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EU Banks’ Profitability and Risk Adjustment Decisio ns
under Basel Ill *
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Abstract

This paper uses quantitative modeling methods sesssthe potential impact
of the new capital requirements defined in Baskehtid Capital Requirements
Directive IV (CRD 1IV) on European banks. In our busés we explore the im-
pact of the higher capital requirements on the ll@ferofitability of European
banks. More specifically, we try to pinpoint whichthe variables will have
the most significance. Based on the results of analysis which employs
a simultaneous equations model on 594 banks operati the European Union
in the 2006 — 2011 period, we conclude that higtegital requirements under
the CRD IV proposal would cause a decrease in Bgmiditability accompa-
nied by a drop in their risk taking. Additionallye show that a higher level of
capital held by banks would cause them to decrézee risky assets held rela-
tive to total assets.
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1. Introduction

The overall objective of the Basel Ill capital amt is to strengthen global
capital, liquidity and risk assessment rules amtbequently enhance the resiliency
of the banking sector (BCBS, 2010). The reasorefanging and complementing
the preceding sets of rules, known as Basel | amskBIl, was to prevent the
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repeat of consequences of market failures, fikgaked by the 2007 — 2008 crises,
by improving the banking sector’s ability to absaefibcks arising from financial
and economic stressors. The main methods to acigintpkese goals include in-
creasing the quantity and enhancing the qualityapftal, expanding risk coverage
and introducing liquidity requirements. All of tineeasurements are supported by
defining more tight and precise market disciplind aupervision (BCBS, 2011).

The 2007 — 2009 global financial turmoil was exbated by a low level of
financial market regulatory coordination. Howevaistorical experience has
shown that the effort to implement regulations,veillance and sound macro-
economic policy did not suffice to prevent the finel industry from periodic
crises (Reinhart and Rogoff, 2009). Consequentlijalar result might be ex-
pected from a new regulatory framework on bank tehpequirements defined
by the mentioned Basel Il and Capital Requirem@itective IV on European
banks. There is a debate currently pending aboanfiial market regulation — its
recent classical works include Acharya et al. (20D®watripont, Tirole and
Rochet (2010), Mandel and Tom3ik (201dihak, Demirgiig-Kunt and Johnston
(2012) or Lall (2012). Despite the fact that Badeimplies an improvement
compared to the Basel Il capital accord, we agrigle ball (2012) or Klinger
and Teply (2014) who state that the Basel Il ragjah is not sufficient and will
not prevent financial markets from future criseg ¢l its expected calibration,
delayed implementation and strong pressure fronbémés’ lobbyists.

The pending Eurozone crisis has highlighted the o bank regulation and
its influence on local economics. Therefore, the aif this paper is to take
a closer look at the potential impact of the BdBalkegulation on EU banks us-
ing quantitative modeling methods. Specifically, ae testing the following
hypothesis: that higher capital requirements wowd have any effect on the
profitability of EU banks because the following exfts will cancel each other
out: (i) higher interest rates and inelastic demfordoans will lead to higher
interest income— slightly higher profitability, (ii) better capitakd banks have
access to cheaper source of financidhigher profitability, (iii) less risky assets
bring less return— lowering profitability, (iv) equity financing is aelatively
expensive form of financing> lowering profitability. To answer the risk- and
profitability-related questions, we will employ atomodated simultaneous
equations model pioneered by Shrives and Dahl (19@2ere risk, profitability
and capital are modeled endogenously.

The paper continues as follows. In Section 2 vesgnt a literature review on
the profitability-risk-capital simultaneous systegection 3 presents and reviews
the model. Against this backdrop, in Section 4 wavige an empirical research
and analyze the impact of higher capital requirdmemder Basel Il on the
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profitability of EU banks. For this purpose, we Iwglonduct an econometric
analysis for 594 European banks in the 2006 — 2fHdriod and employ the
Shrives and Dahl methodology. In last Section, was@nt our conclusions and
state final remarks.

2. Literature Review

In this part, we present a literature review oa grofitability-risk-capital
relationship. Research papers dealing with thitape divided into two groups:
the first group focusing on a capital-risk relasbips and the second group ana-
lyzing a capital-profitability relationship. To ment this topic more comprehen-
sively, we describe these two streams of literageparately in the following
paragraphs. The first group encompasses ShrivePahtl(1992) investigated
whether the imposition of stricter capital requissts reduces risk-taking incen-
tives of banks based on a simultaneous equatiomelmdheir model pioneered
the idea that the changes in both capital andhisle endogenous and exoge-
nous components. The results obtained by the aiihdicate that changes in
the capital level are positively related to therades in asset risk. Even though
their findings were unilateral, Shrives and Dal®92) justified potential hete-
rogeneity in a risk-capital relation by the followgi two-sided argument: (i) if
exploitation of the deposit insurance subsidy dminating bank behavior, then
a negative association between changes in riskcapilal should be expected,
and a secular trend toward lower capital and highsk levels; however,
(i) a positive relationship between changes ik @sd capital would result if
some leverage- and risk-related cost factors dvaek behavior. Therefore, in
spite of employing the same principles of the Ségiand Dahl methodology,
later works bring diverse results. For instanceplfieMatsja3ak andCerno-
horsky (2009), Awdeh, El-Moussawi and Machrouh @QDokipii and Milne
(2011) belong to those studies identifying a pesitielationship between the
level of capital (alternatively a change in capdgeh buffer) and the level of risk
(alternatively a change in risk). On the other haratques and Nigro (1997),
Zhang, Wu, and Liu (2008) declare negative riskitehpelationship.

The second group of the literature concentratiiglg on the relationship
between the level of held capital and bank proifiitstis limited. Nevertheless,
there exist a lot of studies dealing with the bamksfitability as such, where
bank capital is very often included as an explagatariable. The truth is that the
majority of these studies reported, from our pointiew, an unexpected positive
relationship between the level of capital held dhe profitability level and
Bourke (1989) was the first who reported such atcare. He rationalizes his
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findings by speculating that better capitalizedKksalnave the benefit of access to
cheaper sources of funds or that the prudence eohddiy high capital ratios is
maintained in the loan portfolio with consequenpiovement in profits. Berger
(1995) justifies a positive relationship betweeafipability and capital by adding
other two arguments. First, he claims that banlisdhe expected to have a better
performance in the future signal this informatibnough a higher level of held
capital. Second, if more periods are taken intmant higher capital levels are
a result of retained earnings if the profit is fudty paid out. However, this second
argument is not valid to consider within the bouretaof our study as the causali-
ty in this case (profit> capital) is both logically and chronologically agite as
analyzed in our case (capital profit). One of the most recent studies on bank
profitability of Kanas, Eriotisc and Vasilioub (ZB)Lcontributed to a number of
the authors’ colleagues reporting a positive chpititability relationship.

In the realms of European borders, the topic viasgered by Molyneux and
Thornton (1992) who wanted to verify Bourke’s fings by replicating his study
for Europe. Their results are consistent with thalsBourke’s, which creates an
evidence for empirical positive relationship betwempital and profitability in
Europe. Other studies on banks profitability witlinrope include Abreu and
Mendes (2001), and Pasiouras and Kosmidoua (200¥le both contribute to
those works in which the relationship between thgital ratio and profitability
is identified as positive. Nevertheless, the eroplrfindings regarding the topic
of capital-profitability relationship for banks armt unilateral. There exist re-
search papers that confirmed causality that moperesive sources of financing
(capital) lead to lower profitability. For instandgoddard, Molyneux and Wilson
(2004) analyzed the dynamics of growth and profitsghin European banking
sector and found that banks maintaining high chpitdiquidity ratios tend to
record relatively low profitability ratio and groslowly. Ngo (2008) reported
a negative capital-profitability relation for theSUbanks. His findings are ex-
tremely important for our discussion as we, in analysis below, similarly con-
sider the triangle profitability-risk capital andodel it simultaneously. The re-
sults of his study indicates that the capital ratiahs that instruct banks to con-
centrate on the management of regulatory capithéediverts banks’ attention
away from their primary functions — maximizing gtpfvhich lead to a reported
negative relation between the level of common gquaitio and profit.

3. Model Description

To arbitrate the conflict between the supported eritics of capital require-
ments as for its positive impact on risk reductm negative impact on profita-
bility within Europe, we alter and use the simuétans equations model initially
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developed by Shrives and Dahl (1992) analyzingréationship among bank
capital and risk levels. Our analysis uses the mlesimultaneity pioneered by
their work but we extend the model to a considerabtent: we incorporate the
profitability equation into the system and incrette® number of employed exo-
genous variables.

Based on the conventional theory, the riskiness ladink is given by its ability
to absorb losses and its profitability is influetid®y the costs of its operations.
Keeping this logic in mind, the following mechansmmolds: (i) banking regula-
tion requires higher level of capital to createudfdr with a potential to absorb
potential losses, and (ii) higher level of helditapin turn, leads to an increase
in costs of financing for banks, what can poteltiaéduce profitability. As
a result of this interconnection, we are going ngpy the simultaneous equa-
tions model, where capital and risk are includedeadogenous variables, to
estimate their individual impacts on bank profitipi The approach of simulta-
neous equations allows us to estimate the effeleigbfer capital requirements on
bank profitability without the danger of neglectithgeir effect on risk. In design-
ing this model, we were inspired by Ngo (2008) whodeled the impact of
Basel Il on the profitability and risk for the U&riks. In the model, the key role
is played by the endogenous variables: profitahitisk and capital that appear
as both dependent and explanatory variables.

First, the most common measures of banking piofita are the following:
() return on average assets: ROAA (net profit/agertotal assets), (ii) return on
average equity: ROAE (net profit/average equityd &) net interest margin:
NIM (interest income-interest expenses)/total a3seathile each of these measu-
rements has its advantages and disadvantagestidmaty, ROAA is consi-
dered to be a more reliable indicator of profitépithan ROAE, in terms of
efficiency performance, since it is adjusted foe tAverage and an associated
risk effect (ROAA = ROAE/leverage). The effect ef’érage and corresponding
risk is obvious from so called DuPont decompositanthe return on equity
(ROE) measure, ROE = Return on assets (Net pref#s) x Assets turnover
(Sales/Assets) x leverage (represented by AsselityfeqThis decomposition
indicates that the higher the leverage, ceteritbpsythe higher the ROE while
ROA remains stable. Moreover, in the context oflyaag the effects of in-
creased capital ratios, using ROAA is a betterampts it will not be biased by
the composition of liabilities (capital and deb#hich would be the case with
usage of ROAE (ECB, 2010). Based on this definjtibris natural to expect
a lower ROAE as a result of higher capital levélsis is because the capital is
supposed to serve as a buffer lowering the riskaunty that is usually measured
and represented by ROAE. Additionally, we belidhat for banks the profitability
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on all employed capital is a better measure ofetfiectiveness and ability of
profit generation. The averageness of the ratawallus to control the continuous-
ness of the effect over the whole year. As for Nikis profitability measure
will be used as an exogenous explanatory variableapture the effect of mo-
nopoly power in the market and the ability of baokearn abnormal interest
income (Mejstik, Pe&ena and Teply, 2008). Additionally, NIM has the grutal
to capture the effect of increased loan rate oredsed volume of provided
loans as a result of higher capital requirements.

Second, the level of capital in this model is esginted by the capital ratios
that are subjected to banking regulation as defme&8CBS (2010) and BCBS
(2011): (i) common equity ratio (common equity/rigkighted assets
(CE/RWA)), (ii) Tier 1 capital ratio (Tier 1 capitBWA) and (iii) total capital
ratio (Tier 1 and Tier 2 capital/RWA). To make thieture complete, we should
mention that the current bank regulatory framewnrEurope is set by the Capi-
tal Requirements Directive IV (CRD IV) that implens Basel Ill for more than
8,300 banks that operate in the EU. On top of thesrrequired by Basel I,
CRD 1V introduced a number of additional changeshi® banking regulatory
framework. Moreover, EBA (2011) required estabhghand keeping exception-
al and temporary buffers for EU banks to bet méil dane 2012. Consequently,
EBA (2012) reported that 27 EU banks were facingUR 76 billion capital
shortfall of as of 30 June 2012. However, we cagrsttis amount as very low
and biased since Greek banks, some Spanish badkstlaer banks under an
intensive restructuring were excluded.

Third, there are four main risks in banking: ctediarket, operational and
liquidity risk.? In this analysis, we are concerned with the pbetfiossk of banks
that can be captured by the ratio of risky assetistal assets in the bank’s portfolio.
According to Jokipi and and Milne (2011), this eateflects the project choice by
bank managers and, thus, to some degree the oassell risk. What is more, this
measure of risk is the one on which bank reguldioildl their capital guidelines.

The specificity of this system lies in the equatiepresenting the capital that
follows the logic of a model with bank capital asall option developed by
Chami and Cosimano (2001; 2010). The principleShofves and Dahl modeling
of capital do not take into account the internalisiens of banks while choosing
the optimal level of capital and uses only riskewf the bank, its size and macro-
economic factors as explanatory variables. In theagon modeling the level of

2 We refer to the recent works on these riskedit risk (Buzkova and Teply, 2010; Stavarek
and Vodov4, 2010; Janda, Michalikova and Skuhro26d3), market risk(Horvath and Teply,
2013; Stadnik 2013; 2014pperational risk(Danhel, Duchackova and Radova, 2008; Rippel,
Suchéankova and Teply, 2012; Teply, 201@jidity risk (Cernohorska, Teply and Vrabel, 2012;
Vodova, 2013).
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capital in our work, we take into consideration eneound procedures of banks’
decisions that depends on (i) banks’ expectati@utatheir future optimal loans
that determines the future level of expected chpithich has an consequent
impact on interest rates and potentially on bapksfitability levels, and (ii) the
fact that the expected levels of capital limit #aount of provided loans since
a fraction of the total loans represented by thmtabrequirements must be held
as capital, which can result in lowered profitapibf a bank, if it does not decide
to increase interest rate on loans significantg {hterest rate effect is captured by
the variable NIM discussed below). As a result, lyipg the equation repre-
senting capital as a call option allows us to piiddig assess the interconnected-
ness between banks’ profitability and interestsake the system of simultaneous
equations that consist of three equations (profitglequation, risk equation and
capital equation), endogenous variables descrilbbedeaare complemented by
a set of exogenous variables to control for othetdrs with potential significant
influence on the explained endogenous variables.

3.1. Profitability Equation

Based on the thorough review of existing literatan stand-alone modeling
of bank profitability, we constructed the followimgjuation including micro and
macro determinants with probable effects on baokitability:

PROF=aq, +a,CARra, RISk a, PRQF+a, OEa, ACTM|

1
+asNIM +a,GDP+agINF +agln Assets a,(In Asséfs+ £, M)
where

PROF — Profitability of a bank measured by ROAA

CAR — Common equity/Tier 1/Total capital regulatorytigaincluded to
capture the simultaneity between the level of @pdnd banks’
performance

RISK — Portfolio risk measured by the risky assetslt@assets — the same
risk variable as used as a dependent variableeinigk equation

PROR_; — Lagged profitability included to control for tipersistency in the level
of profitability

OE — Operating expenditures measured by operatingresgs to total as-

sets. This variable is included to embrace the mi@k effect of
managerial (in)efficiency

ACTMIX — Activity mix proxied by the absolute value ofethatio of interest
income to operating income. This variable is inelddo control for
the level of diversification of bank activities.i#t crucial for the risk
equation, but the nature of bank’s activities céso anfluence the
level of its profitability
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NIM — Net interest margin is supposed to proxy thectfbf the monopoly
power of the bank. The higher this margin, the @éighe power of the
bank to monopolistically set prices for its sergi¢ee. lending rates).
To capture the level of competition in the econospme authors use
the Herfindahl index. However, we believe thatltefindahl index is
too general as it captures an overall situatiothermarket but it does
not capture the behavior of individual banks. NIMedtly describes
the power of the individual bank to set the priftedoans and deposits
but also accounts for the competitive conditionstenmarket

GDP — Real GDP growth to capture the overall condgionthe economy

INF — Inflation rate measured by CPI

In Asset:  — Natural logarithm of total assets to control fhe size effects on
profitability

2 . .
(In Asset§ — Squared natural logarithm of total assets to coftropossible non-
linearities in the size-profit relation

3.2. Risk Equation

The risk equation includes variables that are etgqueto have a significant
impact on the portfolio riskiness of the banks:

RISK= 3, + 8, PROF+ 3, CAR B, RISK+/, ACTMI

2
+B,C, + B;LLP+ B,In Assets B,(In Asséfs+ e, @)
where

PROF — Profitability of a bank measured by ROAA, thensavariable as used
as the dependent variable in the profitability eique

CAR — Common equity/Tier 1/Total capital regulatorticgancluded to cap-
ture the simultaneity between bank’s risk takingl ahe level of
capital choosing

RISK, — Lagged risk included to control for the persistein the level of risk

ACTMIX — Activity mix measured by the absolute valuethsf ratio of interest
income to operating income. It is an important able for the risk
equation as it controls for the overall level ofkriundertaken by
banks to the extent that different sources of ine@me characterized
by different credit risk and volatility

C. — Ratio of nonperforming loans to assets incluechpture the quality
of loans on the bank’s balance sheet

LLP — Loan loss provisions to assets ratio includedeftect the financial
health of a bank

In Asset:  — Natural logarithm of total assets to controltfug size effects on risk

2 . .
(In Asset$ — Squared natural logarithm of total assets tdrobfor possible non-
linearities in the size-risk relation
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3.3. Capital Equation

The equation representing the capital followsltiggc of a model with bank
capital as a call option developed by Chami andir@amso (2001; 2010). The
basic idea behind the choice of capital by bankthis model is that the capital

is seen as a call option (Figure 1) in which &etprice £tm is the difference

between the expected optimal future |an1§ and the amount of loans satisfy-

ing the condition of current capital IevEJ (i.e. the strike price is simply a shock
to the demand for loans). If no significant ince@as demand for loans is ex-
pected, the shock to demand is below its critieatl £tm and the payoff of the

capital is zero as the capital serves no purpogeif Bhe future demand for loans
is expected to increase considerably, the capéal & positive payoff and the
bank wants to hold more capital in order to be ableneet the future loan de-
mand. The payoff is smaller and the strike pricéovger when the regulatory
capital ratio@ increases. As a result, banks tend to hold magpéatan case of
the stricter the regulatory requirement and highervolatility of the demand for
loans (i.e. greater and often shocks).

Figure 1
Bank Capital as a Call Option

Call option
payoff

Lower regulatory capit

ratio, ya
R
R
R
Higher regulatory capital
ratio6,
R
R
R
Z
&ft+1(02) &fe+1(01) Shock in the demand

for loans

Source:Authors based on Chami & Cosimano (2001).
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The capital equation in this profitability-riskqogal system is represented by
the following formula:

CAR=y, +y,(ACAR,_, +¥,( CAR (A CAR +y;
+V3(CAR), " +VsC+¥5(CAR, G+/: G (3)
+V(CAR),_, Cp+y,In Assets yy(In Assitst £,

where, for the purposes of the empirical testingjpiving observable variables
(representing the original variables in the thaoatimodel) are used:

CAR — Capital adequacy ratio — Common equity, Tietofal capital
regulatory ratio are tested
(ACAR)t_1 — Lagged change in the given capital adequacy rati

(CAR)_, (ACAR._, — Lagged change in the given capital adequacy ratitiplied

by the initial capital adequacy ratio

rP — Interest expense ratio (representing the raeposits)

(CAR)t_1 P — Interest expense ratio multiplied by the gicapital adequacy
ratio

C — Ratio of nonperforming loans to assets (reprtésg noninter-
est costs of loans)

(CAR)t_1 G — Ratio of nonperforming loans to assets multiplg the ini-
tial capital adequacy ratio

Cop — Noninterest expense ratio (representing noréstecosts of
deposits)

(CAR, G — Noninterest expense ratio multiplied by theiahicapital ade-
guacy ratio

In Asset: — Natural logarithm of assets used to controtfiersize of stud-
ied banks

2 . )
(In Asset$ — Squared logarithm of assets used to control forsiie of

studied banks and a potential convexity of thiseff

Because of the complexity of the capital equatibased on the theory
described above, we present the theoretical exj@mettabout the values of the
coefficients in the equation. A decrease in thaltcgpital level in the past
(i.e. (ACAR)t_1 <0) lowers the strike price of capital (increasingita is more

valuable for banks) which should lead to an inaéaghe current level of capital.
Therefore, we expect that +y2(CAR)t_1 <0. Moreover, this impact should be

smaller for banks with higher initial level of ca?epi(CAR)t_1 <0 (as their strike
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price is higher), so we expect thgt<0 and y, >0. A decrease in interest
costsr® and noninterest costs,, C, leads to a higher current optimal level of

loans, which decreases the strike price. Hencegutrent level of capital should
increase and we expect that+ y,(CAR)_, <0 and y; + y(CAR),_, <0. Simi-

larly with the previous case, this impact is expddo be smaller the higher the
initial level of capital(CAR) _, so y,, s <0 and y,, ¥, <O.

t-1’

4. Empirical Results

The system was estimated using both 2SLS and 3Slo&ler to check for
the robustness of the results. As already noté@galations are estimated using
three types of capital requirement ratios undereBHk (common equity ratio,
Tier 1 ratio and capital ratio), which yields thissis of results for each equation
and each methodology applied. As for the respeativenometric tests, we
report the results of the endogeneity of given aldds and identification of
equations in the Appendix.

Before turning the attention towards analyzing disg¢ussing the results, it is
important to note that we model the situation histdly and base our con-
clusions about the potential future impact of BdHetapital adequacy rules on
the assumption that the identified behavior wouddeha persistent character.
This means that we assume that banks and bankdelatriables would react
on similar impulses in the same way in the futwsaheey did in the past, which
corresponds to the approaches discussed in Section

4.1. Data Description

The data for empirical modelling were obtainednfrthe BankScope da-
tabase and cover banks in 27 of the European Widantries (including Roma-
nia and Bulgaria joining in 2007) for the period@®f/ears (2006 — 2011). The
banks were selected according to their speciatizaind due to the nature of the
models applied, only banks with “standard actigitiesuch as deposits taking
and loans providing, were involved in the modellifipgese banks include com-
mercial banks, bank holding companies, saving bani@tgage banks and
cooperative banks and we looked at their noncahes@d financial statements.
Altogether, 1 625 banks of the desired type wereed in the database. How-
ever, due to the incompleteness of the data, of¥ were finally used for
modelling. Due to the fact that the used data &@naccounting type, they are
of an annual frequency. The descriptive statisifabie data on banks is presented
in the Appendix.
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4.2. EU Banks’ Profitability

The Appendix provides a complete set of resuiltgte profitability equation
(1). Based on the significance of the results &edrésults of endogeneity tests
we will further focus our attention mainly to retsuémploying ROAA as a prof-
itability measure and common equity ratio as atehpidequacy ratio. The most
important profitability-capital relation studied ithis equation brings results
favoring the critics of capital regulation who afeaid of a negative impact of
the stricter capital regulation on banks’ profitapi Put differently, our model
confirmed that there is a negative relationshipvieen the level of capital and
profitability measured by ROAA. Concentrating on &R& the effects of in-
creased common equity ratio, Tier 1 ratio and toaglital are decreasing respec-
tively as both for significance and the absolutki@ai.e. common equity ratio
has the greatest negative effect on profitabilityilevtotal capital ratio has the
lowest effect in comparison with other two ratidbkis can be interpreted in such
a way that more capitalized banks perform worseeims of ROAA than less
capitalized banks, while the capital of higher gyanhances the degree of the
negative relationship between capital and profitgbiMore concretely, a one
percentage point increase in the level of commartgaatio results into 0.174
percentage points decrease in ROAPhe effect of Tier 1 and total capital ratio
is also negative but not significant at standavelie of significance. In our data
sample about 60% of the banks included in the nioglelo not hold enough
common equity capital to satisfy the required lesfalegulatory common equity
ratio of 9.5%. In the case of these banks, fulfjlithe regulatory requirement
would lead, on average, to a decrease in profitabitleasured by ROAA by
0.51 percentage points. Our results are simil&dddard, Molyneux and Wilson
(2004) but conflict with a majority of existing ditature such as Molyneux and
Thornton (1992) or Pasiouras and Kosmidoua (208&) found a significant
positive relationship between capital and profiigbiHowever, validity of our
results is strongly supported by the four followerguments. First, the simplest
rationale behind this relationship is based onptiaciple that higher levels of
capital are more expensive for banks (as capitadtisunlike debt, a tax deductible
source of financing) and therefore lead, ceterrgopa, to lower net income and
in turn to lower profitability ratios. Second, thegative relation between profit-
ability and capital is naturally expected as higbapital requirements are sup-
posed to lower bankruptcy costs (risk) and follagvihe logic of the risk-return
relationship, also affect the profitability of bankThird, capital regulations

% We quantify the results for 2SLS methodology b8t 8 methodology confirmed the nature
of the results but naturally leads to slightly di#int decimals.
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appear to refocus banks’ attention from their armeximize profit to the effort
to manage their regulatory capital in order to dvaotential penalties. Last, our
empirical results confirm that some European bdeksd to sell their profitable
business in order to achieve required regulatotipgaas discussed by, for in-
stance, Fitch (2012), IMF (2012) McKinsey (2013) Sftorova (2012). On
a related note, in spite of the results based siofcal data, we believe that the
dynamics, creativity and evolution of banks willoaf them to eliminate these
impacts of the higher capital requirements and kbepprofitability at least sta-
ble, while carrying on with decreased volume dfyisperations in the long-run.

Turning to other explanatory variables includedhia profitability equation
and focusing on equation’s results for ROAA, thenested coefficients do not
bring any surprising results as they are in acewdawith generally accepted
economic theories. Higher monopoly power of bankegsured by NIM) and
better diversified activities have a positive sfgaint impact on European
banks’ profitability. As briefly mentioned in thatroductory part of this section,
the coefficient of NIM can be analyzed also fronothier point of view. Because
NIM is a proxy for interest rates spreads and wasectly identified as a varia-
ble positively influencing profit, we can considbis variable to be a connecting
piece between the level of capital, interest rates profitability. As a result, we
conclude that an increase in the interest rates gesult of increased capital
requirements (resulting into other steps taken dnykb such as risk reduction —
discussed further in this work) will not be big egb (in spite of inelastic de-
mand) to keep the level of profitability of Europelaanks at least stable. Thus,
the effect of higher capital levels will be negativegardless of an increase in
the interest rateb.

Apart from NIM, a higher level of inflation is @saffecting the profitability
positively, which means that wages of bank empleya®d other non-interest
costs are growing slower than inflation. Additidpathe favorability of eco-
nomic conditions measured by real growth of GDPsdu&ve a significant rela-
tionship with profitability level as expected. Gmetother hand, the ineffective-
ness of management (proxied by operating expemdifuwas not proved to be
a significant factor influencing banks’ performaneehich is probably caused
by a slight portion of operating expenditures daltbank expenditures. Diversi-
fication of banks™ operations (represented by tivity mix) declares predomi-
nantly a negative impact on profitability, which kea sense as diversification
decreases the level of risk and potentially thditatality if portfolio manage-
ment is not executed carefully.

* For detailed empirical results on an impact ofhleigcapital requirements on loan rates
in Europe, see Cosimano and Hakura (2011) or Stdcand Teply (2013; 2014).
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The size effect measured by the volume of assassidentified as significant
indicating a convex relationship between assetspaoiitability. This is contrary
to principles of economies of scale, but logicallgo justifiable, as a convex
shape of profitability-assets relationship impltbat either very small product
specific regional or huge international banks vgitfong positions achieve higher
returns.

4.3. EU Banks’ Risk-taking Behavior

The set of empirical results of the risk equati@nemploying all three types
of capital ratios are not presented in the papeatailable on request.

The generally known “higher risé higher return” investment trade-off was
fully confirmed in our model via two channels. Tt channel is represented
by a direct relationship between risk and profiighiwhere profitability is in-
cluded as an explanatory variable for the leveligi and risk is included as an
explanatory variable for the level of profitabilitidere, the higher profitability
level has a significant and relatively strong pesitimpact on the risk level
while the same holds true for risk in equation (Ihe second channel leads
through capital-risk and capital-profitability ratanships. The higher all three
types of capital ratios are, the less risky barmdssets are, and, considering the
results of the profitability equation (1), less fitable the banks are in terms of
ROAA, which jointly implies a positive relationshietween risk and profitabil-
ity. The overview of above discussed relationsispsaptured by Figure 2.

Figure 2

Overview of Risk — Return Relationships Indicated ly the Results of Profitability
and Risk Equations

+ RISK n > Profitability

+ RISK K=" captal K _=—"> Profitabiiy

Source:Authors.

Regarding solely the effects of capital levelsbamks’ risk, our results coin-
cide with that stream of existing literature comfing negative capital-risk rela-
tionship including Jacques and Nigro (1997) or maeently Zhang, Wu and
Liu (2008). In our case, the risk was measuredbyriskiness of held assets, so
the interpretation of our findings is following:dhier level of capital ratios held
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by banks makes banks decrease risky assets reiativtal assets. If we wanted
to be more specific, a one percentage point ineréascommon equity/Tier
1/total capital ratio leads to a decrease in riglgitted assets to total assets by
1.21/0.077/0.068 percentage pointShese results can be understood in two
ways: (i) lowering risky assets may simply meart thenks, while keeping the
same level of capital, decrease their risk weiglateskts to fulfill the conditions
of capital adequacy regulation, or in a better ¢aséhe results support the use-
fulness of banking regulation, as they confirm thigher capital requirements
make banks managers controlled by banks ownersitave more reasonably in
regard to undertaking risky operation as they wardvoid the situation when
invested capital would be consumed by covering haiky costs, which simul-
taneously eliminates the moral hazard connecteud thé insurance of customers
deposits in banks. Turning to the hypothesis ofivelrand Dahl (1992) who
explain a negative relationship between the risklland capital by the strategy
of banks to exploit the deposit insurance subsiglganing that lower capitalized
banks take more risk), our results, in principlEnfem this hypothesis. However,
we look at this problem from a different perspeetas we assume that better
capitalized banks are afraid to take greater risdsause the exposure of their
own funds is higher.

All important variables included in the risk eqoathave a significant impact
on the level of risk. Variables representing thaliy of provided loans and the
financial health of the banlC{ andLLP) are significantly positively related to
the level of risk. The values of estimated coeéints for size variables (loga-
rithm of assets and squared logarithm of assethdte a convex relationship
between the size of the bank and its risk profiteother word, smaller banks
take more risk, but after reaching a certain lefehssets, they try to decrease
their risk taking behavior and if they become ayéaplayer start taking even
more risk. The activity mix variable representimg tdiversification of banks’
activities was expected to have a negative impadhe level of risk as the di-
versification is a generally accepted method faystematic risk reduction, this
expectation was confirmed by our results and plotfdiversification theory
principles were met but the results are not sigaitt.

4.4. EU Banks’ Capital Reaction

We used the third equation (3) to capture the hayks choose the level of
capital that is further utilized to model the levelf profitability and risk. Con-
sidering the significance levels, for all three itapratios the choice of capital

® We quantify the results for 2SLS methodology b8t 8 methodology confirmed the nature
of the results but naturally leads to slightly di#int decimals.
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in a given period is negatively related (as expkcje+ yz(CAR)t_1 <0) to the

prior change in the given capital ratio. This metirad banks reacted optimally —
increasing the level of their capital level afteeit previous experienced losses.
From the theoretical point of view, this effect slibbe lower for better capital-
ized banks, which was confirmed for Tier 1 capa@adl total capital in our 2SLS
and all ratios in 3SLS modeling, 86<0 and y, >0. In case of choosing the
level of equity, theory based on common equity aalhoption was suppressed
by the persistency in the level of held common sBqutio, while this persisten-
cy effect was higher for worse capitalized barnks<0, which is logical as
worse capitalized banks have probably their speoifasons for such a strategy,
so increasing the ratio must be motivated by a negulation (there was not
a brand new regulation between 2006 — 2011 reggiifie capital adequady
but they cannot lower it as they would probablyaliréhe rules of the regulation
valid at a given time.

As for the interest and noninterest costs, moshefcoefficients are signifi-
cant and most of them correspond to the theoretigpéctations. The interest
expense on deposits has a negative sign for ak tbasesy, <0) but is signifi-
cant only in the case of common equity ratio. Altrtbe same is true for nonin-
terest costs of loans, their increase, as expelgads to a decrease in the level
of Tier 1 capital and total capital (coefficienttime case of common equity ratio
is not significant). Additionally, this effect wgzoved to be lower for better
capitalized banks as their reaction is not so sulbisi. Noninterest costs on de-
posit, however, bring surprising results. Theirrdase should, according to the
model, lead to a decrease in the strike price eictpital and thus to an increase
in the capital level (i.ey; <0) but this was not confirmed for European banks’
behavior if we look at the only significant reswithich is the case of common
equity. This means that banks did not increase tbegl of capital as a reaction
to decreased costs of deposits’ administrationt (timauld potentially lead to
higher future loans), which, nevertheless, doesaoessarily reduce the validity
of the model as administration costs can be coreidgist as a marginal factor
in loan pricing.

4.5. Further Research Opportunities

Despite the conclusions cited above, we still adew ways in which our
research can be improved. Our paper deals mainktythe points of view of cri-
tics and in more detail verifies just potential atdge impacts of the new capital

% Basel Il was published in September 2005.



683

rules applicable for normal banks within the Eu@peJnion. Therefore, for
future research, we propose extending the curreaty@ical scope provided
within this study: (i) to take a closer look at soarguments proclaimed by sup-
porters of stricter capital regulation and quatitiedy scrutinize, for example, to
what extent the supporters are right when claintived higher capital require-
ments decrease social costs via decreased mowgaidhdiz) to look at the capital
requirements specific for Systemically Importantéficial Institutions (SIFIs)
and analyze in more detail the impact of these stgcter rules on given banks;
(i) to examine the impacts of capital requirenseseparately for more geographic
areas (the USA, Asia, Australia) and provide thaitual comparison in order to
bring an unrestricted global view on the studiesdigs (iv) to extent the observed
period and compare our predicted results with Eéabanks™ adjustments.

Conclusion

This paper analyzed the potential impact of CRDrdgulation on EU banks
based on the quantitative modeling methods. Ouysisgsemploys simultaneous
equations model on almost 600 banks operatingarth in period 2006 — 2011.
Inspired by Shrives and Dahl (1992), we creategstesn of simultaneous equa-
tions that consist of three equations (profitapitquation, risk equation and
capital equation). First, we researched EU banksfitability. Some critics,
especially bankers, are afraid of negative impadéthigh capital buffers on
banks’ ability to generate profits, which was camid by our results. We
showed that higher capital requirements under tR® QV proposal for EU
banks would cause a decrease in banks’ profitallicompanied by a drop in
their risk taking. Nevertheless, this negativetieteship of the capital level and
profitability would not be caused only by the inaity and expensiveness of
funding resources, as many critics tend to point Wle conclude that it would
be also caused by less risky operations taken éyo#imks. This expectation is
obvious from a negative relationship between thk df banks assets and the
level of capital ratios identified by our modelin§econd, we modeled risk-
-taking behavior of the banks. The generally kndiigher risk < higher
return” investment trade-off was fully confirmedonr model via two channels.
The first channel is represented by a direct refstiip between risk and profita-
bility in both the profitability and risk equation§he second channel leads
through capital-risk and capital-profitability ré@nships. The higher all three
types of capital ratios are, the less risky bamdssets are, and, considering the
results of the profitability equation, less prafita the banks are, which jointly
implies a positive relationship between risk anafipability. Third, we analyzed
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the capital-risk relationship of EU banks. In oase, the risk was measured by
the riskiness of held assets, so the interpretadfoour findings is as follows:
higher levels of capital ratios held by banks makasks decrease their risky
assets relative to total assets.

In conclusion, based on the above discussed sestllthree simultaneous
equations we have to reject the above-mentionedthggis that higher capital
requirements would not have any effect on the fability of EU banks. How-
ever, our results point towards the dominance efefiect of lower returns as
a result of lower risk taking of EU banks over téghnterest rates and their
access to cheaper sources of financing.
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Appendix

Descriptive Statistics of Bank Data

Common Tier 1 Total capital CL Co
equity ratio % ratio % ratio %

MIN -0.47 —-0.40 2.92 0.00 0.08
MAX 68.11 203.70 204.00 28.97 289.10
AVG 9.58 14.21 15.81 3.80 6.03
MEDIAN 9.05 11.89 13.30 3.14 13.07
STD 4.96 10.52 10.76 3.14 13.07
Number of obs. 3564 3560 3544 3030 3115

NIM % RISK Activity Mix LLP QE
MIN —-0.36 9.76 0.00 -7.32 -0.29
MAX 18.40 150.89 892.00 46.82 21.96
AVG 2.65 65.70 4.10 0.68 0.99
MEDIAN 2.70 67.62 2.61 0.46 0.93
STD 1.26 19.25 17.56 1.32 0.72
Number of obs. 3563 3314 3564 3558 3564

Source:Authors based on data from the Bankscope.
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Resultsfor the Profitability Equation

Dependant variable PROF
Methodology 29LS 39S
Type of capital ratio| Common Equity Ratio Tier 1 Ratio Total Capital Ratio Common Equity Ratio Tier 1 Ratio Total Capital Ratio
Const 7.269*** 1.273 1.273 11.725%+* 1.406 1.371
(1.518) (0.872) (0.850) (1.491) (0.870) (0.848)
CAR —0.174** —0.002 —0.002 —0.282+* —0.003 —0.003
(0.035) (0.005) (0.005) (0.030) (0.005) (0.005)
RISK 0.008*** 0.003 0.003 0.007*** 0.004* 0.003
(0.002) (0.002) (0.002) (0.019) (0.002) (0.002)
PROF.., 0.774** 0.615** 0.615 0.722%** 0.625*+* 0.627*+*
i (0.042) (0.023) (0.024) (0.041) (0.024) (0.024)
OE 0.014 —0.098 —0.098 —-0.018 —0.108* —0.109*
(0.075) (0.063) (0.063) (0.068) (-0.062) (0.062)
ACTMIX —0.002 —0.005* —0.005* —0.002 —0.006* —0.006*
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
NIM 0.243** 0.145%** 0.146 0.241** 0.137** 0.138***
(0.040) (0.030) (0.029) (0.036) (-0.030) (0.029)
GDP 0.024** 0.001 0.001 0.022** 0.004 0.004
(0.011) (0.009) (0.009) (0.010) (0.009) (0.009)
INE 0.072%+* 0.085*** 0.085*** 0.073*** 0.077*** 0.077***
(0.020) (0.017) (0.017) (0.017) (0.017) (0.017)
In Assets —0.815%** —0.260** —0.259** —1.114%** —0.276*** —0.266**
(0.162) (0.107) (0.106) (0.158) (-0.107) (0.106)
A_: >wwmm% 0.022*+* 0.009** 0.009** 0.028*** 0.009* 0.009***
(0.005) (0.003) (0.003) (0.004) (-0.003) (0.003)
R? 14.20% 35.03% 35.01% 22.58% 35.06% 35.00%

Notes: Standard errors are in parentheses, ***/**/* inded%5%/10% level of significance.
Source: Authors based on data from the Bankscope.
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Resultsfor the Risk Equation

Dependent Variable: Current Level of Capital CAR

Methodology 29.S 38LS
Type of capital ratio Common Equity Ratio Tier 1 Ratio Total Capital Ratio | Common Equity Ratio Tier 1 Ratio Total Capital Ratio
Const 39.483%* 109.3% 101.6%+ 39.619 109.1% 101.5%
(2.543) (5.365) (5.459) (1.492) (5.350) (5.444)
0.152 —~0.806** 0587 ~0.254% ~0.806** ~0.591%+*
(ACAR), , (0.131) (0.075) (0.085) (0.108) (0.074) (0.084)
~0.019%+ 0.017%** 0.012%% 0.018%** 0.017%** 0.012%%
(CaR), ,(acaR),, (0.006) (0.001) (0.001) (0.005) (0.001) (0.001)
~0.034%* ~0.021 ~0.027 ~0.016* ~0.018 ~0.024
0 (0.011) (0.021) (0.021) (0.009) (0.021) (0.021)
5 ~0.004 —~0.006%* ~0.027** 0.0016 ~0.006%* ~0.026*
(CAR), - (0.004) (0.003) (0.006) (0.0033) (0.003) (0.006)
0.011 ~0.290% —0.297% 0.127%% ~0.268* ~0.285%
c (0.025) (0.052) (0.053) (0.023) (0.052) (0.053)
0.019* ~0.014 ~0.013 0.004 ~0.015 ~0.014
Co (0.011) (0.019) (0.019) (0.008) (0.019) (0.019)
0.080% 0.122%+ 0.113%+ 0.040%%* 0.121%+ 0.112%%*
(CAR),, CL (0.014) (0.014) (0.014) (0.013) (0.014) (0.014)
0.007 0.011%* 0.007* -0.001 0.011%+* 0.007*
(cAR),, Cp (0.005) (0.004) (0.004) (0.005) (0.004) (0.004)
I A 2958w 11,24 ~10.261%+ 3,08 11,23 1025
(0.334) (0.705) (0.718) (0.333) (0.703) (0.716)
(in Asss)’ 0.060%+ 0.318%+ 0.023%+ 0.065*+ 0.318%+ 0.295*+
(0.0107) (0.023) (0.023) (0.011) (0.023) (0.023)
Rz 4321% 44.28% 41.98% 40.96% 44.28% 41.98%

Notes: Standard errors are in parentheses, ***/**/* inded%5%/10% level of significance.

Source: Authors based on data from the Bankscope.
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Tests for Endogeneity in the Profitability and the Risk Equations in Section 4.2

Hausman test

Ho: The given variable is exogenous
Ha: The given variable is not exogenous (endogemeggent)

Profitability equation

Type of Capital Ratio Common Equity Rafio Tier 1 Ratio Total Capital Ratip
RISK t-statistics 2.000 -0.290 0.000
P-value 0.045 0.769 0.990
: t-statistics -3.160 -1.290 -1.620

Capital
il P-value 0.002 0.197 0.105
Risk equation

Type of Capital Ratio Common Equity Rafidier 1 Ratio Total Capital Ratip
Profitability t-statistics 4.280 0.300 0.780
P-value 0.000 0.762 0.433
Capital t-statistics -0.910 —4.440 -3.950
P-value 0.364 0.000 0.000

Source: Authors.
Based on the endogeneity test, we will focus enrésults for equations implementing the
common equity ratio as a capital adequacy ratiowitiierpreting our finding.

Identification of the Equations in Section 4.2

Order Condition for Identification (Necessary Condtion)
Profitability Equation
PROF=a,+a,CAR+a, RISKra; PRQF,+a, OEas ACTMI
+agNIM +a;GDP + agINF +agn Assets a0(In Asse)zs+ £,

Number of right hand side endogenous variabl@s{(@
Number of right hand side excluded exogenous viasal) = 10

k; > g; = equation 4.2.1 is overidentified
Risk Equation
RISK = 8, + B, PROF+ 8, CAR B3 RISK;+ 3, ACTMI
+BsCi + BsLLP + B7In Assets Bg(In Asse)%+ £

Number of right hand side endogenous variablgs{(@
Number of right hand side excluded exogenous viasafty) = 12

k, > g, = equation 4.2.2 is overidentified
Capital Equation
CAR= 1o+ (B CARy + 12l CAR (B CAR +15 oy CAR, °r
+Y4C L +Vs(CAR, , G +/sGo+/e( CAR | G+yn Assetydin  Asdbtse,

Number of right hand side endogenous variablgs{(@
Number of right hand side excluded exogenous khaga(k) = 10

ks > g3 = equation 4.2.3 is overidentified
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Rank Condition for Identification (Sufficient Condi tion)
Rewritten equations to more appropriate forms dokrcondition verification:
1- B,PROF-B,CAR- By— B5 G — B4 ACTMIX 55 RISK;— B¢ LLP
B,In Assets- Bgln Assets-0-0-0-0-0-0-0- 0- G & 6 BG&,
1+1-a,CAR-ay - 0- @, ACTMIX- 0- O-agIn Assetsagyln Asséi
—GZPROE_l—HSOE—a'5 NIM_GGGDP_a7 INF_O_ 0_ O_ 0_ 0: gl
0+0+CAR- J, ~ /5C ~0- 0~ 0~y InAssets yg In Asséts 0- 0- 0- - B )5(A CAR

_VZ(CAR)t—l(A CAF)t—l_y:” P = ya CAFR—l 7= Ve CAR—l Evs 6V CA)B—l b=¢:

Matrix of parameters:

18 6 B B LoPsBsHB;bP3 0 0 0 0O OO 0 0O 0 0 O
ARl 1 o o 0 0o 0O O -a3g a9 1, 0305 ag—a, 0 0 0 O O O O

00 1 9% % 0 0 0K, 0 0 0 0 04 %WV VeVs W

Equation of zero restrictions:

P P RPRRPRRPRRPRPRPRRPRPRPRPRPRPLOOOOOOOOOO
P P PRPPRPPRPRPPOOODOOOORPERORrRrOOOO

O o0 oo o0o0OoOoOFrRr P FPPFPPFPOOPFPPRPOOOHLFPRLPR

o =
Product of A and ©:
0 1_/@ _ﬁ&l_lBG 1_ﬁ1_184_ﬁ3_:86
AP= -—a,-a,-a,-a,~a, 0 2-a,-a,-a,-a,—~as—a,
_}/1_}/2_}/3_}/4_}/5_}/5_}/5 _Vs_y1_y2_y3_y4_ys_y‘5_y’6 0

rank( A®) =3

S (3-1 . . -
Number of endogenous variables = 3 } 3 (3 ):> system is overidentified



