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The efficiency of banks is highly relevant for financial stability, in particular in the current low-interest rate
environment. The literature has traditionally used accounting indicators to assess banks’ cost efficiency and
productivity. In this note, we present the results of an industrial organisation approach-based analysis,
quantifying Total Factor Productivity (TFP) growth for euro area banks and decomposing it into its main
driving factors. In addition, we disentangle permanent and time-varying inefficiency in the banking sector.
We focus on 17 euro area countries over the period 2006 to 2017 and find that cost efficiency in the euro area
banking sector amounted to around 84% on average over the 2006 to 2017 period relative to the efficiency
frontier. In addition, we observe that TFP growth for the median euro area bank decreased from around 2%
in 2007 to around 1% in 2017 and that the differences between countries tend to be relatively small. These
findings suggest that banks should intensify their efforts in areas such as rationalisation of branches,
digitalisation of business processes and possibly mergers and acquisitions. In addition, banks should look
beyond traditional cost cutting measures to reverse the trend decline in banking sector productivity.

1 This note is based on Huljak, I., Martin, R. and Moccero, D. (2019), The cost-efficiency and productivity growth of
euro area banks, ECB Working Paper No 2305, August 2019.

2 Ivan Huljak is Principal Advisor at the Croatian National Bank, Reiner Martin is Lead Economist at the Joint Vienna
Institute and Diego Moccero is Principal Financial Stability Expert at the European Central Bank. The views expressed
here are those of the authors and do not necessarily reflect those of their respective institutions.
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Introduction

The efficiency of the euro area banking sector is very important for financial stability. Given that banks are the
largest providers of credit to companies and households in the euro area, an efficient banking sector is important
to ensure low lending rates and high lending volumes. In addition, a more efficient banking sector should
improve the transmission of monetary policies (Jonas and King, 2008). Moreover, banks that are more efficient
are expected to be more profitable, better capitalised and more resilient to shocks. In recent years, however,
weak profitability and overcapacity have become important challenges for euro area bank, in particular given the
current low-interest rate environment.3

The literature has traditionally used accounting indicators to proxy efficiency in the banking sector, such as the
average cost (AC) of a bank and the cost to income ratio (CIR). While these indicators are easy to compute, they
are in fact ill equipped to capture efficiency in the banking sector. The AC is strongly dependent on the business
model of the institutions and their size. It also depends on various country specific factors, which are outside the
control of bank management. The CIR is simultaneously determined by several bank and country-specific aspects
(such as bank productivity, efficiency, etc.). Moreover, income is affected by credit risk (at least indirectly).

In light of these shortcomings, we use an industrial organisation approach to compute Total Factor Productivity
(TFP) growth in the euro area banking sector over the period from 2006 to 2017, decomposing TFP into its main
driving factors. There is a relatively large literature estimating cost functions in Europe and abroad based on
frontier analysis. Boucinha et al. (2013) use a cost function to estimate TFP in the Portuguese banking system
between 1992 and 2006 and find that technological progress and scale economies shifted the cost frontier
downwards throughout their period, whereas efficiency remained unchanged. Tanna et al. (2017) find a positive
net impact of financial liberalisation on banks’ TFP across 88 countries over the period from 1999 to 2011. Nitoi
and Spulbar (2015) find that banks in six Central and East European Countries increased efficiency between 2005
and 2008 but efficiency either stagnated or declined thereafter. Other studies link inefficiency estimates to other
banking variables. For example, Altunbas et al. (2007) and Fiordelisi et al. (2011) assess the inter-temporal
relationship between bank efficiency, capital and risk over the periods 1992-2000 and 1995-2007, respectively.
The two papers find opposite results regarding the relationship among these variables.

An important common caveat of these studies is the assumption that all inefficiency in the banking sector is time
varying. They do not distinguish between persistent and time-varying inefficiency and do not control for
unobserved, bank-specific effects. By contrast, to the best of our knowledge, our analysis is the first that
disentangles permanent and time-varying inefficiency in the euro area banking sector.* We expect permanent
inefficiency to play a very important role in the banking sector, as the banking industry is characterised by large
sunk costs. At the same time, we expect technological progress to be the largest contributor, as traditionally
found in the literature.

3 See e.g. Andreeva et al. (2019)

4 The methodology we use was developed by Kumbhakar et al. (2014). Badunenko and Kumbhakar (2017) use it to
disentangle persistent and time-varying inefficiency in the Indian banking sector. Fungacova et al. (2020) use the
approach to investigate efficiency in big Chinese banks.
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Estimating TFP growth for euro area banks

Total Factor Productivity (TFP) growth can be split into four main components:

- Technical efficiency (TEC) measures the relative ability of a bank to convert inputs (financial capital,
labour and fixed assets) into outputs (loans and investments), while minimising costs.5> The most
efficient (best practice) bank is the one that has the lowest cost while generating a given amount of
output, for given input prices;

- Technological progress (TPROG) captures the decline (or increase) in total costs over time, for a
given amount of output and input prices;

- The scale effect (SCALE), captures the importance of operating at the optimal scale (Kumbhakar et al,,
2014); and

- The equity effect (EQUITY), captures the impact of the shadow cost of equity and changes in the
equity ratio on TFP growth.

We compute the four components of TFP growth using stochastic frontier analysis (SFA). The assumption behind
this methodology is that the distance from the frontier is not entirely under the influence of the bank due to the
random error and the functional form of the cost function.

In addition, we apply the generalized true random-effects (GTRE) model proposed by Kumbhakar et al. (2014), to
decompose the error term of the stochastic cost function into:®

- Short-term (time-varying) inefficiency;
- Persistent (time-invariant) inefficiency;
- A bank-specific effect, capturing heterogeneity across banks; and

- A pure random component.

Our dataset consists of a panel of 2.062 commercial, cooperative and savings banks for the period 2006-2017
gathered from BankFocus (see Table 1). Commercial banks are mainly active in retail, wholesale and private
banking (i.e., universal banks). Savings and cooperative banks are mainly active in retail banking (with the latter
having a cooperative ownership structure).” More than half of the banks in our sample are located in Germany.
The reason is that Germany has a large system of cooperative and savings banks. Other countries with a relatively
large presence in the sample are Italy (large number of cooperative banks) and Austria (savings banks). Most
banks in the sample are cooperative and savings banks.

5 See Baltagi and Griffin (1988) and Kumbhakar and Heshmati (1996).

6 See Greene (2005). Given the limitations of our bank sample and the degree of banking integration in the euro area,
we decided to estimate a common frontier for all euro area banks rather than country-specific frontiers. We also
estimated a common frontier across different types of banks to allow efficiency comparisons relative to the best
practice in the entire sector, following also Altunbas et al. (2007).

7We applied certain rules to remove institutions with unreliable or low quality data, or banks that might have been
misclassified. See Huljak, I., Martin, R. and Moccero, D. (2019) for details.
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Table 1. Minimum and maximum number of banks per country and business model
during the period 2006-2017

Specialisation

Commercial Cooperative Savings

Countries banks banks banks All banks
Austria 13/20 32/56 43/74 88/150
Belgium 6/11 2/4 1/3 9/18
Cyprus 1/9 1/2 1/1 3/12
Estonia 1/1 0/0 0/0 1/1
Finland 2/13 1/3 1/8 4/24
France 41/51 39/61 5/11 85/123
Germany 23/44 555/656 343/425 921/1125
Greece 2/5 1/1 0/0 3/6
Ireland 1/5 0/0 0/0 1/5
Italy 30/38 237/314 13/22 280/374
Luxembourg 3/13 1/7 1/1 5/21
Malta 2/5 0/0 0/0 2/5
Netherlands 3/13 1/1 1/1 5/15
Portugal 2/7 1/4 1/74 4/85
Slovakia 3/7 0/0 1/2 4/9
Slovenia 5/9 2/2 1/1 8/12
Spain 7/19 8/47 3/11 18/77
Total EA 145/270 881/1158 415/634 1441/2062

Source: Author’s calculations based on BankFocus.

Commercial banks are, on average, the largest institutions in the sample with the largest share of loans to total
assets, while the share of other earning assets is broadly comparable across banks. Cooperative and savings
banks are relatively more dependent on customer deposits, while commercial banks have a somewhat more
diversified funding structure. Commercial banks tend to have higher average costs and staff costs than
cooperative and savings banks, as they tend to offer a wider range of products to a broader range of customers,
often also in foreign countries.8

Regarding the distinction between bank outputs and inputs, we adopt the accounting balance-sheet approach of
Sealey and Lindley (1977) and treat liabilities as inputs and assets as outputs. In particular, we view banks as
firms that use labour, fixed assets and financial capital to produce loans and other earning assets. The
specification of output and input prices is similar to most previous studies on banking sector productivity (see
e.g. Hughes and Mester 2008, and Fiordelisi et al. 2011). We compute the price of labour as labour expenses over
the number of employees. For the price of fixed assets, we use the ratio of other (non-labour) administrative
costs to fixed assets. We compute the price of funds as the ratio between interest expenses and total liabilities
and total costs, our dependent variable, as the sum of these three components. Finally, we use equity to total

assets as a quasi-fixed input to control for differences in risk preferences.?

8 For more details and descriptive statistics on the sample, see Huljak, I., Martin, R. and Moccero, D. (2019).

9 For descriptive statistics about the variables included in the model, see Huljak, 1., Martin, R. and Moccero, D. (2019).
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Empirical results

We first present the results of the frontier-based technical efficiency analysis for the euro area banking sector
before turning to technological progress over time.

The level of overall bank efficiency, computed as the product between persistent and time variant efficiency for
the euro area banking sector was around 84% over the period from 2006 to 2017 (see Table 2). In other words,
if the median bank would operate on the efficiency frontier, it could produce the same level of output with only
around 84% of current costs.10 On average, across all banks, persistent (time invariant) efficiency amounted to
about 88.2% while residual (time variant) efficiency amounted to about 95.4% during the period 2006 to 2017.
Structural long-term factors (such as location, client structure, macroeconomic environment, regulation, etc.)
thus seem to play a bigger role for bank efficiency than factors that change over time. Looking across different
types of banks, there seems to be little difference within residual efficiency, while the differences are larger for
persistent efficiency. In particular, cooperative and savings banks appear more efficient than commercial banks.

Table 2. Efficiency per bank specialisation
(median for all banks and each category)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Persistent efficiency

Commercial 84.1% 83.8% 83.6% 83.5% 83.8% 83.5% 84.1% 84.3% 84.0% 83.9% 84.3% 84.0%

Cooperative 89.5% 89.5% 89.5% 89.6% 89.5% 89.5% 89.5% 89.5% 89.5% 89.1% 89.5% 89.4%

Savings 85.6% 85.8% 85.8% 85.8% 86.0% 86.1% 86.2% 86.1% 86.1% 86.0% 86.1% 86.0%
All banks 88.3% 88.3% 88.3% 88.3% 88.3% 88.3% 88.3% 88.3% 88.3% 87.9% 88.2% 88.1%
Residual efficiency

Commercial 96.2% 96.1% 95.7% 95.5% 95.9% 95.7% 95.2% 95.4% 95.4% 95.4% 94.8% 94.5%

Cooperative 95.2% 95.4% 95.3% 95.2% 95.2% 95.2% 95.5% 95.4% 95.5% 95.3% 95.7% 96.4%

Savings 95.8% 95.3% 95.3% 95.0% 95.4% 95.7% 95.8% 95.7% 95.6% 95.6% 94.1% 95.4%
All banks 95.4% 95.4% 95.3% 95.1% 95.3% 95.4% 95.6% 95.5% 95.5% 95.4% 95.2% 95.9%
Overall efficiency

Commercial 79.8% 80.1% 79.5% 79.5% 80.3% 79.7% 79.9% 79.7% 80.2% 79.8% 79.8% 79.4%

Cooperative 84.8% 85.1% 85.1% 84.9% 84.9% 85.1% 85.2% 85.2% 85.2% 84.5% 85.1% 85.6%

Savings 81.7% 81.5% 81.6% 81.1% 81.9% 82.4% 82.8% 82.4% 82.2% 81.8% 80.3% 81.2%
All banks 83.7% 83.9% 83.9% 83.8% 83.9% 84.1% 84.2% 84.0% 84.1% 83.5% 83.4% 83.8%

Note: For details regarding the computation of the relative distance to the frontier, see Huljak, I, Martin, R. and
Moccero, D. (2019). Source: Author’s calculations based on BankFocus data.

Looking at the evolution of efficiency across bank size, measured by the respective market share in the country of
origin, larger institutions tend to display lower overall efficiency scores. In 2017, the overall efficiency score for
banks above the 75th percentile was around 5.5 percentage points lower than for those below the 25th
percentile.1l This difference, which after a period of convergence, widened again more recently, seems to be
mainly the result of differences in persistent efficiency. One reason that could explain why larger institutions are

10 These findings are in line with those for US commercial banks (Feng and Serletis, 2009), Portuguese banks
(Boucinha et al., 2013), German banks (Altunbas et al., 2001) and a sample of European banks (Maudos et al., 2002).
By contrast, Fiordelisi et al. (2011) find much lower efficiency scores for European commercial banks over the period
1995-2007.

11 Feng and Serletis (2009), looking at a sample of US banks, also find that the largest commercial banks are less
efficient than smaller banks.
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less efficient is that they are more difficult to manage, as they deploy a more sophisticated business model.
Residual (time invariant) efficiency seems to be broadly unrelated to size, suggesting that lower efficiency of
larger institutions is a structural rather than a time-varying phenomenon.12

The evolution of TFP growth in the euro area banking sector is estimated by aggregating the four TFP
components of TFP introduced above, namely Technical efficiency, Technological progress, the scale effect and
the Equity effect. Results reported in Figure 1 suggest that TFP growth of the median euro area bank was about
1.7% per year (on average) over the period between 2007 and 2017. However, TFP growth gradually decreased
during this period, from above 2% in 2007 to below 1% in 2017.

Figure 1. Total factor productivity growth and components (median)

w= TFPG W Technical efficiency change
Scale effect B Equity effect
B Technical change

4.0%
3.0%
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1.0%

0.0%
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Source: Author’s calculations based on BankFocus data.

The largest component of TFP growth is technological progress and the contribution of this component remained
rather stable during the last ten years, at around 2.5%. Technical efficiency change is the second largest
component but unlike technological progress, it exerts an increasingly negative impact on TFP. The scale effect
contributed positively to TFP growth in the euro area banking sector, although to a lesser degree over time. The
equity effect played a small positive role for some years but has become largely insignificant after 2013. Overall,
these results suggest that TFP growth in the euro area banking sector has gradually decreased over the last
decade.

Looking at developments across those euro area countries with the largest number of banks (Austria, Germany,
Spain, France and Italy), the differences between overall bank efficiency levels as well as differences in the
changes in bank efficiency levels between 2006-2011 and 2012-2017 are relatively limited. TFP growth
differences across countries are also relatively minor, with TFP growth decreasing over time in all five countries.

12 For more details, see Huljak, 1., Martin, R. and Moccero, D. (2019).
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Figure 2. Efficiency and TFP growth across selected euro area countries (median)
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Source: Author’s calculations based on BankFocus data.

Note: The majority of euro area G-SIBs come from these five countries, which also
have the highest country-specific efficiency and productivity scores.

Conclusions

The main findings of the paper are as follows. Overall cost efficiency for the median euro area bank amounted to
around 84% on average over the period from 2006 to 2017. In other words, if the median bank would operate on
the technical efficiency frontier, it could produce the same level of output with 84% of the current costs. These
results are in line with other recent research in this field.

Our estimates show somewhat smaller differences across countries regarding bank efficiency than some other
research in this field. The largest part of bank inefficiency in the euro area stems from persistent inefficiency,
which suggests that structural long-term factors (such as location, client structure, macroeconomic environment,
regulation, etc.) play a bigger role for bank inefficiency than time-specific factors. Therefore, structural policies
aimed at improving persistent efficiency of the euro area banking sector should be considered.

We observe that TFP growth in the euro area banking sector decreased over the last decade from above 2% in
2007 to below 1% in 2017. This is mainly due to the increasingly negative impact of Technical efficiency change
and the declining positive impact of the scale and equity effects. Overall, the trend decline in euro area banking
TFP growth is undesirable, given the need to boost the profitability of euro area banks in times of stricter
regulatory requirements and a protracted low-interest environment.

Our findings suggest that banks should enhance their efforts in areas such as branch rationalisation, digitalisation
of business processes and possibly mergers and acquisitions. However, such cost cutting activities usually require
substantial investments upfront and it might take some time until they bear fruits. In addition, our findings
suggests that the magnitude of the challenge to reverse the decreasing productivity of the euro area banking
industry may have been underestimated so far and that banks should look beyond traditional cost cutting
measures to reverse the trend decline in banking sector productivity.
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