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Abstract: This study investigates the development of the levels of capital, risk and efficiency of the
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estimate bank efficiency by applying Data Envelopment Analysis. We estimate bank capital by
employing the ratio of the value of total equity to total assets and the Z-score is used as an indicator of
bank risk. The findings convey that the efficiency level of the Eurozone banks is considerably lower
than that of the U.S. banks. Moreover, the efficiency levels on average increase during the reported
period while they reach their peak in the year 2014. Secondly, concerning capitalization, our findings
indicate that the capital ratios of the banks of the same sector and different country unions have striking
differences with each other. As for the risk ratio, U.S. banks record higher levels of risk than Eurozone
banks. This study builds on the existing literature by thoroughly examining bank capital, risk and
efficiency with a contemporaneous data set, as the research with data from the period 2013 and
onwards is very limited. Additionally, our study is the first to focus on the comparison of U.S. and
Eurozone bank samples. The comparison is of utmost importance as the country unions have different
characteristics and a different speed of recovery from the financial crisis. We also separately investigate
the results per bank type (investment, retail and commercial banks).
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1. Introduction

The dire consequences of the recent financial crisis have revealed the weakness of the
regulatory framework to assure the financial stability of banking institutions. The existing
regulations did not prevent banks from taking excessive risks, and thus highlighted the need for a
further understanding of the bank risk determinants (Ding and Sickles, 2019). Moreover, it has been
suggested that capital requirements are not able to prevent bank failure alone as many banks that
failed attained adequate capital before the crisis, so further examination of capital is required (Bitar
et al., 2018). The recent financial turmoil also revealed how fundamental the further investigation of
the role of efficiency in the stability of the banking systems is, as well as the risk taking behaviour
(Mosko and Bozdo, 2016). Multiple studies investigate the bank capital, risk and efficiency as well
as the relationships between those variables (Bashir and Hassan, 2017; Nguyen and Nghiem, 2015;
Williams, 2004; Anginer and Demirguc-Kunt, 2014; Le, 2018; Williams, 2004). However, the results
of the existing literature are conflicting, stimulating further empirical research on this issue.

Additionally, the recent financial crisis showed how differently banking systems may behave
after financial shocks. A typical example could be the Eurozone and the U.S. banking systems.
Although the number of Eurozone banks’ failures is lower than that of U.S. banking institutions, the
speed of recovery of U.S. Banking systems was remarkably greater (Ackermann, 2019). This fact
could be attributed to the different characteristics of both economies and banking institutions and to
the different measures and policies implemented for the recovery from the financial crisis (Lakhani
et al., 2019). To the extent of our knowledge, there is no study comparing the levels of capital, risk
and efficiency of Eurozone and U.S. banking systems by employing after crisis data. Therefore, in
our paper we examine the development of the levels of capital, risk and efficiency develop in
Eurozone and U.S. baking systems during the period 2013-2015.

For the purposes of our study, we use a sample that consists of 3287 retail, commercial, investment
and saving Eurozone and U.S. banks. It involves annual aggregate balance sheet and income statement
data from the period 2013-2015. We investigate separately capital, risk and efficiency of both economic
unions, Eurozone and the U.S. We also examine the three subgroups of Eurozone and those of U.S. banks
depending on the banking sector (retail, commercial and investment banks).

As regards methodology, we evaluate the efficiency of the banking institutions of our sample by
applying the input-oriented Charnes, Cooper and Rhodes (C.C.R.) model of Data Envelopment
Analysis (D.E.A.) developed by Charnes et al. (1978). We measure bank capital by employing the
ratio of the value of total equity to total assets and the Z-score as an indicator of bank risk.

Concerning the contributions of the paper, our study builds on the existing literature by
thoroughly examining bank capital, risk and efficiency with a contemporaneous data set, as the
research with data from the period 2013 and onwards is very limited and this includes the recovery
period after the global financial crisis. Additionally, our study is the first to focus on the comparison of
U.S. and Eurozone bank samples. The comparison is of utmost importance as the country unions have
different characteristics and a different speed of recovery from the financial crisis. Moreover, to the
extent of our knowledge our study is the first to separately investigate the capital, risk and efficiency
results per bank type (investment, retail and commercial banks) by employing post-crisis data.

The paper is organised as follows: Section 2 presents the literature review. Section 3 describes
the research methodology employed. Section 4 presents the data sample and Section 5 the empirical
results. Section 6 outlines the findings and describes the conclusions.
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2. Literature review

After the introduction of the Basel Accord (1988), a multiple number of studies started to
examine the relationship between bank capital and risk, by investigating the effect of bank capital
adequacy regulations on bank risk. In contrast to the policy consensus, up until now, the literature
yields contradicting results (Dahl and Shrieves, 1990; Rime, 2001; Repullo, 2002). The number of
those studies also increased significantly in the aftermath of the recent financial crisis where great
concern for the stability of banking institutions arose.

According to several authors, a higher level of capital decreases the probability of default
because the banks of multiple reasons. More specifically, banks are able to withstand a decrease in
their assets, withdrawals of deposits and money payments (Anginer and Demirguc-Kunt, 2014). The
banking institutions are also able to react to the requirement of more capital by increasing, even more,
their portfolio risk (Fiordelisi et al, 2011b; Tan and Floros, 2013). Moreover, the managers of poorly
capitalized banks have moral hazard incentives to take on increased portfolio risks as those banks
face more risks as a result of lower capital adequacy (Nguyen and Nghiem, 2015; Le, 2018). The
banks have benefited from the existence of deposit insurance schemes and take on further risks, the
lesser the bank capital is, as they only risk the shareholders’ capital and not the deposits (Kim and
Santomero, 1988). Lastly, banking institutions minimize the costs of having to rapidly issue bank
equity (Peura and Keppo, 2006).

Jacques and Nigro (1997) employ a three-stage least squares (3SLS) methodology to examine
the interrelationship among bank capital, the risk-based capital standards and portfolio risk in
commercial U.S. banks over the period 1990-1991. According to their results, the implementation of
risk-based capital standards resulted in the increase of capital ratios and the reduction of portfolio
risk. Similarly, Salas and Saurina (2003) suggest that a decrease of capital forgoes an increase in risk
in Spanish banking institutions. In a more recent paper, Anginer and Demirguc-Kunt (2014) assess
the empirical association between capital and risk by using multiple alternative measures of risk in
more than 45 countries (1998-2012). Their findings indicate that an increase in capital precedes a
decrease in risk. Ashraf et al. (2016) investigates the impact of risk-based capital requirements on
bank risk-taking behavior in commercial banks of Pakistan during 2005-2012, by employing bias
corrected least squares dummy variable (LSDVC) method and system GMM method to control for
panel fixed effects, dynamic dependent variables, and endogenous independent variables. The results
indicate that banks have reduced their portfolio risk as a result of increased capital requirements.
Teixeira et al. (2019) suggest that there is a negative relationship among capital regulations and risk
during systemic crisis years.

On the other hand, the managers of better capitalized banks tend to adopt cost-reducing practices
as they have less moral hazard incentives (Tan and Floros, 2013; Fiordelisi et al., 2011b). Haq and
Heaney (2012) examine a sample of European banks during the period 1996-2010 and support the
hypothesis that there is a U-shaped relationship between risk and capital. Teixeira et al. (2014) suggest
that the relationship among risk and capital requirements depends on the location and the bank type.
Last but not least, a number of studies conclude that there is no connection between bank capital and
risk (Bitar et al., 2018; Cathcart et al., 2015).

Furthermore, many studies investigate the relationship of capital and efficiency. The majority of the
literature supports that there is a positive relationship between efficiency and capital (Bitar et al., 2018;
Le, 2018; Kwan and Eisenbeis, 1997). For instance, Sufian (2016) employ Data Envelopment Analysis to
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estimate the efficiency of Malaysian banks for the period 1999-2008. Moreover, Banker et al. (2010)
examine Korean banking institutions during the period 1995-2005. Both studies suggest that efficiency is
positively related to capital. However, according to other studies (for example Bashir and Hassan, 2017)
when capital increases, so do the agency costs and the free cash at the disposal of managers, and therefore
efficiency decreases.

Multiple studies examining the relationship of efficiency and risk yield conflicting results. To be
more precise, according to many authors efficiency and risk are adversely related (Tan and Floros, 2013;
Williams, 2004; Le, 2018). An explanation could be that a decrease in efficiency could motivate the bank
to boost its risks in order to offset the lost levels of efficiency (Nguyen and Nghiem, 2015). Apart from
credit and operational problems, poor managerial practices also can tarnish the banks reputation and
cause market problems (Altunbas et al., 2007; Tan and Floros, 2013).

However, multiple studies suggest that there is a positive relationship between risk and efficiency
(Altunbas et al., 2007; Bashir and Hassan, 2017; Williams, 2004; Nguyen and Nghiem, 2015). This
could happen as banks that do not spend resources on risk monitoring and especially credit risk
monitoring (monitoring of non-performing loans as well as other loans) appear to be more efficient in
the short term. Yet, they take on higher risk in the medium and long term as this managerial behavior
affects the quality of future loans.

Regarding the banking sectors, to our knowledge there is no study comparing capital, risk and
efficiency in different subgroups of banking institutions (retail, commercial and investment banks).
Additionally, the number of studies assessing the association among capital, risk and efficiency on retail
and commercial banks is considerably higher than those on investment banks (Fiordelisi et al., 2011a).

Finally, apart from efficiency many studies investigate the development and the determinants
of bank profitability, as an alternative measure of bank efficiency (Feng and Wang, 2018;
Molyneux et al., 2019). For example, Teixeira et al. (2019) investigates the effect of the dividend
policy of banks, the institutional environment and banking regulation to the bank profitability of
banks from Organisation for Economic Cooperation and Development (O.E.C.D.) countries, during
the period 2004-2015.

3. Research methodology

Concerning the methodology, we employ a three-step approach. Initially, we employ the
input-oriented C.C.R. model of D.E.A., developed by Charnes et al. (1978). In the next step, we
apply the ratio of the value of total equity to total assets to calculate the bank capital. In the final step,
we employ Z-score index in order to measure bank insolvency risk.

3.1. Estimation of banking efficiency

While trying to explore the associations among capital, risk and efficiency, initially, we
calculate the efficiency of banking institutions. Banking efficiency can be estimated as the radial
distance to an efficient frontier, and the related literature is divided into two classifications:
non-parametric and parametric analysis. Mainly applied methodologies of each classification are
Data Envelopment Analysis (D.E.A.) and Stochastic Frontier Approach (S.F.A.), respectively.

Following Tan and Floros (2013), Casu and Girardone (2009), Hou et al. (2014), Le (2018),
and Zhang and Matthews (2012), we measure efficiency by employing D.E.A., developed by
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Charnes et al. (1978). A key advantage of this analysis and the main reason for its selection is that
it can be used in order to compare banking institutions of different sizes. We should also mention
that the provided results are relative and are adjusted accordingly to the D.M.U. included in the
sample (Charnes et al., 1978; Stavarek, 2004).

Our model employed is C.C.R. model (Charnes et al.,, 1978), and the approach is the
intermediation approach (Sealey and Lindley, 1977). The model is vastly employed by the literature
(Shah et al., 2019; Maity and Ganguly, 2019; Marjanovic et al., 2018; Christopoulos et al., 2020). As
regards the characteristics of the model, it measures the ability of a Decision Making Unit (D.M.U.),
J=1,....,n to utilize a number of inputs X;;, i=1,.....m in order to produce multiple outputs X;,
r=1,....,s by creating a ratio of their weighted sums. Our model is input-oriented and is based on
constant returns to scale, radial distance and convex structure. The multiplier applied for the
definition of the D.M.U.q and the linear form is defined as follows:

max ZO = Er (ur* er) (1)
subject to

Xr (W * ¥)-Xi (v * x35)=0,j=1,....,n, j#0 (2)

Y (Vi x0) =1, 3

vy, u,>e>0

where:
v; = relative importance of input i
u,-= relative importance of output r
¢ = non-Archimedean value

The D.M.U,q is efficient if the associated objective Equation (1) is equal to 1, and this means
that there is at least one optimal solution which yields, otherwise it is inefficient and the lower the
efficiency score is, the less the efficiency of the D.M.U.

3.2. Estimation of bank capital and risk

Our empirical estimation also requires the calculation of capital and risk of the banking
institutions in our sample. Bank capital is measured as the ratio of the value of total equity to total
assets, which is mainly employed in the literature (Fiordelisi, 2011b; Tan and Floros, 2013; Zhang et
al., 2013; Nguyen and Nghiem, 2015).

We now turn our attention to discussing the risk of banking institutions. We witness that there
is no consensus in the measurements employed for bank risk. Credit risk measurements are
frequently used such as the ratio of non-performing loans (NPLs) to total loans®, the ratio of loan
loss provisions to total loans (Tan and Floros, 2013) and the ratio of loan loss provisions to total

The ratio of NPLs to total loans is vastly employed in the literature. For instance: Fiordelisi et al. (2011b); Bashir and
Hassan (2017); Kabir and Worthington (2017); Shim (2013).

Quantitative Finance and Economics Volume 4, Issue 1, 66-90.



71

assets (Bitar et al., 2018). Market and liquidity risks are also employed in many studies (Zhang et
al., 2013; Deelchand and Padgett, 2009).

Nonetheless, the majority of recent research employs the insolvency risk, measured by using
either Distance to Default (D-t-D) measure? or Z-score (Nguyen and Nghiem, 2015; Moyo, 2018,
Barra and Zotti, 2018; Fiordelisi et al., 2011a, Ben Salah Mahdi and Boujelbene Abbes, 2018; Kabir
and Worthington, 2017; Ghosh, 2014; Fiordelisi and Mare, 2014).

We measure bank risk by the the Z-score. This index is widely used as an indicator of the
probability of default and an indicator of bank soundness because it represents “the number of
standard deviations by which returns have to diminish in order to deplete the equity of a bank”
(Fiordelisi and Mare, 2014). A higher Z-score implies higher bank solvency and lower probability of
default, and is considered a direct measure of bank stability (Barra and Zotti, 2018).

Furthermore, the Z-score has many benefits. Initially, it can be calculated for banks which are
listed, as well as for the non-listed ones, while the D-t-D measures require data only from listed
banks (Kabir and Worthington, 2017). This is very important for the purposes of our survey as the
sample includes both categories. It is also easy to calculate the Z-score since only accounting data
are required. Lastly, the approach by which it associates capital, profits and risk is accepted by
theoretical research (Barra and Zotti, 2018; Schaek and Cihak, 2008).

Following Fiordelisi and Mare (2014) we apply the natural logarithm of Z-score, thus solving
the problem of the existence of higher values in the distribution. Therefore, insolvency risk (RISK)
for each bank (i), time (t) and full sample period (T) is estimated as follows:

RISKj = In(Z-score;j;) = In((EQi: + ROA)/c(ROAT))) 4)

where:

EQ = equity to total assets

ROA = return on average assets

o (ROA) = the standard deviation of ROA

4, Data

Concerning the group of Eurozone banks, we analyze 2706 banks from countries participating
in the European Economic Monetary Union; Austria, Belgium, Cyprus, Germany, Estonia, Spain,
France, Greece, Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, the Netherlands, Portugal,
Slovenia and Slovakia. Additionally, we investigate separately three subgroups of Eurozone banks
depending on the type of bank; retail, commercial and investment banks which include 1986, 2017,
1158 banks respectively. The United States banks group is separately examined and it comprises data
from 581 banks, while its three subgroups retail, commercial and investment banks consist of 528,
507 and 328 banks. The number of banks in each country is presented in Table 1.

2 For example Saeed and Izzeldin (2016); Fiordelisi et al. (20011b); Kabir and Worthington (2017) employ D-t-D
measure of insolvency risk.
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Table 1. Number of banks across countries.

Country Number of banks Number of Number of Number of
retail banks commercial banks investment banks
Austria 449 396 393 363
Belgium 17 8 8 10
Cyprus 5 2 3 3
Estonia 2 1 2 1
Finland 8 2 2 1
France 90 50 71 27
Germany 1567 1052 1075 587
Greece 2 0 1 2
Ireland 9 4 8 5
Italy 432 382 407 104
Latvia 2 2 2 1
Luxembourg 33 13 19 24
Malta 3 1 2 4
Netherlands 6 4 5 0
Portugal 11 10 9 4
Slovakia 7 6 7 2
Slovenia 3 2 2 2
Spain 60 51 55 18
European Union 2706 1986 2071 1158
United States 581 528 207 328

The average prices of the inputs and outputs of the Eurozone and the United States groups as
well as their subgroups, which are employed in the D.E.A. model of our study, are shown in Table 2.

According to the Table 2, it is interesting to note that both inputs and outputs of Eurozone banks
slightly fall during the reported period, whereas the inputs and outputs of U.S. banks rise to some extent.

Moreover, we observe that the average figures of all the inputs and outputs are significantly
larger in the U.S. sample compared to the Eurozone sample. This could be attributed to the fact that
after the financial crisis U.S. banks were considerably recapitalized, whereas Eurozone banks were
not (Jenkins, 2015).

It is also interesting to note that the findings indicate that the ratio of net interest income to
capital is considerably higher in U.S. banks than in Eurozone banks. An explanation of this result
might be the different monetary policies employed by the Federal Reserve (interest rates positive or
close to zero) and the European Central Bank (negative interest rates) which have a significant
impact on net interest incomes.

Quantitative Finance and Economics Volume 4, Issue 1, 66-90.
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Table 2. Descriptive statistics of inputs and outputs.

Input Output
Fixed Assets Labor Depostits Loan Net Interest Income
Eurozone banks
2013 30,989.79 20,437.64 1,384,287.10 1,632,643.22 38,676.69
2014 28,191.27 19,078.01 1,253,130.92 1,457,760.69 33,475.96
2015 26,401.97 17,374.38 1,218,726.23 1,386,274.64 29,799.69
Eurozone retail banks
2013 12,492.90 12,670.29 833,612.95 848,649.76 24,810.90
2014 11,322.22 11,503.72 769,613.89 770,814.47 22,183.30
2015 10,591.64 10,774.58 738,550.47 718,954.66 20,102.51
Eurozone commercial banks
2013 30,842.82 15,423.14 988,189.08 1,438,847.34 30,967.08
2014 28,407.79 14,596.31 890,435.26 1,277,178.46 26,398.72
2015 27,081.10 13,186.02 899,277.56 1,237,906.55 23,406.36
Eurozone investment banks
2013 9,897.27 13,519.92 880,619.83 828,349.12 22,283.73
2014  9,070.69 13,193.55 814,254.14 742,288.56 19,434.61
2015 8,574.97 11,848.17 778,992.13 682,740.77 17,108.25
U.S. banks
2013 281,793.27 601,665.07 26,252,021.95 19,525,757.38 991,799.79
2014 282,182.10 609,538.05 27,904,408.00 20,608,204.32 1,037,374.96
2015 284,084.82 609,802.97 29,055,463.10 22,261,109.17 1,066,893.05
U.S. retail banks
2013 287,193.66 614,942.08 27,373,660.48 20,498,721.50 1,046,501.98
2014 288,940.84 622,310.42 29,038,959.89 21,636,483.93 1,095,905.80
2015 291,232.80 621,910.95 30,184,169.15 23,162,491.69 1,127,812.39
U.S. commercial banks
2013 308,150.91 655,701.10 28,879,396.75 21,421,475.28 1,075,063.23
2014  308,233.42 664,402.67 30,687,824.11 22,606,882.07 1,122,665.06
2015 310,296.32 663,361.89 31,960,353.35 24,408,570.82 1,153,031.76
U.S. investment banks
2013 399,990.26 910,753.07 40,043,527.14 27,659,600.75 1,404,822.27
2014  397,928.41 924,008.16 42,402,168.88 28,996,825.30 1,471,614.19
2015 396,520.46 918,329.64 43,558,195.08 31,177,684.20 1,501,685.80

Note: The variables are measured in thousands USD.

The descriptive statistics indicate that lending in the Eurozone has decreased during the reported
period, while U.S. banks increased their lending ratios. This could be attributed to the fact that only
Eurozone banks reduced their lending policy in order to lessen their risk levels after the financial
crisis (Kok et al., 2016).

The average total equity of Eurozone banks and U.S. banks are illustrated in Figure 1 and
Figure 2. As we can observe, the U.S. banks of our sample have, on average, considerably more
equity than Eurozone banks. It is also interesting to note that although the equity of Eurozone banks
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decreases during the reported period, the total equity of U.S. banks grows. We observe that, the total
equity of U.S. investment banks is the highest reported, while the total equity of Eurozone retail
banks is the lowest. The average total assets follow the same pattern and are presented in Figure 3.
The descriptive statistics of the total equity and total assets of our sample are presented in Table 3.
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Figure 1. The average total equity of Eurozone banks, the variables are measured

in thousands USD.
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Figure 2. The average total equity of Eurozone banks, the variables are measured

in thousands USD.
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Total Assets
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2013 2014 2015

Figure 3. The average total assets, the variables are measured in thousands USD.

A summary of the average of return on average assets (ROA) is depicted in the Figure 4 and the
descriptive statistics in the Table 3. We can observe that the R.O.A. estimates of Eurozone banks are
below the rule of thumb® (lower than 0.5%) and significantly weaker than those of U.S. banks
(about 1%). Our results are consistent with those of the Federal Reserve Bank, 2019 which record
that from 1990 until 2018 the R.O.A. ratio is about or above 1% in the majority of years. Our results
are also in line with the findings of Lakhani et al. (2019) who indicate that after the financial crisis
the European R.O.A. ratio has weakened, whereas there is an increase in the U.S. ratio.

¥ As per the rule of thumb a healthy banking institution tends to genereate 1%-2% R.O.A. (Golin and Delhaise, 2013).
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Table 3. Descriptive statistics, Eurozone banks of total equity, total assets & R.O.A.

Eurozone Banks

U.S. Banks

2013
Mean
Max
Min
Std
2014
Mean
Max
Min
Std
2015
Mean
Max
Min
Std

2013
Mean
Max
Min
Std
2014
Mean
Max
Min
Std
2015
Mean
Max
Min
Std

2013
Mean
Max
Min
Std

Total Equity
184,849.92
24,663,005.97
1,119.83
786,956.42

171,502.53
21,772,043.54
448.00
694,652.05

162,506.27
19,576,899.89
—4,168.63
635,060.40

Total Assets
3,094,596.43
1,104,704,582.34
10,574.94
24,140,453.79

2,810,587.40
935,879,734.16
12,731.06
20,926,954.15

2,667,900.73
1,101,730,707.05
10,363.34
23,278,570.68

Eurozone Retail Banks

Total Equity
126,808.33
24,663,005.97
1,119.83
732,241.90

119,717.87
21,772,043.54
448.00
680,185.71

113,329.67
19,576,899.89
—4,168.63
620,147.63

Eurozone Commercial Banks

Total Equity
159,110.44
24,663,005.97
1,119.83
874,741.98

Total Assets
1,708,872.03
258,807,949.56
10,574.94
9,355,713.82

1,551,022.81
222,943,896.83
12,731.06
8,145,411.70

1,430,407.57
186,285,093.23
12,547.27
7,242,779.42

Total Assets
2,797,471.70
1,104,704,582.34
11,772.00
27,157,372.25

ROA
0.32
16.91
—40.47
1.35

0.34
20.11
—21.74
1.10

0.33
23.01
—24.17
1.13

ROA
0.29
9.61
—40.47
1.17

0.35
10.33
-9.24
0.70

0.31
14.02
—10.08
0.77

ROA
0.33
16.81
—14.40
0.94

Total Equity
4,418,032.85
219,408,000.00
50,221.00
21,453,144.73

4,694,918.16
224,179,000.00
61,905.00
22,586,784.65

4,908,391.12
233,932,000.00
107,822.00
23,250,823.56

Total Equity
4,514,863.49
219,408,000.00
54,881.00
22,254,862.71

4,808,253.18
224,179,000.00
80,946.00
23,441,505.65

5,026,565.16
233,932,000.00
107,925.00
24,134,489.77

Total Assets
42,665,889.31
2,415,689,000.00
416,078.00
217,046,330.58

45,096,708.91
2,572,773,000.00
616,524.00
226,809,012.49

45,927,960.83
2,351,698,000.00
1,008,570.00
222,095,821.24

U.S. Retail Banks

Total Assets
43,162,193.96
2,415,689,000.00
548,872.00
223,947,176.03

45,788,646.18
2,572,773,000.00
616,524.00
234,649,029.49

46,643,101.35
2,351,698,000.00
1,198,541.00
229,656,718.38

U.S. Commercial Banks

Total Equity
4,839,669.43
219,408,000.00
50,221.00
22,883,541.64

Total Assets
47,004,672.95
2,415,689,000.00
416,078.00
231,670,188.81

ROA
1.08
11.66
-3.01
1.01

1.04
10.98
-1.26
0.89

1.04
12.49
—8.82
1.03

ROA
1.06
11.66
—2.75
0.88

1.03
10.98
-1.26
0.81

1.03
12.49
—8.82
0.98

ROA
1.05
10.31
—2.75
0.86
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Eurozone Commercial Banks

U.S. Commercial Banks

2014
Mean
Max
Min
Std
2015
Mean
Max
Min
Std

2013
Mean
Max
Min
Std
2014
Mean
Max
Min
Std
2015
Mean
Max
Min
Std

147,765.40
21,772,043.54
448.00
770,556.84

139,170.60
19,576,899.89
—4,168.63
703,919.34

Eurozone Investment Banks

Total Equity
150,582.21
24,663,005.97
1,137.76
1,036,321.47

137,362.31
21,772,043.54
448.00
916,197.34

127,526.03
19,576,899.89
1,004.87
821,059.03

2,543,138.58
935,879,734.16
12,731.06
23,506,795.29

2,451,859.70

1,101,730,707.05

12,547.27
26,242,439.95

Total Assets
2,159,846.12
258,807,949.56
16,481.62
12,797,904.76

1,943,548.51
222,943,896.83
13,443.74
11,169,726.89

1,780,089.82
186,285,093.23
10,363.34
9,932,257.31

0.36
11.00
—21.22
0.90

0.32
14.02
—24.17
1.02

ROA
0.41
9.61
—13.48
1.12

0.43
10.33
—21.74
1.21

0.43
14.02
—6.52
1.12

5,146,956.03
224,179,000.00
61,905.00
24,092,641.46

5,385,615.97
233,932,000.00
107,822.00
24,801,283.35

49,651,907.18
2,572,773,000.00
616,524.00
242,053,192.69

50,551,223.42
2,351,698,000.00
1,008,570.00
237,025,376.44

U.S. Investment Banks

Total Equity
6,506,115.45
219,408,000.00
54,881.00
28,071,975.00

6,900,234.12
224,179,000.00
101,958.00
29,556,838.73

7,193,303.49
233,932,000.00
112,041.00
30,420,848.15

Total Assets
64,777,851.91
2,415,689,000.00
795,998.00
285,230,550.48

68,161,178.72
2,572,773,000.00
1,054,865.00
297,976,468.52

68,532,831.21
2,351,698,000.00
1,338,207.00
291,386,506.56

1.02
10.05
—1.26
0.75

1.01
9.64
—8.82
0.92

ROA
1.02
11.66
-3.01
0.86

1.00
10.98
-1.26
0.76

1.03
12.49
—-3.82
0.95

Note: The variables are measured in thousands.
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Figure 4. Average of return on average assets (ROA).
5. Empirical results

In this section, we present the empirical results of our analysis. Initially, we compare the results
of the efficiency of Eurozone and U.S. banking institutions, which are measured by D.E.A. analysis.
Following the same pattern, bank capital (estimated by the value of total equity to total assets) and
risk results (measured by Z-score) are analyzed in the next sections of our analysis.

5.1. Efficiency
The efficiency estimates are examined by employing D.E.A. separately to the groups and
subgroups of our sample. Our results are derived from “rDEA” package version 4.47 in R software

developed by Simm and Besstremyannaya, 2016 are presented in the Figure 5 & 6 and the
descriptive statistics of the results are reported in Table 4.
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Figure 5. D.E.A. efficiency results for Eurozone banks.
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Figure 6. D.E.A. efficiency results for U.S. banks.
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Table 4. Descriptive statistics of D.E.A. results.

2013 2014 2015 2013 2014 2015
Eurozone Banks U.S. Banks
Min 0.000301 0.0000457 0.000113 0.002078 0.0037302 0.003967
1rst Qu. 0.050734 0.065771211 0.062705 0.069696 0.082880883 0.075811
Median 0.062219 0.07910878 0.07737 0.082363 0.096288185 0.087814
Mean 0.077281 0.098265293 0.095741 0.108619 0.118272164 0.109804
3rd Qu. 0.076893 0.095664184 0.095327 0.105124 0.114015914 0.10377
Max 1 1 1 1 1 1
Std 0.089929 0.10415732 0.102879 0.126393 0.118012392 0.12049
Eurozone Retail Banks U.S. Retail Banks
Min 0.001559 0.0000569 0.00013 0.002088 0.0047142 0.004563
1rst Qu. 0.061262 0.068915893 0.069907 0.072844 0.092563768 0.085947
Median 0.071717 0.083020769 0.087464 0.085109 0.107928946 0.100362
Mean 0.087447 0.099269469 0.10392 0.110108 0.131988429 0.124357
3rd Qu. 0.087309 0.101424551 0.108353 0.109732 0.130596068 0.123405
Max 1 1 1 1 1 1
Std 0.087723 0.091169913 0.096032 0.115484 0.117347717 0.118485
Eurozone Commercial Banks U.S. Commercial Banks
Min 0.000329 0.0000457 0.000145 0.002078 0.0037302 0.003967
1rst Qu. 0.060681 0.065479401 0.062403 0.070274 0.083360646 0.076796
Median 0.071432 0.078652207 0.076977 0.082727 0.096952178 0.087918
Mean 0.089867 0.098318127 0.096029 0.111569 0.120797001 0.112822
3rd Qu. 0.088312 0.095984523 0.095482 0.107233 0.114284367 0.105543
Max 1 1 1 1 1 1
Std 0.095375 0.103390684 0.102333 0.131107 0.118000868 0.124413
Eurozone Investment Banks U.S. Investment Banks
Min 0.001308 0.0018401 0.001422 0.002129 0.0050554 0.004783
1rst Qu. 0.086004 0.153967452 0.115211 0.230691 0.281693041 0.086536
Median 0.105279 0.181064269 0.134804 0.283042 0.346815924 0.10174
Mean 0.12168 0.189120069 0.147255 0.304099 0.362037726 0.121274
3rd Qu. 0.131191 0.202760382 0.152645 0.348412 0.422540089 0.125198
Max 1 1 1 1 1 1
Std 0.102324 0.110344939 0.110561 0.133234 0.137247442 0.105352

Our findings indicate that the average efficiency of the Eurozone banks as well as of the U.S.
banks, except for U.S. investment banks, increased during the reported period. This could be
attributed to the recovery that followed the financial crisis 2007-2009. It is important to notice that

in most cases the efficiency of U.S. banks is higher than 10% and higher than the efficiency of

Eurozone banks. This finding is in line with Christopoulos (2020) suggesting that the efficiency of

Eurozone banking is low during the reported period. This result associated with the different interest
rate policies implemented by central banks, the different levels of after-crisis regulatory flexibility

and the different speed of recovery for the two economies (Lakhani et al., 2019; McLannahan and
Arnold, 2017). The outcome is also linked with the after-crisis restructuring of the Eurozone banking
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system which was significantly lower than that of the U.S. Additionally, the Troubled Asset Relief
Program was signed in 2008 and U.S. banks were rapidly recapitalized after the crisis, whereas no
relative program was created in the Eurozone (Jenkins, 2015). Finally, a very important explanatory
factor could be that European banks have almost double non-performing loans ratios in comparison
to U.S. banks and the outcome is worse for the Eurozone since lItalian, Spanish, Irish and Greek
banks are those with the highest rates of bad loans (Binham and Noonan, 2015).

According to the figures 5 and 6, we notice that the average efficiency in the year 2013 is the
lowest recorded except for U.S. investment banks. We also witness the highest rate of efficiency is in
the year 2014. The decrease of efficiency is rather small for the general sample, whereas the efficiency
of investment banks decrease more sharply. The reduction in efficiency levels could be attributed to
both economic unions complying with the Basel 11l Accord during the period 2014-2015. Another
reason could be that during 2014-2015 the economy returned to normal growth rates in comparison
with the previous years, when growth rates were relatively high following the very low levels recorded
during the financial crisis (Jenkins and Arnold, 2015).

Our results suggest that investment banks are the most efficient type of banks with the largest
fluctuations among banking groups. The findings also convey that the efficiency of the U.S. investment
banks is, on average, enhanced compared to Eurozone banks, and this could be attributed to two main
reasons: i. capital markets and corporates in the United States are the biggest in the world, ii. the
market share for U.S. investment banks increases, whereas that of European investment banking
decreases during the reported period (Goodhart and Schoenmaker, 2016; Reboul et al., 2018).

Concerning commercial banks, the fluctuations of efficiency are the least among the types of
banks. Efficiency slightly increases during the reported period and reaches its peak in the year 2014.
Additionally, the efficiency levels of U.S. commercial banks are enhanced (about 20%) compared to
Eurozone commercial banks. This finding is in line with Weigand (2016) who provides evidence that
U.S. commercial banks are more efficient than the European during the period 2014-2015. A similar
pattern is observed for retail banks; the efficiency of U.S. retail banks is considerably higher than
that of Eurozone retail banks. What is interesting is that, Eurozone retail bank efficiency levels
continue to increase slightly but steadily during the reported period, whereas the efficiency of all the
other reported types of banks reaches its peak in 2014. This could be explained as Eurozone banks
focused on the retail bank activities after the financial crisis, because investment and corporate
activities are considered more risky (Kok et al., 2016). We also note that the gap between the
efficiency of retail banks and commercial banks increases during the year 2015 in both country
unions, with the efficiency of retail banks recording higher levels.

Moreover, the graph conveys that the general samples of Eurozone and U.S. banks are on
average the least efficient and that the efficiency of Eurozone general banks falls to the lowest level.
The efficiency levels of the Eurozone general sample in the year 2013 are almost the same as those
of commercial banks. This could be attributed to the fact that the greatest part of the general sample
mostly consists of commercial banks. Finally, the average efficiency of the Eurozone general sample
in 2013 is slightly under 8% being the lowest recorded.

5.2. Capital

Figure 7 presents the average capital ratio estimated by the value of total equity to total assets and
Table 5 the descriptive statistics. The findings indicate that the capital ratio of U.S. banks is
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considerably higher than that of Eurozone banks regardless of the type of bank. This could be
attributed to the fact that the capital ratio of U.S. banks is higher than the minimum capital regulations
suggest as it is formed by market discipline. To be more precise, the U.S. banks can attain capital by
equity or securitize debt more easily and at better prices if they have higher capital ratios because the
capital market is more developed in the U.S. than in the Eurozone and the securitization of the U.S. is
considerably more developed than the Eurozone’s as a source of funding (Lakhani et al., 2019,
European Central Bank, 2007)

During the reported period, the capital ratio of Eurozone banks steadily increases, while the
capital ratio of U.S. banks reaches its peak in 2014. U.S. regulatory easing (Reboul et al., 2018) and
new capital requirements in the Eurozone (Kok et al., 2016) might be other factors explaining this
outcome since the Eurozone regulations enforce investment banks to attain higher capital levels than
U.S. banks (Goodhart and Schoenmaker, 2016) and during the reported period Eurozone banks
decreased their lending in order to adapt to capital standards (Schildbach, 2017).

It is also interesting to mention that the capital ratios of the banks of the same sector and
different location have striking differences with each other. For instance, investment banks attain the
highest levels of capital in the Eurozone sample, whereas investment banks reach the lowest levels in
the U.S. sample. Moreover, the retail Eurozone bank sample indicates the lowest levels of capital
recorded, while the levels of U.S. retail banks are among the highest.

Capital

11.30 M Eurozone Banks

1110 W U.S. Banks

10.90 )
M Eurozone Retail Banks

10.70
| U.S. Retail Banks

10.50

M Eurozone Commercial

10.30 Banks

m U.S. Commercial Banks
10.10

Eurozone Investment
Banks

9.90

9.70 U.S. Investment Banks

2013 2014 2015

Figure 7. Average capital ratio.
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Table 5. Descriptive statistics capital & risk.

Capital Risk

2013 Eurozone Banks U.S. Banks Eurozone Banks U.S. Banks
Mean 10.01 11.22 1.91 2.45
Max 95.26 48.34 4.39 4.07
Min 0.06 5.05 -2.38 1.64
Std 6.93 3.53 0.49 0.26
2014
Mean 10.19 11.37 2.14 2.46
Max 97.32 41.40 4,54 3.93
Min 0.09 4.30 -3.24 1.50
Std 6.79 3.29 0.49 0.25
2015
Mean 10.40 11.23 2.13 2.44
Max 97.39 45.00 4.56 4.02
Min —4.32 4.15 -1.77 0.12
Std 6.91 3.31 0.49 0.27
2013 Eurozone Retail U.S. Retail Banks Eurozone Retail U.S. Retail

Banks Banks Banks
Mean 9.86 11.21 2.08 2.59
Max 75.17 48.34 4.15 4.22
Min 0.06 5.31 -2.23 1.85
Std 5.23 3.59 0.42 0.26
2014
Mean 10.03 11.37 2.61 2.70
Max 89.69 41.40 4,74 4.17
Min 0.09 4.30 -1.62 1.74
Std 5.06 3.32 0.42 0.25
2015
Mean 10.16 11.22 2.53 2.48
Max 81.33 45.00 4.66 4.07
Min —4.32 4.15 -1.39 0.16
Std 4.89 3.33 0.43 0.27
2013 Eurozone U.S. Commercial Banks Eurozone U.S. Commercial

Commercial Banks Commercial Banks Banks
Mean 10.16 11.18 2.30 2.62
Max 95.26 37.67 4.75 3.86
Min 0.06 5.05 -2.02 1.82
Std 6.58 3.21 0.48 0.25

Quantitative Finance and Economics

Continued on next page

Volume 4, Issue 1, 66-90.



84

Capital Risk

2014
Mean 10.33 11.36 2.37 2.78
Max 97.32 33.60 4.75 3.90
Min 0.09 4.30 -2.19 1.82
Std 6.41 3.09 0.47 0.24
2015
Mean 10.50 11.22 2.25 2.55
Max 97.39 33.46 4.66 3.69
Min —4.32 4.15 -1.67 0.23
Std 6.63 3.04 0.49 0.26
2013 Eurozone Investment U.S. Investment Banks Eurozone Investment U.S. Investment

Banks Banks Banks
Mean 10.19 11.02 2.14 2.61
Max 75.17 48.34 4.37 4.24
Min 0.06 5.05 -2.19 1.82
Std 6.11 3.20 0.47 0.23
2014
Mean 10.38 11.19 2.08 2.75
Max 89.69 41.40 4.24 4.23
Min 0.09 491 -3.34 1.92
Std 5.79 2.95 0.50 0.22
2015
Mean 10.61 11.10 2.18 2.51
Max 81.33 45.00 4.38 4.10
Min 0.34 5.45 -1.75 1.80
Std 6.25 3.08 0.47 0.22
5.3. Risk

Concerning the estimation of risk parameter, we measure insolvency risk by employing the
Z-score index. The average risk ratio of the groups and subgroups of our sample is illustrated in
Figure 8 and the descriptive statistics in Table 5.

Concerning insolvency risk, we notice that the risk ratio of U.S. banks is higher than that of
Eurozone banks. Surprisingly, an exception is the Eurozone retail bank group whose risk increases
sharply during 2013-2014 and in the year 2015 is at the same levels as U.S. banks. In the aftermath
of the global financial crisis, Eurozone banks focused on the retail bank domain in order to lessen the
risk levels that investment and corporate activities entail (Kok et al., 2016). This may explain both
the decreased levels of risk of Eurozone banks and the difference in the results for retail banks.
Additionally, we notice that the risk of the reported banking institutions reaches its peak during the
year 2014, with one exception that of Eurozone investment banks.

Moreover, we observe that U.S. commercial banks attain the highest levels of risk compared to
the other types of banks and the general sample. The risk ratio of investment banks is lower than that
of commercial banks which is an interesting finding compared to the levels of efficiency of
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investment banks. Finally, we find that the risk ratio of the general types of banks is, in most cases,
the lowest recorded and furthermore the results for retail banks are rather mixed.

As regards the capital requirements and the bank risk taking, the results are conflicting. We can
notice that new capital requirements in the Eurozone (Kok et al., 2016), resulted in a decrease in the risk
ratio of the reported sample. This outcome is in line with Ashraf et al. (2016) and Teixeira et al. (2019).
However, U.S. regulatory easing Reboul et al. (2018) did not cause an increase in bank risk ratios during
the reported period and this outcome concurs with Lin et al. (2019). A possible explanation of the
controversy in the results could be that there is a U-shaped relationship between capital and risk,
regulatory pressure leads to reduced solvency at a banks’ initial stage Zheng et al. (2017).

Risk
2.90
== Eyrozone Banks
2.70 /\
/ \ e .S, Banks
250 — “ === EJrozone Retail Banks
/P\ === J.S. Retail Banks
2.30 - ~
/ === EUrozone Commercial
Banks
2.10 - - s .
/ === |).S. Commercial Banks
1.90 Eurozone Investment
Banks
U.S. Investment Banks
1.70
2013 2014 2015

Figure 8. Average risk ratio.
6. Discussion

In this study, we examine the development of bank risk, capital and efficiency of the Eurozone
and the United States after the global financial crisis. Our sample consists of aggregate balance sheet
and income statement data of a large data set of banking institutions during the period 2013-2015.
Concerning the methodology, we estimate bank efficiency by applying the input-oriented C.C.R.
model of Data Envelopment Analysis developed by Charnes et al. (1978). We estimate bank capital
by employing the ratio of the value of total equity to total assets and the Z-score is used as an
indicator of bank risk.

Initially, we estimated the efficiency and the findings convey that the efficiency level of the
Eurozone banks is considerably lower than that of the U.S. banks. Moreover, the efficiency levels on
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average increase during the reported period while thy reach their peak in the year 2014. Concerning
the banking sectors, the more efficient banks of our sample are the investment banks which are also
those with the more fluctuations on the efficiency results. The second most efficient category is the
retail and the least efficient is the commercial banking sector, with the gap between those two
increasing during the year 2015.

Secondly, concerning capitalization, our findings indicate that the capital ratios of the banks of
the same sector and different location have striking differences with each other. The results also
indicate that the capital ratio of U.S. banks is significantly higher than that of Eurozone banks
regardless of the type of bank. As for the risk ratio, the U.S. banks record higher level of risk than
the Eurozone banks. Surprisingly, the risk ratio of investment banks is lower than that of commercial
banks while the level of efficiency of investment banks is the highest.

Our study contributes to the existing literature in multiple ways. Initially, the research with data
from 2013 and onwards in the field of bank capital, risk and efficiency is very limited. Moreover, to
the extent of our knowledge, our study is the first to compare the capital, risk and efficiency of U.S.
and the Eurozone banking systems and also to separately examine the results per bank type
((investment, retail and commercial banks).

Overall, we witness great discrepancies between the two banking groups and among the
different sectors of banks in terms of capital, risk as well as efficiency. Therefore, our findings
indicate the importance of the assessment of the interrelationship among capital, risk and efficiency
of banking institutions. The sign of the relationship, the direction of the causality and the
determinants of those three parameters and could instigate further research that resolves those issues.
Additionally, the comparison of U.S. and Eurozone banking systems after the financial crisis and the
speed of recovery after the financial crisis is a topic that could be further investigated. Finally, our
approach could be enriched with the estimation of with other D.E.A. methodologies (for example the
two-stage semi-parametric double bootstrap DEA method of Simar and Wilson (2007) and by the
investigation of a sample covering more years after the financial crisis.

Apart from the contribution to the empirical research, our results are important from a bank
prudential supervisory perspective. Our findings indicate great discrepancies of capital, risk and
efficiency among different banking sectors and banking systems with different characteristics. Thus,
regulators should consider the banking sector and the location of the banking institutions when
implementing regulations concerning the financial stability.
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