22%
2015 1.106 1.105 1.001 54% 14% 32%
Average 1.102 1.102 1.000 71% 10% 19%

Notes Bias corrected values based on bootstrapping guee TE: technical efficiency score

estimated assuming constant-returns-to-scale; PUEe technical efficiency estimated assuming
variable-returns-to-scale; SE: scale efficiencyjuga above unity indicate inefficiencies;

IRS/CRS/DRS: share of banks operating under increasingas-to-scale/constant-returns-to-
scale/decreasing-returns-to-sc&8eurce:Authors’ calculations.

Table 8: Efficiency Scores Regional Banks Il (1992015)

Year TE PTE SE IRS CRS DRS
1999 1.159 1.151 1.007 92% 0% 8%
2000 1.146 1.134 1.010 86% 0% 14%
2001 1.134 1.128 1.005 84% 3% 13%
2002 1.081 1.080 1.002 83% 8% 8%
2003 1.077 1.076 1.001 79% 3% 18%
2004 1.082 1.078 1.004 85% 8% 8%
2005 1.092 1.085 1.007 93% 5% 3%
2006 1.103 1.096 1.006 93% 8% 0%
2007 1.086 1.082 1.004 90% 10% 0%
2008 1.128 1.120 1.007 81% 8% 11%
2009 1.104 1.098 1.006 81% 8% 11%
2010 1.131 1.120 1.010 86% 8% 5%
2011 1.103 1.092 1.011 93% 5% 3%
2012 1.078 1.081 0.997 73% 12% 15%
2013 1.097 1.095 1.002 87% 8% 5%
2014 1.105 1.103 1.001 74% 13% 13%
2015 1.110 1.105 1.004 70% 11% 19%
Average 1.105 1.099 1.005 84% 7% 9%

Notes Bias corrected values based on bootstrapping guvee TE: technical efficiency score

estimated assuming constant-returns-to-scale; PUEe technical efficiency estimated assuming
variable-returns-to-scale; SE: scale efficiencyjuga above unity indicate inefficiencies;

IRS/CRS/DRS: share of banks operating under increasingas-to-scale/constant-returns-to-
scale/decreasing-returns-to-sc@eurce:Authors’ calculations.



Table 9: Efficiency Scores Shinkin Banks (1999-2015

Year TE PTE SE IRS CRS DRS
1999 1.290 1.246 1.037 96% 2% 2%
2000 1.322 1.284 1.031 93% 2% 5%
2001 1.313 1.278 1.028 95% 3% 2%
2002 1.259 1.238 1.018 96% 2% 2%
2003 1.262 1.238 1.019 95% 1% 4%
2004 1.274 1.244 1.025 95% 2% 3%
2005 1.283 1.249 1.028 96% 1% 2%
2006 1.315 1.279 1.029 96% 1% 2%
2007 1.312 1.263 1.040 97% 1% 1%
2008 1.352 1.295 1.044 96% 3% 1%
2009 1.326 1.273 1.041 96% 2% 1%
2010 1.389 1.312 1.060 97% 1% 1%
2011 1.373 1.308 1.051 99% 1% 0%
2012 1.377 1.323 1.041 97% 1% 2%
2013 1.399 1.344 1.042 97% 1% 1%
2014 1.412 1.365 1.035 95% 2% 4%
2015 1.394 1.338 1.045 92% 2% 6%
Average 1.331 1.286 1.036 96% 2% 2%

Notes Bias corrected values based on bootstrapping guee TE: technical efficiency score

estimated assuming constant-returns-to-scale; PUEe technical efficiency estimated assuming
variable-returns-to-scale; SE: scale efficiencyjuga above unity indicate inefficiencies;

IRS/CRS/DRS: share of banks operating under increasingas-to-scale/constant-returns-to-
scale/decreasing-returns-to-sc&8eurce:Authors’ calculations.





