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Abstract

During the past decades, competitive pressures have increasingly driven banks to change the strategic focus on generating returns to shareholders. All things being equal, cost efficient banks should be more profitable and therefore generate greater shareholder returns. The purpose of this paper is to contribute further evidence on bank efficiency by defining alternative efficiency measures and investigating the link between such measures and the market performance of financial institutions. Employing Data Envelopment Analysis (DEA) and Stochastic Frontier Approach (SFA) we estimate measures of bank cost efficiency for a sample of European banks listed in the year 2000. The results seem to indicate that percentage change in stock prices reflect percentage change in cost efficiency, particularly those derived from DEA. This suggests that stocks of cost efficient banks tend to outperform their inefficient counterparts. 
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1. Introduction
Efficiency can be framed both as market efficiency and operating efficiency (Stiglitz, 1981, p. 236-237). Market efficiency is largely referred as information efficiency (Ball, 1989), and it is measured by the amount and speed with which information is incorporated into prices. Operating efficiency (Farrell, 1957) denotes whether a firm is cost minimising (consuming less inputs for the same level of outputs) or profit maximising (producing more outputs for the same amount of inputs) based on published accounting numbers.

According to a major stream of the financial literature, in an efficient market stock prices incorporate all relevant publicly known information (Fama, 1970, p. 383)
. By distinguishing three sets of information, market efficiency is correspondingly distinguished in strong, semi-strong and weak. The large empirical evidence presented from the end of the 1960s shows that markets are efficient, although the existence of anomalies mainly related to the prices’ behaviour.

In semi-strong efficiency, stock performance represents the best measure to estimate the creation of value for shareholders (Brealey and Myers, 1991, p. 915), and a positive relationship exists. An efficient stock market should take operating efficiency measures into consideration in the price formation process, as they represent public information. All things being equal, cost efficient banks should be able to raise capital at a lower cost. Indeed, cost inefficient banking institution may be more prone to risk taking than efficient ones (Marcus, 1984; Kane and Kaufman, 1993; Gorton and Rosen, 1995; Kwan and Eisenbeis, 1996).  Cost efficient banks, ceteris paribus should be more profitable and therefore generate greater shareholder returns
. Thus,
 we expect that higher cost efficiency will be reflected in better stock performance. This paper attempts to explain and understand the relationship between estimated banks’ efficiencies and their share prices. Specifically, we investigate the influence of X-efficiency derived from both parametric and non-parametric methodologies on the share prices of banks in five main European markets in the year 2000. 
The paper is set out as follows: Section 2 presents a review of the relevant literature whereas Section 3 outlines the methodological approaches and data used for the empirical analysis. Section 4 illustrates the results and Section 5 concludes. 

2. Literature Review
Studies on the stock market have generally found that stock prices incorporate earnings information, even though the magnitude of changes in stock prices does not reflect the magnitude of changes in earnings (see for a complete review Kothari, 2001)
. In this study, the focus of the investigation is shifted from the change in earnings to the change in cost efficiency. Since cost efficiency is calculated based on published accounting numbers, this shift in focus is justified. Because accounting numbers are publicly known information, in an efficient market a change in cost efficiency should be incorporated in the price formation process. 

Typically, bankers have focused on the reduction of cost to income ratios as proxies for cost efficiency. However, it is accepted in the literature (Berger and Humphrey, 1997) that cost efficiency measures derived from parametric and non-parametric approaches have advantages over accounting ratios. For example, they can accommodate multiple inputs and multiple outputs and the results are more objective and all inclusive (see Thanassoulis et al., 1996).

Despite a very large literature both on capital market research in accounting and bank efficiency, only a handful of studies have investigated the relationship between cost efficiency and share performance and no studies, to the best of our knowledge; test the relationship on a cross-country sample.

Adenso-Diez and Gascon (1997), with reference to the Spanish banking sector, attempt to establish a link between stock performance and four different measures of partial efficiency: production costs and branch network distribution estimated by using DEA; systematic risk and specific risk. The main findings suggest that the most influential variable in determining stock performance is banks specific risk. 

Using DEA, Chu and Lim (1998) evaluate the relative cost and profit efficiency of a panel of six Singapore-listed banks during the period 1992-96. They found that percentage change in the price of bank shares reflect percentage change in profit rather than cost efficiency. 

Finally, estimating the cost efficiency of a sample of large US bank holding companies, Eisenbeis et al. (1999) examine the informativeness of the efficiency measured using both DEA and SFA in explaining risk-taking behaviour, managerial competence and bank stock returns. Based on their findings, they conclude that while both methods produce informative efficiency scores, for their dataset, decision-makers should put more weight on the stochastic frontier efficiency estimates.

Furthering this literature, we link bank efficiency to stock market performance in a sample of five main European banking markets.

3. Methodology and Data
We employ a three-step procedure to generate the information required for this study. First, cost efficiency is estimated using the two main frontier approaches (i.e. the DEA and SFA). We then calculate bank stock performance as represented by annual stock returns, calculated for each bank by adding daily returns. Finally, to test the predictions of our models, we regress each bank stock performance on the yearly change of the frontier efficiency measures. If such a statistical link can be established, it would afford an alternative explanation for bank share prices fluctuations.
3.1. Data Envelopment Analysis
This study employs the standard DEA approach
; specifically the efficiency measures are the result of the implementation of a Variable Returns to Scale (VRS), input-oriented and output-oriented cost minimisation model.

DEA measures of efficiency are based on estimates of the degree to which the unit under analysis could have produced more outputs for its inputs levels or the degree to which it could have used less input for its output levels. The orientation in which we measure efficiency can impact the results obtained and the choice is normally based on whether the management has (or chooses to exert) more control over inputs or output levels. The measure of output efficiency reflects the extent to which the output levels of the unit concerned can be raised through improved performance and no additional resource, while maintaining its output mix. The measure of input efficiency reflect the extent to which the input levels of the unit concerned can be lowered through improved performance and no output reduction, while maintaining its input mix (Thanassoulis, 2001). 

The main literature focused on the estimation of cost efficiency, assuming that bank management has more control over costs rather then over outputs. The objective of this analysis is to estimate the overall performance of a specific bank relative to “best practice” rather than its sources of inefficiency. Therefore, only overall efficiency estimates, rather that their detailed decomposition, are presented.
3.2. Stochastic Frontier Model
This study employs a standard translog functional form.
 Our specification of the multi-product cost function is:
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where TC is a measure of the total costs of production comprising operating costs and interest paid on deposits; the 
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Standard symmetry and linear restrictions have to be imposed on (1).
 In accordance with the assumed constraint of linear homogeneity in prices, TC, P1 and P2 are normalised by the price of capital, P3. It is also important to mention that consideration of input share equations embodying Shephard’s Lemma restrictions is excluded in order to allow for the possibility of allocative inefficiency (see, for example, Berger and Mester, 1997a). 

We employ the standard Stochastic Frontier Approach (SFA) to generate estimates of X-efficiencies for each listed bank along the lines first suggested by Aigner et al. (1977). Specifically, we employ the Battese and Coelli (1992) model of a stochastic frontier function for panel data with firm effects which are assumed to be distributed as truncated normal random variables (((0)
 and are also permitted to vary systematically with time (see for more details on the SFA methodology Battese and Corra, 1977; Battese and Coelli, 1993; Coelli et al., 1998).

3.3. Bank Efficiency and Stock Performance 


Bank stock performance is represented by annual stock returns, which were calculated for each bank by adding daily returns. This measure is believed to be a better measure than calculating a point increase with data from the first and the last day of the period under investigation. Daily returns have smaller standard deviations than do annual and monthly returns.
 To attenuate the overreaction problem changes in the weekly moving averages of stock returns were also calculated. Data smoothing mitigates the excessive reactions of investors.


To examine the relationship between X-efficiency and stock performance, bank stock returns are regressed against X-efficiency estimates. The estimated models are:
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where

[image: image12.wmf]jt

R

 = return on bank j’s stock for the annual period ending at time t;
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 = bank j’s annual percentage change in X-efficiency (either DEA or SFA).

4. Data and Inputs and Outputs Definitions
The sample comprises all banks publicly listed in France (Bourse de Paris), Germany (Deutsche Börse Group), Italy (Borsa Italiana Spa), Spain (Bolsa de Madrid) and UK (London Stock Exchange). Daily stock prices (daily changes in stock prices) for the period 03.01.2000-30.06.2001 are obtained from Datastream. Since financial information relating to the accounting year 2000 is not generally released to the public until April 2001, the choice to consider stock prices up to end of June 2001 is motivated on the basis of incorporating the release event (consistently with the literature incorporating the earnings announcement date in the window). Figure 1 illustrates bank share price performance over the period under investigation. Overall it is possible to note similar patterns of variation across the different European markets, with the notable exception of the initial period up to April 2000 when more significant booms followed by sudden decreases were reached for the Italian (and British) bank stocks. 

Accounting information is primarily drawn from the London based International Bank Credit Analysis Ltd’s ‘Bankscope’ database, relative to the years 1999 and 2000. Descriptive statistics of indicators of size and performance for the institutions included in our sample can be found in Table A1 in the Appendix. 

<INSERT FIGURE 1>

To define inputs and outputs in this study we use a variation of the intermediation approach, which was originally developed by Sealey and Lindley (1977) and posits that total loans and securities are outputs, whereas deposits along with labour and capital are inputs. 

Specifically, the input variables used to estimate the SFA are: the average cost of labour (personnel expenses/total assets); deposits (interest expenses/customer and short-term funding) and capital (total capital expenses/total fixed assets). To evaluate DEA, the input variable is represented by a total cost figure, which includes personnel expenses, other administrative expenses, interest expenses and non-interest expenses. Both for DEA and SFA, the output variables capture both the traditional lending activity of banks (total loans) and the growing non-lending activities (other earning assets).
 Table 1 summarises the main descriptive statistics of the input and output variables.

<INSERT TABLE 1>

5. Results
Efficiency scores derived from the two methodologies are reported in Table 2 below. Overall, efficiency scores range between 70% and 90%, therefore indicating average inefficiency of around 15%, which is consistent with previous findings on European bank efficiency. Furthermore, DEA efficiency scores present greater variability that SFA, which is also consistent with recent findings (see, among others, Berger and Humphrey, 1997, Goddard et al., 2001).  

For the purpose of this study, it is necessary to draw attention to the change in efficiency, calculated as percentage change in efficiency scores at year-end 1999 and year-end 2000 [(Ej,2000-Ej,1999)/E j,1999].

With the exception of France (DEA), all percentage changes indicate a deterioration of efficiency (ranging from a 2% to a 6% annual decrease). Overall, this seems to highlight a “bad performance” on the cost side for listed banks at the EU level. 

Looking at the stock price changes for listed banks for each of the five EU countries, the trend for the year 2000 has also been of a decline.  Intuitively, there seem to be preliminary evidence of consistency between stock price behaviour and performance measured by estimated banks cost efficiency.

<INSERT TABLE 2>

To further test this relationship, Table 3 presents the results of the correlation coefficients and their significance levels. A preliminary analysis of the table highlights a positive and statistically significant correlation between changes in DEA and in SFA cost efficiency scores. Even more interestingly for our purposes, the correlations between changes in DEA (both input and output oriented) efficiency scores and changes in stock prices, estimated both as averages and 5-days moving averages of daily changes, are positive and statistically significant at the 0.01 level. On the other hand, while the correlation sign between changes in SFA cost efficiency and changes in stock prices is positive; it is not statistically significant
.

<INSERT TABLE 3>

The results derived from estimating equation (2) by OLS are reported in Table 4. Both in DEA and SFA score regressions, the coefficient of the change in stock prices is significantly positive, as expected. These findings suggest that stocks of efficient banks tend to outperform their inefficient counterparts. 

It should be noted, however, that the positive relationship is statistically significant DEA estimates at the 0.01 level, whereas the significance level is 0.10 for SFA. The lower statistical significance for SFA estimates may be due to the fact that SFA cost efficiency have less cross sectional variation, which makes finding a statistically significant relationship more difficult (see also Figure 2). The model above explains 16% (R2 Adj. = 0.15) of the variability in stock prices. However, the model seems to lose its explanatory power (R2 = 0.02) when SFA estimates are employed.

Contrary to the findings of Eisenbeis et al. (1999) these results suggests that the SFA efficiency estimates are not reflected in the market as being important when compared to the DEA estimates. One possible explanation can be that DEA measures are closer to accounting numbers of performance, which efficient markets are incorporating.

<INSERT TABLE 4>

Figure 2 illustrates the scatter plots of annual changes in shares prices versus cost efficiency.

The slope coefficient is 0.440 for DEA and 0.187 for SFA, thus indicating that the expected increase in stock prices is more than double for a point increase in DEA cost efficiency than in SFA cost efficiency.

<INSERT FIGURE 2>

5. Conclusions 
During the past decades, competitive pressures have increasingly driven banks to change their strategic focus on generating returns to shareholders. Typically, bankers have focused on the reduction of cost to income ratios as proxies for cost efficiency. However, it is accepted in the literature (Berger and Humphrey, 1997) that cost efficiency measures derived from parametric and non-parametric approaches have advantages over accounting ratios. 
In this paper, we combine the capital market research in accounting and the bank efficiency literature by linking bank cost efficiency to stock market performance. The results appear to suggest that changes in the prices of bank shares reflect percentage changes in cost efficiency, particularly those derived from DEA. This trend is less clear with SFA efficiency estimates. One possible explanation can be that DEA measures are closer to accounting measures of performance, which efficient markets are incorporating.
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Appendix 

Table A1

Descriptive Statisticsa,b

	 
	Mean
	Median
	Stdev
	Min
	Max

	
	1999
	2000
	1999
	2000
	1999
	2000
	1999
	2000
	1999
	2000

	FRANCE (22)
	
	
	
	
	
	
	
	
	
	

	Total Assets
	73586.1
	76461.8
	5316.4
	5460.1
	171591.9
	173193.9
	957.9
	1287.3
	698559.0
	693775.0

	Pre-Tax Profit
	382.2
	627.9
	57.1
	67.1
	846.5
	1532.5
	14.7
	21.8
	3214.0
	6179.0

	Interest Income
	3203.9
	4379.3
	291.7
	345.0
	6564.3
	9586.4
	66.7
	80.0
	24588.0
	40172.0

	Commission Income
	629.7
	787.6
	78.2
	90.2
	1295.3
	1597.3
	17.7
	28.1
	4814.0
	5770.0

	ROAA
	0.7
	0.8
	0.7
	0.7
	0.3
	0.4
	0.3
	0.4
	1.2
	1.9

	ROAE
	10.3
	11.5
	9.3
	9.8
	2.7
	4.6
	7.0
	5.7
	17.4
	19.5

	Cost to Income Ratio
	65.1
	63.1
	64.7
	62.9
	6.6
	6.5
	54.8
	52.9
	78.4
	73.7

	Equity / Total Assets
	7.3
	7.8
	8.2
	8.6
	2.4
	2.5
	3.0
	2.8
	10.2
	10.7

	GERMANY (17)
	
	
	
	
	
	
	
	
	
	

	Total Assets
	132239.6
	159047.5
	25816.5
	30380.6
	224470.3
	271119.1
	31.9
	20.6
	805364.0
	900141.0

	Pre-Tax Profit
	491.8
	773.1
	157.3
	103.1
	962.6
	1694.8
	4.5
	1.5
	3944.0
	6824.0

	Interest Income
	6075.4
	7524.6
	1579.0
	2163.0
	9653.5
	12301.0
	0.3
	0.1
	30998.0
	42000.0

	Commission Income
	67.3
	72.0
	21.6
	28.6
	107.9
	114.0
	0.6
	1.5
	321.9
	385.9

	ROAA
	3.0
	1.4
	0.3
	0.4
	6.6
	3.0
	0.1
	0.0
	23.3
	12.8

	ROAE
	13.6
	11.5
	9.3
	7.8
	8.8
	8.9
	3.0
	0.1
	36.2
	33.6

	Cost to Income Ratio
	51.4
	53.6
	48.3
	57.8
	16.1
	15.0
	29.7
	25.0
	82.2
	80.8

	Equity / Total Assets
	11.0
	13.4
	3.6
	3.8
	18.9
	22.1
	0.9
	0.9
	62.0
	73.8

	ITALY (29)
	
	
	
	
	
	
	
	
	
	

	Total Assets
	42508.0
	46932.9
	13418.9
	14512.0
	68937.4
	76104.7
	167.3
	545.7
	308294.7
	331364.0

	Pre-Tax Profit
	436.5
	555.2
	146.9
	217.6
	673.8
	838.9
	10.8
	15.2
	2855.4
	3284.9

	Interest Income
	2042.7
	2463.0
	532.5
	730.3
	3433.1
	4109.7
	3.0
	11.9
	15609.9
	18545.8

	Commission Income
	668.3
	819.8
	295.7
	446.3
	1042.4
	1226.8
	15.2
	18.2
	4541.6
	4956.2

	ROAA
	1.0
	1.0
	0.6
	0.7
	1.2
	0.9
	0.3
	0.2
	6.3
	4.4

	ROAE
	11.2
	12.1
	10.4
	11.9
	5.7
	6.0
	2.9
	4.9
	25.7
	26.1

	Cost to Income Ratio
	69.5
	65.0
	70.1
	65.1
	11.1
	9.7
	41.1
	40.7
	88.5
	86.8

	Equity / Total Assets
	8.2
	7.7
	6.8
	6.8
	6.0
	3.7
	4.2
	4.2
	36.0
	21.0

	SPAIN (11)
	
	
	
	
	
	
	
	
	
	

	Total Assets
	6752.8
	7955.6
	4526.9
	5174.5
	7819.2
	9424.5
	55.0
	62.5
	26267.5
	31287.9

	Pre-Tax Profit
	127.2
	133.9
	55.9
	61.1
	198.7
	229.1
	2.2
	1.9
	704.6
	810.4

	Interest Income
	320.3
	414.7
	175.9
	227.1
	389.4
	512.1
	5.3
	5.6
	1368.8
	1776.4

	Commission Income
	107.6
	119.9
	60.0
	70.0
	157.9
	184.1
	0.4
	0.5
	560.0
	653.3

	ROAA
	1.6
	1.4
	1.9
	1.7
	0.8
	0.7
	0.6
	0.6
	2.8
	2.5

	ROAE
	14.1
	13.9
	15.4
	13.5
	4.2
	4.8
	6.3
	5.0
	23.2
	23.7

	Cost to Income Ratio
	57.1
	56.6
	51.7
	52.0
	12.9
	14.8
	42.9
	40.0
	77.0
	81.6

	Equity / Total Assets
	12.6
	11.6
	7.6
	7.8
	11.1
	9.6
	5.1
	4.3
	43.5
	38.1

	UK (11)
	
	
	
	
	
	
	
	
	
	

	Total Assets
	194617.1
	236120.2
	134918.4
	208826.9
	165274.3
	209310.6
	32372.0
	36137.1
	557202.0
	714508.7

	Pre-Tax Profit
	2537.0
	3196.7
	1772.4
	2386.1
	2369.1
	3144.3
	248.9
	254.5
	7945.3
	10505.1

	Interest Income
	10696.4
	13482.2
	7768.8
	12437.0
	8168.9
	10984.4
	1976.2
	2344.9
	29225.9
	40777.0

	Commission Income
	2124.8
	2591.3
	1227.6
	1323.0
	2200.0
	2812.5
	187.8
	191.5
	7116.1
	9216.5

	ROAA
	0.9
	1.0
	0.8
	0.9
	0.3
	0.4
	0.4
	0.3
	1.5
	1.8

	ROAE
	18.0
	18.2
	18.7
	17.3
	5.0
	5.0
	8.3
	6.6
	25.2
	26.7

	Cost to Income Ratio
	52.8
	52.3
	53.7
	57.2
	10.1
	9.3
	35.4
	34.8
	70.3
	65.6

	Equity / Total Assets
	5.1
	5.3
	4.9
	4.8
	1.1
	1.3
	3.6
	4.0
	6.7
	8.0


a In brackets the number of banks.

b Data for ROAA, ROAE, Cost/Income and Equity/Assets are expressed in %. All other items are in mil. €.

Source: BankScope.

Table 1

Summary Statistics on Cost, Output Quantities and Input Prices in 2000a,b

	
	
	AVERAGE
	MEDIAN
	MIN
	MAX
	STDEV

	FRANCE
	TC
	5093.5
	360.1
	67.9
	46262.0
	11226.0

	
	Q1
	30790.7
	4328.1
	962.5
	239453.0
	62683.5

	
	Q2
	35115.9
	747.3
	132.9
	325745.0
	82082.4

	
	P1
	0.0137
	0.0136
	0.0049
	0.0229
	0.0036

	
	P2
	0.0574
	0.0446
	0.0292
	0.1514
	0.0303

	
	P3
	1.1178
	1.0269
	0.5746
	2.0298
	0.3774

	GERMANY
	TC
	8304.2
	2102.9
	4.8
	55503.0
	14865.2

	
	Q1
	79265.9
	20546.0
	0.1
	423803.0
	132914.4

	
	Q2
	67456.4
	9503.7
	15.4
	428477.0
	118706.5

	
	P1
	0.0291
	0.0047
	0.0005
	0.1760
	0.0538

	
	P2
	0.1404
	0.0711
	0.0080
	0.7183
	0.1896

	
	P3
	1.6250
	0.7155
	0.0994
	8.6667
	2.1506

	ITALY
	TC
	2503.5
	827.9
	34.5
	18415.7
	4093.7

	
	Q1
	27629.0
	7051.9
	11.7
	187524.2
	43343.4

	
	Q2
	14003.8
	4206.4
	328.2
	109726.7
	24120.3

	
	P1
	0.0157
	0.0154
	0.0035
	0.0264
	0.0043

	
	P2
	0.0548
	0.0457
	0.0114
	0.3052
	0.0497

	
	P3
	0.7661
	0.5842
	0.1758
	2.7544
	0.5284

	SPAIN
	TC
	352.0
	221.4
	3.6
	1317.1
	404.9

	
	Q1
	5463.3
	3084.4
	58.7
	23307.5
	7021.4

	
	Q2
	1996.1
	1487.2
	0.0
	6230.3
	2059.3

	
	P1
	0.0150
	0.0153
	0.0070
	0.0213
	0.0037

	
	P2
	0.0287
	0.0286
	0.0175
	0.0522
	0.0105

	
	P3
	0.4105
	0.3771
	0.2200
	0.9705
	0.1973

	UK
	TC
	12617.8
	12060.2
	2113.9
	39301.4
	10591.3

	
	Q1
	133044.0
	112927.4
	29084.8
	320261.9
	97039.7

	
	Q2
	83850.4
	60416.4
	6174.3
	313389.3
	94890.1

	
	P1
	0.0080
	0.0081
	0.0026
	0.0121
	0.0034

	
	P2
	0.0641
	0.0630
	0.0318
	0.1013
	0.0190

	
	P3
	0.7534
	0.8072
	0.3202
	1.3535
	0.3112


a TC = total costs (€ mil.); Q1 = total loans (€ mil.); Q2 = other earning assets (€ mil.); P1 = personnel expenses/total assets; P2 = interest expenses/total customer deposits; P3 = other non-interest expenses/total fixed assets.

Table 2

DEA Efficiency Scores and SFA Efficiency Scores
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Correlation Analysis

Table 4

Regression Analysis

	DEPENDENT VARIABLE: AV3006



	
	DEA


	SFA

	CONSTANT
	0.0399***

(0.011)
	0.0329**

(0.012)

	CHDEAIN
	0.440***

(0.109)
	−

	CHCOST
	−
	0.187*

(0.136)

	R
	0.39


	0.15

	R2
	0.16
	0.02



	Adjusted R2
	0.15


	0.01


igure 1

Bank Share Performance
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Figure 2

Annual Change in Share Prices and Cost Efficiency: 
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* Corresponding author: Middlesex University Business School, Department of Economics, The Burroughs, Hendon, London NW4 4BT; Tel:  +44 (0) 20 84114281; e-mail: c.girardone@mdx.ac.uk


� Alternative definitions of market efficiency are proposed by defining efficiency as noise rational expectations equilibrium (Grossman, 1976 and Grossman and Stiglitz, 1980) and by including transaction costs (Jensen, 1978).


� As pointed out by Eisenbeis et al. (1999) the ceteris paribus condition is important since cost is only one half of the profit equation and therefore does not tell the full story. For example, a bank may offer greater customer services, which while more costly, also increases revenues.


� Competing hypothesis for the poor relationship between earings and stock returns are the effects of  prices lead earnings, transitory income, valuation models misspecification and capital market inefficiency.


� For an introduction to DEA methodology see, among others, Coelli et al. (1998); Thanassoulis (2001); see Lovell (1993) and Seiford (1996) for extensive reviews of this literature.


� Berger and Mester (1997a) found that both the translog and the Fourier-flexible functional form, which is a global approximation that includes a standard translog plus Fourier trigonometric terms, yielded essentially the same average level and dispersion of measured efficiency, and both ranked the individual banks in almost the same order.


� Standard symmetry implies that: � EMBED Equation.2  ��� and � EMBED Equation.2  ���, where � EMBED Equation.2  ��� and � EMBED Equation.2  ���, and the following linear restrictions on (1) are necessary and sufficient for linear homogeneity in factor prices: � EMBED Equation.2  ���; � EMBED Equation.2  ��� and � EMBED Equation.2  ���.


� There are many variations on this assumption in the literature (for details, see Coelli et al., 1998). 


� The mean standard deviation of monthly returns for randomly selected securities is about 7.8% , while the corresponding mean standard deviation  of daily returns will be approximately 1.8% if daily returns are serially independent (Fama, 1976, p. 123).


� We are aware that some recent bank efficiency studies include OBS (see, for example, Isik and Hassan, 2002). However, the great variability in accounting practices across countries would have introduced a remarkable sample bias.


� These results have been futher tested by using different model specifications, namely computing differences from  the sample mean both for efficiency and stock price values. The correlation between these values were consistent with previous estimations. 
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