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Abstract This paper explores the issue of banking efficiency in Central Europe by applying the 
Fourier functional form and the stochastic cost frontier approach in calculating inefficiencies for 
a large sample of German, Austrian, Swiss and Luxembourg banks between 1997 and 2003. The 
findings suggest that the largest sized banks are generally the least efficient banks and the 
smallest sized banks are the most efficient. The strongest economies of scale are displayed by 
German banks, while the weakest economies of scale are reported by Swiss banks. The findings 
suggest that the smallest and medium sized banks report the strongest economies of scale and the 
largest banks weaker economies of scale (ranging between 1.2% and 6.5%) and therefore the 
notion that economies of scale increase with bank size cannot be confirmed. The impact of 
technical change in reducing bank costs (generally about 3.5% and 4.7% per annum) appears to 
be systematically increasing with bank size. The largest banks are reaping the greater benefits 
from technical change. Overall, the results indicate that the largest banks in our sample enjoy 
greater benefits from technical progress, although they do not have scale economy and efficiency 
advantages over smaller banks. 
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1. Introduction 
 
The efficient-structure hypothesis suggests that banks that are able to operate more efficiently 
than their competitors, incur lower costs and achieve higher profits and increased market shares 
that may result in increased concentration. Therefore, according to this hypothesis, efficiency is 
the factor that positively influences both market shares and bank profits. This hypothesis is 
usually referred to as the X-efficiency hypothesis in order to distinguish it from the scale-
efficiency hypothesis. The scale-efficiency hypothesis assumes that banks are equally X-efficient 
(the differences in the quality of management and in production technologies are negligible), but 
some banks simply operate at a greater efficient scale than others and therefore, these banks are 
assumed to enjoy higher profits and increased market shares. 
 
The aim of this paper will be to calculate the cost characteristics of banking markets by applying 
the flexible Fourier functional form and stochastic cost frontier methodologies to estimate scale 
economies, X-inefficiencies and technical change for a large number of German, Austrian, Swiss 
and Luxembourg banks between 1997 and 2003. The results suggest that there exist both scale 
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economies and X-inefficiencies with the latter being considerably greater (confirming 
previous studies’ findings) indicating that Central European banks can significantly reduce their 
costs and increase their profits by eliminating X-inefficiencies. The impact of technical progress 
in reducing bank costs does not appear to differ according to bank size and ranges between 3.5 
and 4.7%, that is technical progress seems to be reducing bank costs by 3.5 to 4.7% per annum 
between 1997 and 2003. Section 2 presents a literature review of recent approaches to measuring 
X-efficiency in banking markets. Section 3 puts forward the methodology. Section 4 analyses 
our empirical results and some concluding comments are offered in Section 5. 
 
 
2. The Measurement of X-Efficiency in Banking Markets 
 
Recent studies of the U.S banking market (Berger et al., 1993, Kaparakis et al., 1994, Mester 
1996, Mitchell et al., 1996), suggest that there exist significant X-inefficiencies over all bank 
sizes and banks can considerably reduce their costs by eliminating them. They also present 
evidence pointing to the existence of both scale and scope economies of significantly smaller 
importance. Studies that have used the stochastic cost frontier approach include Berger and 
Humphrey (l99l), Mester (1993, 1996), Cebenoyan et al. (1993), Elyasiani and Mehdian (1990a), 
Altunbas et al (1994, 1995, 1996), Drake and Weyman-Jones (1992) and Berger et al. (1993) 
while studies that have used the DEA approach include Sherman and Gold (1985), Parkan 
(1987), Vassiloglou and Giolis (1990), Field (1990), Drake (1992), Elyasiani and Mehdian 
(1990b) and Berg et al. (1993). 
 
Berger and Humphrey (1991) measured inefficiencies in U.S banking for 1984 using the thick 
frontier version of the stochastic cost frontier approach. Their results seem to suggest that there 
are significant inefficiencies in the banking system which are operational (stemming from 
overusing physical inputs) rather than scale or scope inefficiencies. The operational 
inefficiencies reached 20 to 25 percent compared with 4.2 to 12.7 percent for scale inefficiencies. 
Based on these findings, Berger and Humphrey argued that banks would face substantial 
pressure to cut their costs following the moves to deregulate the banking market. Alternatively, 
banks would have to merge with more efficient institutions or exit the market if they could not 
compete in an ever increasing competitive environment. 
 
Mester (1993) employed the stochastic cost frontier approach to investigate efficiency in 
American mutual and stock Savings and Loans (S&L's) institutions in 1991. The empirical 
findings suggested that, on average, stock S&L's are less efficient (based on different measures 
of inefficiency) than mutual S&L's. The study also found that capital to assets ratios are 
positively related with efficiency in both mutual and stock S&L's and the more the S&L' rely on 
uninsured deposits the less efficient they are likely to be. In a similar study, Mester (1994) used 
the same methodology to study the efficiency of commercial U.S banks operating in the Third 
Federal Reserve District (parts of Pennsylvania and New Jersey, Delaware) for 1992. The author 
found significant X-inefficiencies ranging from 6 to 9 percent, although scale and scope 
inefficiencies were not observed. The X-inefficiency result means that an average bank can 
reduce its production costs by between 6 to 9 percent if it uses its inputs as efficiently as possible 
(given its particular output level and output mix). 
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Cebenoyan et al. (1993) estimated inefficiency scores for 559 S&L's operating in the Atlanta 
Federal Home Loan Bank District in 1988, also using the stochastic cost frontier methodology. 
Their reported results seem to indicate that stock and mutual S&L's had very similar cost 
structures (in contradiction to Mester’s findings) and therefore operating efficiency was not 
related to form of ownership (stock and mutual S&L's). Moreover, the authors observed that the 
mean inefficiency score was 16 percent, which means that the average S&L can produce its 
output by using only 84 percent of the amount of inputs actually used. 
 
In their first study Altunbas et al. (1995) evaluated inefficiencies for the German banking market, 
while in their later study (1996) examined the Italian credit cooperative banking sector. The 
methodology used in both studies was the stochastic cost frontier approach. Altunbas et al. 
(1995) distinguished between five categories of German banks: private commercial banks, public 
savings banks, mutual cooperative banks, central organizations and mortgage banks. Their 
results indicated that the mean inefficiency score for all banks was 24 percent suggesting that 
German banks could produce the same output with 76 percent of their inputs if they were 
operating efficiently. They also found that mortgage banks and central organizations were less 
efficient than the other categories of banks, whereas different ownership characteristics did not 
seem to have a significant impact on the absolute level of bank inefficiencies in the German 
market 
 
Altunbas et al. (1996) analyzed the Italian credit cooperative banking sector between 1990 and 
1992. Their findings suggested that the mean inefficiency score for 1990 was 13.1 percent, but 
these scores appear to be higher for 1991 and 1992. Moreover, the authors found that banks 
operating in me North-East Central region of Italy (Veneto and Emilia) were significantly less 
efficient than banks operating in the North-West and North-East border regions and in the South. 
Altunbas et al. (2001) extended the established literature by modelling the cost characteristics of 
banking markets by applying the flexible Fourier functional form and stochastic cost frontier 
methodologies (methodology we adopt in this study) to estimate scale economies, X-
inefficiencies and technical change for a large sample of European banks between 1989 and 
1997. The results reveal that scale economies are widespread for smallest banks (are found to 
range between 5% and 7%), while X-inefficiency measures appear to be much larger, between 
20% and 25%. X-inefficiencies also appear to vary to a greater extent across different markets, 
bank sizes and over time. This suggests that banks of all sizes can obtain greater cost savings 
through reducing managerial and other inefficiencies. Their findings also indicated that technical 
progress has had a similar influence across European banking markets between 1989 and 1997, 
reducing total costs by around 3% per annum. 
 
Drake and Weyman-Jones (1992) used both the DEA and stochastic cost frontier approaches to 
compare the efficiency of the U.K. building societies. Their results of the DEA analysis showed 
that British building societies had a mean inefficiency score of 12.5 percent Overall efficiency 
was partitioned into two components: technical efficiency and allocative efficiency and it was 
found that allocative efficiency accounted for most of the overall efficiency index. Drake and 
Weyman-Jones argued that their findings suggested that most of the inefficiency that was 
associated with the U.K building society sector was attributable to a less than optimal allocation 
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of inputs rather than to the inefficient use of these inputs. Furthermore, the findings of 
the stochastic cost frontier analysis confirmed their DEA results and, moreover, showed that 
productive inefficiency scores were very low. 
 
Berger et al. (1993b) used a stochastic cost frontier approach and found that larger banks were on 
average substantially more X-efficient than smaller banks and suggested that this finding may 
offset some of the diseconomies of scale that are found to be characterizing larger banks in many 
cost studies.  
 
Girardone et al. (2004) investigated Italian banks' cost efficiency over the period 1993-1996, by 
employing a Fourier-flexible stochastic cost frontier in order to measure X-efficiencies and 
economies of scale. The results showed that mean X-inefficiencies ranged between 13 and 15 per 
cent of total costs and they tended to decrease over time for all bank sizes. Economies of scale 
appeared to be present and significant, being especially high for popular and credit co-operative 
banks. Moreover, the inclusion of risk and output quality variables in the cost function seemed to 
reduce the significance of the scale economy estimates. The results also suggested that the most 
efficient and profitable institutions were more able to control all aspects of costs, especially 
labour costs. Inefficiencies were found to be inversely correlated with capital strength and 
positively related to the level of non-performing loans.  
 
Weill (2004) in his paper measured the cost efficiency of banks from five European countries 
(France, Germany, Italy, Spain, Switzerland) with three approaches: stochastic frontier approach, 
distribution-free approach, and data envelopment analysis. In general, he observed some 
correlation between all frontier approaches and standard measures of performance and concluded 
in favor of the lack of robustness between approaches, although there were some similarities in 
particular between parametric approaches.  
 
Bos and Kolari (2005) in their study compared the efficiency of European and U. S banks and 
found that large U.S. banks have higher average profit efficiency than European banks and thus, 
concluded that potential efficiency gains are possible via geographic expansion of large 
European and U.S. banks.  
 
Casu and Girardone (2006) in their approach tried to investigate the impact of increased 
consolidation on the competitive conditions of the EU banking markets by employing both 
structural and non-structural (Panzar-Rosse statistic) concentration measures. Their results seem 
to suggest that the degree of concentration is not necessarily related to the degree of competition; 
the relationship between competition and efficiency is not a straightforward one: increased 
competition has forced banks to become more efficient but increased efficiency does not appear 
to be fostering more competition.  
 
Pastor and Serrano (2005, 2006) analyzed the effects of specialization on the cost efficiencies of 
a large sample of European banks between 1992 and 1998. They decomposed cost inefficiencies 
into two different components: the first component was related to the inefficiency associated 
with the composition of specializations in each banking system and the second was related to 
specific inefficiencies of banks within their specialization. The results suggested that there 
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existed high cost inefficiencies, however, the intra-specialization inefficiencies 
indicated that the inefficiencies of the European banking systems are much smaller when the 
effect of productive specialization (composition) is discounted. In their earlier study the authors 
analyzed the efficiency and the credit risk of European banks by using a one-stage parametric 
stochastic procedure to determine whether the behavior towards risk of the banks analyzed was 
more cautious or more reckless during the period analyzed. The results indicated that 
adjustments for risk were important in the case of profit efficiency but not in the case of cost 
efficiency. 
 
Rangan (1988) and Elyasiani and Mehdian (1990a) tried to break down banking inefficiencies 
into two distinct groups; pure technical inefficiencies and scale inefficiencies. Rangan (1988) 
analyzed the cost structures of 215 U.S banks and found that the average measure of inefficiency 
(almost all of which is attributed to pure technical inefficiency) was 30 percent, which means 
that banking output could be produced with only 70 percent of the inputs. Elyasiani and Mehdian 
(1990a) used a sample of 144 U.S banks and estimated that scale inefficiencies reached a very 
significant value of 38.9 percent, while pure technical inefficiencies were measured at only 11.7 
percent, thus attributing vital importance to scale inefficiencies in contrast to Rangan's findings.  
Casu and Molyneux (2003) evaluated the determinants of European bank efficiency by using the 
Tobit regression model approach and bank-specific efficiency measures derived from DEA 
estimation, To overcome the dependency problem, they used a bootstrapping technique. Overall, 
the results suggested that since the EU's Single Market Programme there had been a small 
improvement in bank efficiency levels, although there was little evidence to suggest that these 
levels were converging. The results also suggested that inference on the determinants of bank 
efficiency drawn from non-bootstrapped regression analysis may be biased and misleading. 
 
Hauner (2005) used the DEA approach to estimate cost-efficiency, scale efficiency, and 
productivity change for a sample of large German and Austrian banks. State-owned banks were 
found to be more cost-efficient and cooperative banks appeared to be (approximately) as cost-
efficient as private banks. The results indicated the existence of increasing economies of scale 
but decreasing economies of scope and the authors conclude that this finding provides rationale 
for M&As among banks with similar product portfolios.  
 
Two other studies undertaken by Field (1990) and Drake et al. (1992) applied the DEA 
methodology to the building societies sector in the U.K. Field (1990) examined 71 building 
societies in 1981 and concluded that 61 of them were operating inefficiently primarily due to 
scale inefficiencies confirming Elyasiani and Mehdian's (1990a) result. Moreover, Field showed 
that the overall technical efficiency of banks was negatively related with bank size, in contrast to 
the findings of most U.S studies that seem to indicate that technical efficiency is actually 
positively associated with bank size. Drake et al. (1992) found that 63 percent of the building 
societies included in his sample were inefficient (compared with 86 percent in Field's study) and 
overall efficiency appeared to be positively related with bank size (contradicting Field's result). 
 
Overall, U.S studies that used the stochastic cost frontier methodology to estimate inefficiency, 
have generally found average banking inefficiency to be around 20-25 percent. On the other 
hand, U.S studies that used the DEA methodology have reported findings ranging from around 
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10 percent to more than 50 percent and these findings are in line with the European 
stochastic cost frontier studies that generally tend to report low inefficiency scores (between 10 
and 20 percent). 
 
 
3. The Methodology 
 
The stochastic cost frontier approach is used in this paper to calculate inefficiency scores for all 
the banks included in our sample. The stochastic cost frontier approach assumes that a firm's 
observed cost deviates from the cost frontier because of a random error and possible inefficiency. 
The cost function that will be estimated adopts the flexible Fourier functional form (following 
Altunbas et al., 2001) including a standard translog and all first-, second- and third-order 
trigonometric terms, as well as a two-component error structure and is estimated using a 
maximum likelihood procedure. The translog cost function is specified as follows: 
 
                                              3                                    3 

ln TC  =  α +  Σ αi ln Qi  +  Σ βi ln Pi  +  τ1 T  +  λ1 ln E  + 0   
             i=1                             i=1             

            3         3                                                    3         3 

+ ½ [  Σ  Σ  δij  lnQi lnQj  +  Σ  Σ  γlm  lnPl  lnPm  + φ11 lnE lnE  + τ11 T2] 
                 i=1     j=1                                           l=1    m=1 
          3         3                                                        3                                                     3                                                    3 

+  Σ  Σ  ρim lnQi  lnPm  +  Σ  κi1  lnPi  lnE  +  Σ  σi1 lnQj  lnE  +  Σ  χi T lnQi 
        i
      3                                            4 

=1    m=1                                             i=1                                           i=1                                           i=1 

+  Σ  ωl  T lnPl  +  Σ  [ai cos (zi)  +  bi  sin (zi)]  
       l=1                                     i=1 
 
     4          4 

+  Σ  Σ  [ aij cos (zi + zj) + bij sin (zi + zj)] + ε                                  (1) 
       i=1     j=1 
 
where 
 
ln TC = natural logarithm of total costs (financial costs and operating costs), 
ln Qi  = natural logarithm of bank outputs, 
ln Pl  = natural logarithm of input prices (interest rates, wage rates etc),  
ln E  = natural logarithm of equity capital,1 
T  = time trend, 
Zi  = the adjusted values of the log output (ln Q, ln E) such that they span the interval (0, 2π),  
α, β, λ, δ, γ, τ, φ, ρ, κ, σ, χ, ω, a and b are coefficients to be estimated. 
 
Since the duality theorem requires that the cost function must be linearly homogenous in input 
prices, the following restrictions are imposed on the parameters of equation (1): 
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  3                               3                               3                              3 

Σ  βl = 1;   Σ  γlm = 0;  Σ  ωl = 0;  Σ  ρim = 0, 
l=1                         l=1                        l=1                      m=1 

δij = δji   and  γlm = γml                                                                (2)   
 
Following Mester (1996) and Altunbas et al. (1994), we estimate economies of scale by 
calculating the elasticity of cost with respect to output, holding the product mix and non-output 
variables constant. A measure of overall economies of scale is given by the following cost 
elasticity, obtained by differentiating equation (1) with respect to output: 
 
                  3                                                   3                3      3                            3      3 

SE =  Σ θ lnTC / θ lnQi  = Σ αi + Σ Σ δij lnQj + Σ Σ ρim lnPm  +                              
i=1                                          i=1              i=1   j=1                         i=1   m=1                          
          3                                       3 

+  Σ  ϕi T  +  μi  Σ  [ -ai sin(Zi) + bi cos (Zi)]  +  
       i=1                               i=1 
                       3       3 

+  2 μi  Σ Σ [ -aij sin (Zi + Zj) + bij cos (Zi + Zj)]                     (3) 
                   i=1   j=1 
 
If     SE < 1, we have increasing returns to scale, which implies economies of scale; 
If     SE = 1, we have constant returns to scale; and 
If     SE > 1, we have decreasing returns to scale or diseconomies of scale. 
 
Scale economies estimates can also be derived for various bank sizes by calculating equation 
(18) using different mean values for output and input prices for each bank group. Firm-specific 
scale economies estimates are obtained by using firm-specific output and input prices. Technical 
progress is measured as in McKillop et al. (1996) and Lang and Welzel (1996) by the partial 
derivative of the estimated cost function with respect to the time trend T2 and is given by  
 
                                                                                       3                                   3 

θ lnTC / θT  =  τ1  +  τ11 T  +  Σ  ωl lnPl  +  Σ  χi lnQi                 (4) 
                                                                            l=1                            i=1 

 
4. Empirical Results 
 
This study uses banks’ balance sheet and income statement data for a number of German, 
Austrian, Swiss and Luxembourg banks between 1997 and 2003 obtained from the London based 
International Bank Credit Analysis Ltd’s Bankscope database.  
 
The figures reported in Tables 1-5 indicate that amongst the four national banking markets under 
investigation, Luxembourg  banks were the least efficient (mean 0.2674) and German banks 
were the most efficient (mean 0.1573) with Austrian and Swiss banks in the middle (mean 
0.1946 and 0.2508 respectively). The mean inefficiency score of 26.74 percent reported for 
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Luxembourg banks means that they could produce the same output with only 73.26 
percent of the inputs if they were operating efficiently. By the same token German banks could 
produce the same output with 84.27 percent of the inputs. The inefficiency scores for each 
national market are very similar, however, and they are in line with other studies' findings (see 
Evanoff and Israilevich 1991, Altunbas et al. 2001). 
 
The analysis of bank inefficiency scores in each country separately reveals which size of bank 
(size is measured by total assets) operates more efficiently than others. In Germany, the largest 
banks (those with total assets exceeding 20€ billion) were the least efficient throughout the 
period 1997-2003, while the medium sized banks (total assets 2€-10€ billion) were the most 
efficient. These figures also suggest that the maximum inefficiency score recorded by a German 
bank reached a substantial 0.2962 and the minimum was 0.1056. 
 
In relation to Austrian banks, while the largest banks seem to be the most inefficient (as in the 
German sample), the smallest banks are the most efficient throughout the period in consideration 
reporting inefficiency scores between 19.5% and 15.5%. The maximum inefficiency score 
recorded by an Austrian bank was 0.3471 and the minimum was 0.1236. 
 
The inefficiency scores reported for Swiss and Luxembourg banks are compatible with the 
German and Austrian scores. The most important result that seems to apply in all national 
banking samples is that the largest sized banks are generally the least efficient banks and the 
smallest sized institutions appear to be the most efficient banks throughout the period 1997-2003. 
Therefore, inefficiency seems to be increasing with bank size. Another significant finding is that 
efficiency appears to be improving with time, with all bank sizes reporting better efficiency 
scores for the years 2002-3 than 1997-8. This result applies to all four national banking markets. 
 
The scale economies estimates shown in Tables 6-10 indicate that banks in all four markets are 
characterized by economies of scale. The strongest economies of scale are displayed by German 
banks (inefficiency scores indicate that they are on average the most efficient banks as well). The 
economies of scale estimate of 0.9438 means that German banks can double their output by 
increasing total costs by only 94.38 percent. The weakest economies of scale estimate is reported 
by Swiss banks (0.9794) with Austrian and Luxembourg banks in between. 
 
As regards German banks, all bank sizes are found to enjoy economies of scale as well, with the 
smallest banks (total assets up to 500 mil.) reporting the highest scales estimates whereas the 
largest banks seem to be associated with the weaker economies of scale estimates. Hence, 
economies of scale figures appear to be deteriorating as bank size increases. These findings are 
generally confirmed in the Austrian banking market, whereas in the Swiss and Luxembourg 
sample medium sized banks (total assets between 2-10 bil.) seem to be associated with the 
strongest economies of scale and the largest banks are found to display the weakest economies of 
scale. Therefore, we cannot confirm the assumption that the biggest a bank is, the strongest 
economies of scale it will enjoy and the smallest a bank is the weakest economies of scale it will 
display and hence seeking stronger economies of scale is not an incentive for increasing bank 
size. Moreover, in all four national samples economies of scale seem to be increasing with time, 
with better figures reported for the later years than the earlier years in our period. These findings 
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are generally in line with results reported in previous studies (Vennet 1993, Altunbas et 
al. 2001 and others).  
 
Estimates of technical change are shown in Tables 11-15. The results suggest that technical 
change plays an important role in all four banking markets by reducing the annual costs of 
production by about 3.5-4.7% per annum. Luxembourg and Swiss banks are found to be more 
positively influenced from the effects of technical change (4.5% and 4.6% respectively), with 
German and Austrian banks following at 3.4% and 3.5%. The impact of technical change in 
reducing bank costs appears to be systematically increasing with bank size. The findings suggest 
that the largest banks in our sample are reaping the greater benefits from technical change (4.7%) 
and the smallest banks enjoy the lower benefits (3.5-3.7%). This finding is confirmed in all four 
national banking markets under examination.3 Moreover, the effect of technical change seems to 
be increasing with time, with all bank sizes reporting higher scores for the years 2002-3 than 
1997-8. These results are generally compatible with earlier findings (Altunbas et al. 2001). 
 

 
5. Conclusion 
 
This paper uses the flexible Fourier functional form and the stochastic cost frontier 
methodologies to estimate X-inefficiencies, scale economies and technical change for a sample 
of German, Austrian, Swiss and Luxembourg banks between 1997 and 2003. The results indicate 
that inefficiencies range between 15.7% and 26.7% in all four national samples. Luxembourg  
banks were the least efficient (mean 0.2674) and German banks were the most efficient (mean 
0.1573) with Austrian and Swiss banks in the middle (mean 0.1946 and 0.2508 respectively). 
The findings suggest that the largest sized banks are generally the least efficient banks and the 
smallest sized institutions appear to be the most efficient banks throughout the period 1997-2003. 
Therefore, inefficiency seems to be increasing with bank size. Another significant finding is that 
efficiency appears to be improving with time, with all bank sizes reporting better efficiency 
scores for the years 2002-3 than 1997-8. This result applies to all four national banking markets. 
 
The reported figures for scale economies estimates indicate that banks in all four markets are 
characterized by economies of scale. The strongest economies of scale are displayed by German 
banks (inefficiency scores indicate that they are on average the most efficient banks as well), 
while the weakest economies of scale are reported by Swiss banks with Austrian and 
Luxembourg banks in between. Generally, scale economies are found to range between 2% and 
5.6%. Typically, medium sized banks in Switzerland and Luxembourg and the smallest banks in 
Germany and Austria report the strongest economies of scale and the largest banks display the 
weakest economies of scale and therefore, the notion that economies of scale increase with bank 
size cannot be confirmed. However, economies of scale seem to be increasing with time, with 
better figures reported for the later years than the earlier years in our period. Therefore, as bank 
size increases above medium sized banks, inefficiencies are increasing and economies of scale 
are becoming weaker and so there is evidence that the largest bank size is not optimal.  
 
The impact of technical change in reducing bank costs appears to be systematically increasing 
with bank size. The findings suggest that the largest banks in our sample are reaping the greater 
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benefits from technical change (4.7%). Luxembourg and Swiss banks are more 
positively influenced from the effects of technical change with German and Austrian banks a 
little worse off. Technical progress reduces banking costs between 3.5% and 4.7% per year. The 
findings of this study are generally in line with earlier results applying similar methodologies in 
E.U banking markets. Researchers in the future may examine whether these relationships hold 
for private, mutual and public banks. 
 
 
Endnotes 
 
* Corresponding address: Department of Accounting and Finance, 156 Egnatia Str. 540 06, 
Thessaloniki, Greece, e-mail: spapado@uom.gr 
 
1. This financial capital variable is used to control for risk following Altunbas et al. (2001). 
 
2. This T time trend variable is used as a proxy for disembodied technical change and is inferred 
from changes in a firm’s cost function over time. It captures all the effects of technological 
factors (learning by doing, other organizational changes etc.). Technical progress means that a 
firm can produce a given output Q using lower levels of total inputs and hence producing at 
lower cost. 
 
3. These estimates should be treated with caution given the problems associated with this method 
of measuring technical change as Hunter and Timme (1991) have pointed out. 
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Table 1. Descriptive Statistics of Inefficiency Scores (1997-2003) 
 

Assets size (m €) Mean Median StDev. Min. Max 

0-500 0.1853 0.1837 0.0447 0.1106 0.3054 
500-2000 0.1934 0.1851 0.0409 0.1146 0.3128 

2000-10000 0.2047 0.2438 0.0593 0.1274 0.3509 
10000-20000 0.2258 0.2175 0.0364 0.1352 0.3791 

>20000 0.2146 0.2158 0.0389 0.1239 0.3906 
Germany(all banks) 0.1573 0.1362 0.0487 0.1056 0.2962 
Austria (all banks) 0.1946 0.1657 0.0529 0.1236 0.3471 

Switzerland (all banks) 0.2508 0.2409 0.0372 0.1596 0.4377 
Luxembourg(all banks) 0.2674 0.2307 0.0419 0,1784 0.4132 

 
 
Table 2. Inefficiency Scores for German Banks 
 
Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 

0-500 0.1652 0.1636 0.1694 0.1473 0.1387 0.1443 0.1374 
500-2000 0.1618 0.1654 0.1582 0.1447 0.1329 0.1368 0.1255 

2000-10000 0.1567 0.1522 0.1473 0.1236 0.1108 0.1264 0.1153 
10000-20000 0.2045 0.2078 0.2017 0.1938 0.1909 0.1811 0.1725 

>20000 0.2118 0.2036 0.2114 0.2077 0.1945 0.1862 0.1989 
 

Table 3. Inefficiency Scores for Austrian Banks 
 

Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 
0-500 0.1958 0.1723 0.1976 0.1854 0.1749 0.1627 0.1546 

500-2000 0.2052 0.1974 0.2006 0.1937 0.1863 0.1951 0.1792 
2000-10000 0.1963 0.1838 0.1995 0.1903 0.1842 0.1726 0.1785 

10000-20000 0.2304 0.2258 0.2273 0.2382 0.2295 0.2054 0.2078 
>20000 0.2332 0.2453 0.2319 0.2256 0.2237 0.2065 0.2109 

 

 



        Papadopoulos, Journal of International and Global Economic Studies, 1(1), June 2008, 83-104 

 

98

 
Table 4. Inefficiency Scores for Swiss Banks 

 
Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 

0-500 0.2267 0.2371 0.2204 0.2061 0.2209 0.2143 0.2032 
500-2000 0.2436 0.2025 0.2561 0.2439 0.2538 0.2314 0.2459 

2000-10000 0.2557 0.2614 0.2283 0.2207 0.2571 0.2648 0.2524 
10000-20000 0.2712 0.2733 0.2640 0.2681 0.2735 0.2693 0.2572 

>20000 0.2962 0.2547 0.2706 0.2574 0.2806 0.2743 0.2784 
 
 
 
 

 
Table  5. Inefficiency Scores for Luxembourg Banks 

 
Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 

0-500 0.2291 0.2148 0.2052 0.2216 0.2293 0.2137 0.2158 
500-2000 0.2549 0.2162 0.2475 0.2381 0.2496 0.2327 0.2305 

2000-10000 0.3042 0.2607 0.2219 0.2530 0.2502 0.2447 0.2316 
10000-20000 0.2729 0.2643 0.2815 0.2603 0.2724 0.2648 0.2571 

>20000 0.2907 0.3125 0.3014 0.2832 0.2746 0.2787 0.2654 
 
 
 

 
Table  6. Scale Economies Estimates (1997-2003) 

 

Assets size (m €) Mean Median StDev. Min. Max 

0-500 0.9524 0.9416 0.0535 0.8416 1.0152 
500-2000 0.9469 0.9357 0.0529 0.8802 1.0435 

2000-10000 0.9357 0.9264 0.0615 0.8731 1.0358 
10000-20000 0.9736 0.9553 0.0537 0.8684 1.0219 

>20000 0.9882 0.9647 0.0651 0.8943 1.0538 
Germany(all banks) 0.9438 0.9351 0.0472 0.8756 1.1428 
Austria (all banks) 0.9587 0.9502 0.0436 0.8625 1.1521 

Switzerland (all banks) 0.9794 0.9574 0.0607 0.8415 1.1562 
Luxembourg(all banks) 0.9653 0.9427 0.0526 0,8591 1.1375 
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Table 7. Scale Economies Estimates for German Banks 
 

Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 
0-500 0.9228 0.9264 0.9337 0.9209 0.9385 0.9136 0.9201 

500-2000 0.9483 0.9307 0.9418 0.9339 0.9431 0.9322 0.9286 
2000-10000 0.9536 0.9518 0.9435 0.9476 0.9544 0.9429 0.9365 

10000-20000 0.9742 0.9563 0.9446 0.9508 0.9619 1.0031 0.9355 
>20000 1.0019 1.0162 0,9979 0,9845 0,9713 0,9606 0,9738 

 
Table  8. Scale Economies Estimates for Austrian Banks 
 
Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 

0-500 0.9327 0.9204 0.9458 0.9316 0.9285 0.9247 0.9123 
500-2000 0.9548 0.9316 0.9659 0.9427 0.9344 0.9456 0.9238 

2000-10000 0.9607 0.9645 0.9438 0.9572 0.9518 0.9599 0.9506 
10000-20000 0.9792 0.9713 0.9542 0.9729 0.9736 0.9633 0.9627 

>20000 0,9875 0,9846 1.0124 1.0255 1.0263 0,9739 0,9662 
 

Table 9. Scale Economies Estimates for Swiss Banks 
 

Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 
0-500 0.9793 0.9802 0.9795 0.9676 0.9852 0.9613 0.9567 

500-2000 0.9849 0.9627 0.9632 0.9573 0.9849 0.9728 0.9604 
2000-10000 0.9452 0.9574 0.9481 0.9466 0.9593 0.9314 0.9437 

10000-20000 0.9994 0.9747 0.9924 0.9843 0.9819 0.9905 0.9845 
>20000 1,0061 1,0324 1.0107 0.9846 0.9948 1,0262 0,9853 

 
Table 10. Scale Economies Estimates for Luxembourg Banks 

 
Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 

0-500 0.9649 0.9588 0.9416 0.9692 0.9538 0.9711 0.9603 
500-2000 0.9763 0.9246 0.9690 0.9715 0.9627 0.9572 0.9516 

2000-10000 0.9419 0.9528 0.9307 0.9454 0.9273 0.9384 0.9557 
10000-20000 0.9806 0.9761 0.9738 0.9690 0.9746 0.9621 0.9644 

>20000 0,9842 0,9714 0.9823 0.9749 0.9883 0,9854 0,9715 
Bold values indicate statistical significance at the 5% level. 
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Table 11. Overall Technical Progress (1997-2003) 
 

Assets size (m €) Mean Median StDev. Min. Max 

0-500 -0.037 -0.033 0.0021 -0.023 -0.054 
500-2000 -0.035 -0.030 0.0026 -0.024 -0.051 

2000-10000 -0.039 -0.035 0.0038 -0.020 -0.057 
10000-20000 -0.044 -0.038 0.0033 -0.019 -0.059 

>20000 -0.047 -0.041 0.0026 -0.025 -0.062 
Germany(all banks) -0.034 -0.032 0.0029 -0.022 -0.059 
Austria (all banks) -0.035 -0.029 0.0022 -0.019 -0.062 

Switzerland (all banks) -0.046 -0.032 0.0025 -0.021 -0.065 
Luxembourg(all banks) -0.045 -0.038 0.0034 -0.023 -0.064 

 
Table  12. Overall Technical Progress for German Banks 
 
Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 

0-500 -0.030 -0.031 -0.025 -0.024 -0.041 -0.029 -0.028 
500-2000 -0.038 -0.025 -0.021 -0.034 -0.035 -0.031 -0.048 

2000-10000 -0.021 -0.025 -0.028 -0.029 -0.020 -0.037 -0.028 
10000-20000 -0.035 -0.040 -0.031 -0.039 -0.032 -0.032 -0.037 

>20000 -0.043 -0.039 -0.040 -0.042 -0.047 -0.046 -0.050 
 
 

Table 13. Overall Technical Progress for Austrian Banks 
 

Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 
0-500 -0.031 -0.026 -0.029 -0.027 -0.030 -0.032 -0.034 

500-2000 -0.036 -0.034 -0.033 -0.026 -0.029 -0.039 -0.041 
2000-10000 -0.025 -0.027 -0.021 -0.025 -0.028 -0.030 -0.026 

10000-20000 -0.039 -0.040 -0.031 -0.038 -0.045 -0.039 -0.042 
>20000 -0.040 -0.039 -0.037 -0.044 -0.041 -0.051 -0.048 
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Table 14. Overall Technical Progress for Swiss Banks 
 

Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 
0-500 -0.040 -0.041 -0.036 -0.038 -0.035 -0.039 -0.042 

500-2000 -0.043 -0.046 -0.044 -0.039 -0.036 -0.048 -0.045 
2000-10000 -0.042 -0.045 -0.037 -0.036 -0.036 -0.040 -0.044 

10000-20000 -0.040 -0.048 -0.049 -0.042 -0.044 -0.047 -0.051 
>20000 -0.052 -0.049 -0.050 -0.048 -0.051 -0.053 -0.055 

 
 

Table 15. Overall Technical Progress for Luxembourg Banks 
 

Ass size (m €) 1997 1998 1999 2000 2001 2002 2003 
0-500 -0.042 -0.045 -0.043 -0.038 -0.035 -0.046 -0.044 

500-2000 -0.037 -0.034 -0.038 -0.041 -0.038 -0.040 -0.035 
2000-10000 -0.039 -0.042 0.040 -0.042 -0.043 -0.044 -0.039 

10000-20000 0.039 -0.041 -0.042 -0.046 -0.050 -0.042 -0.047 
>20000 -0.048 -0.051 -0.047 -0.050 -0.052 -0.054 -0.051 

 
Bold values indicate statistical significance at the 5% level. 
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APPENDIX 
 

Table  16. Maximum Likelihood Parameter Estimation of the Cost Frontier 
   ___________________________________________________ 

Variables   Parameters         Coefficients     Stand. error  t-Ratio 
 
Constant     α0  -0.2518 0.00031 -14.327 
lnQ1      α1               0.2187 0.00897  51.216 

   lnQ2        α2   0.3264 0.00477  104.71 
lnQ3        α3   0.0036 0.00039  1.7183 

lnE      λ1   0.2619 0.00275  2.5426 
lnP1        β1   0.8432 0.00409  32.892 
lnP2        β2   0.3365 0.00574  26.724 
lnQ1 lnQ1       δ11  -0.0043 0.00038 -69.376 

lnQ1 lnQ2     δ12   0.0487 0.00068  40.062 
lnQ1 lnQ3      δ13   0.0628 0.00030  12.734 

lnQ1 ln E     θ1λ   0.0117 0.00047  31.527 
lnQ2 lnQ2       δ22   0.0529 0.00209  41.392 
lnQ2 lnQ3       δ23   0.0617 0.00538  55.924 

lnQ2 ln E     δ2λ   0.0041 0.00429  7.0823 
lnQ3 lnQ3       δ33   0.0052 0.00079  16.267 

lnQ3 ln E     δ3λ  -0.0289 0.00075 -9.8763 
ln E ln E     ϕλλ  -0.0518 0.00037 -9.0358 
lnP1 lnP1       γ11   0.0635 0.00781  48.352 

lnP1 lnP2       γ12   0.0124 0.00495  27.109 

lnP2 lnP2       γ22   0.0722 0.01374  30.474 

lnP1 lnQ1       ρ11  -0.0019 0.00068 -14.837 

lnP1 lnQ2       ρ12   0.0383 0.00056  21.327 

lnP1 lnQ3       ρ13  -0.0543 0.00037 -5.7294 

lnP1 lnE     ρ1λ   0.0092 0.00029  5.2708 
lnP2 lnQ1       ρ21   0.0071 0.00809  13.018 

lnP2 lnQ2       ρ22   0.0237 0.00805  31.472 

lnP2 lnQ3       ρ23  -0.0371 0.00564 -8.0854 

lnP2 lnE     ρ2λ   0.0868 0.00049  32.925 
T      τ  -0.0052 0.00892 -7.2371 
T * T/2     τ11  -0.0093 0.00624 -6.7266 
lnQ1 T      χ1τ   0.0237 0.00763  5.5281 
lnQ2 T      χ2τ   0.0077 0.00431  7.0894 
lnQ3 T      χ3τ   0.0285 0.00088  12.723 
lnE T    χετ   0.0392 0.00194          8.0944 
lnP1 T    ω1 τ       -0.0082         0.00052  -3.17 

lnP2 T   ω2 τ    0.0041 0.00507  3.1926  
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cos (z1)  a1  -0.0010 0.00621 -22.638 
sin  (z1)  b1  -0.0057 0.00492 -24.574 
cos (z2)  a2  -0.0032 0.00043 -7.9356 
sin  (z2)  b2  -0.0084 0.00051 -5.1709 
cos (z3)  a3  -0.0461 0.00136 -4.3573 
sin  (z3)  b3   0.0294 0.00891  0.5792 
cos (z4)  a4  -0.0226 0.00572 -1.9236 
sin  (z4)  b4  -0.1495 0.01098 -3.2677 
cos (z1+z1)  a11   0.0044 0.00634  7.0852 
sin  (z1+z1)  b11   0.0087 0.00729  12.476 
cos (z1+z2)  a12  -0.1524 0.00265 -3.4857 
sin  (z1+z2)  b12   0.0225 0.00112  5.2769 
cos (z1+z3)  a13   0.0187 0.00041  2.8683 
sin  (z1+z3)  b13  -0.0052 0.00610 -1.5790 
cos (z1+z4)  a14  -0.0055 0.00562 -4.7261 
sin  (z1+z4)  b14   0.0263 0.00725  26.722 
cos (z2+z2)  a22   0.00117 0.00488  1.5482 
sin  (z2+z2)  b22  -0.0032 0.00371 -2.1374 
cos (z2+z3)  a23   0.0045 0.00472  5.0967 
sin  (z2+z3)  b23  -0.0571 0.00124 -0.5628 
cos (z2+z4)  a24   0.0056 0.00056  0.6835 
sin  (z2+z4)  b24   0.0027 0.00073  1.6591 
cos (z3+z3)  a33  -0.0074 0.00407 -1.4428 
sin  (z3+z3)  b33  -0.0891 0.00538 -0.6257 
cos (z3+z4)  a34  -0.0627 0.00546 -2.9375 
sin  (z3+z4)  b34   0,0054 0,00619  2,3764 
cos (z4+z4)  a44   0,0021 0,00447  0,3947 
sin  (z4+z4)  b44  -0,0103 0,00162 -5,8253 
   σ2u/σ2υ  2,5462 0,00107 27,481 
   σ2υ   0,4156 0,00294 113,57 
lnP3   β3   0,0031 

lnP1 lnP3  γ13   0,0072 
lnP2 lnP3  γ23  -0,0207 

lnP3 lnP3  γ31  -0,0784 
lnP3 lnQ1  ρ31   0,0365 

lnP3 lnQ2  ρ32   0,0392 

lnP3 lnQ3  ρ33  -0,0408 

lnP3 lnE  ρ3λ   0.0018 

lnP3 T   θ3τ   0.0044 
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Table  17. Number of Banks According to Years 
 

 1997 1998 1999 2000 2001 2002 2003 
Germany  1732 1764 1795 1802 1786 1790 1792 
Austria  248 251 254 250 252 255 257 

Switzerland  523 528 528 530 532 535 544 
Luxembourg 184 180 182 185 180 183 184 

 
 
Table 18. Descriptive Statistics of the Output and Input Variables Used in the Model (2003) 

 

Variables Mean Median StDev. Min. Max 

TC 344 38 1020 102 32440 
P1 0.022 0.016 0.0048 0.0086 0.072 
P2 0.074 0.051 0.0063 0.0077 0.063 
P3 0.590 0.412 0.336 0.085 0.910 
Q1 2850 242 10224 125 412560 
Q2 3245 208 10012 102 456230 
Q3 2250 146 12320 128 428340 
E 626 44 1568 52 42166 

 

TC = Total cost (operating and financial) in m €, 
P1 = Price of labour (total personnel expenses/total assets) in %, 
P2 = Price of funds (total interest expenses/total funds) in %, where total funds are total deposits 
plus all kinds of bank debt, 
P3 = Price of capital (total depreciation and other expenses/total fixed assets) in %, 
Q1 = The value of total loans in m €, 
Q2 = The value of total securities (all types of securities and investments) in m €, 
Q3 = The value of all off-balance sheet activities in m €, and 
E = The value of total equities. 
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