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Abstract
This paper attempts to measure the cost efficiency of 44 banks operating in Lebanon throughout the period 1992-2016, using the stochastic frontier technique. The additional purpose of this study is to detect the impact of some endogenous and exogenous factors on the cost efficiency scores calculated. The empirical results show a stabilization in the cost efficiency of Lebanese banks over the period studied and that on average those banks could reduce up to 12% of their allocated resources while maintaining the same level of their final outputs. We also found that cost efficiency among Lebanese banks is driven by 1) macroeconomic factors such as economic growth and inflation development and 2) by banks specific factors such as liquidity, capitalization, profitability and the diversification strategy.
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1. Introduction
The financial sector has a dynamic function in terms of growth and the development of the economic activity, by ensuring the efficient mobilization of financial resources towards adequate productive results (Levine, 2005; Arcand et al, 2012). As for the banking sector, it occupies a preponderant place in the economic process by contributing significantly to the financing of the economy, the setting of prices, the valuation of financial investments and the mitigation of inherent risks. Banks are thus a main component of the economy and their investment decisions are estimated to influence the development of different economic activities in a country. As a result, it turns out that the economic growth and stability of a country are generally stimulated by the proper functioning of its banking sector, which is manifested particularly by an acceptable performance in terms of the optimization of profits or cost minimization (Casu and Girardone ,2005). To achieve their objectives, banks are encouraged to use their resources efficiently in financing the economy. It therefore becomes essential for the regulatory and managerial authorities of banks to ensure the efficiency of the latter. Accordingly, empirical studies covering the efficiency of the banking system are getting additional consideration over the last years. Nonetheless, banks operate in a fluctuating competitive environment: Technological development, rapid-growth information flows, tight regulations and continuous multifold reforms stimulate considerable alterations in banking systems; namely at the level of costs incurred and profits earned.
The interest of this study derives mainly from the specificity of the banking activity in Lebanon and the particularity of the Lebanese banks which operate mostly in a fragile and delicate political and economic climate marked by a high public debt (85 billion dollars in 2018 or almost 152% of GDP), a large deficit (constituting almost 11% of GDP), a remarkable level of corruption (the 138th rank out of 180 countries in the 2018 ranking of the Corruption Perceptions Index, Transparency International) and a severe competitive environment. Fragility within the economic performance in Lebanon may reduce bank credit quality and increase their risks, which could negatively affect their efficiency and overall costs. To eliminate this risk, banks have to make further effort and thus incur additional costs. This situation encourages Lebanese banks to rationalize the use of their production factors in order to reduce their costs and ensure acceptable profitability to meet economic, financial and regulatory requirements. This paper lays on a parametric approach, established on econometrics techniques, in order to explore the productive performance of Lebanese commercial banks. The parametric approach used is the stochastic frontier analysis (SFA) whereby the efficiency score is calculated through a cost function. The use of the stochastic cost frontier permits the calculation of an isolated random error term that indicates the inefficiency of each individual bank in the used sample of 44 banks. The establishment of the cost frontier will allow in a second phase to evaluate the way in which internal and external factors influence the efficiency scores. This phase is essential in shedding light on the determinants and dynamics of efficiency performance of Lebanese banks.

The remaining part of this paper is structured as follows: Section 2 presents the related banking efficiency literature using the production frontier approaches. Section 3 defines the empirical methodology that will be implemented in this paper. We describe and analyze the data in section 4. The empirical results and findings of the study are presented and discussed in section 5.
2. Review of banking efficiency literature
The evaluation of efficiency within the banking systems has become increasingly popular over the past decade as the number of studies and empirical applications in this area has significantly increased. The literature review reveals a multitude of studies, at the international level, developing the notion of productive efficiency and its determinants within the banking sector. One of the first studies using the production frontiers was that conducted by Sherman and Gold (1985) who used the Data envelopment analysis to measure the efficiency of 14 US bank branches. The Stochastic frontier analysis has been applied also by various authors to assess banking efficiency: Dietsch  and Chaffai (1999) examined the efficiency of the European banks; Mendes and Reblo (1999) measured the level of efficiency in the Portuguese banking sector; Berger and Mester (2001) evaluated the efficiency within the U.S. banking system; and Kumbhakar et al. (2001) studied Spanish banking efficiency levels. Fontani and Vitali (2013) investigated the performance of the Italian banking system from 1993 to 2004 and determined the role of the main factors that portray banks efficiency. On the other hand, few empirical studies have been conducted on the Lebanese banking sector. Ariss (2008) examined the evolution of efficiency in the Lebanese banking sector following the period of deregulation and financial liberalization. The results disclosed that cost efficiency of banks has improved over the examined period and that banks exhibit a minimal level of average cost inefficiency at around 12%. Saad and Moussawi (2008) have evaluated the efficiency of 43 Lebanese commercial banks for the period 1992-2005 using two distinct methods: the Data Envelopment Analysis and the stochastic Frontier Analysis. Their results showed an average improvement in the level of efficiency. In order to assess the efficiency of the sector in producing the conventional outputs over the period 1993-2002, Djoundourian and Raad (2008) evaluated in their study the main performance indicators of the Lebanese banking sector. The stochastic production and cost function estimates indicate that bank level inefficiency declines over the studied period and increases in function of some variables such as number of branches and ratio of staff to operating expenses. Awdeh and Moussawi (2009) measured productive efficiency scores over the period (1996-2005). Using the DEA method and classifying banks in Lebanon according to their nationality but independently of their ownership structure, they detected some inefficiency of banks with an average cost-efficiency score of 86%.  Elkanj and Zreika (2011) applied the DEA method to calculate the technical efficiency of Lebanese banks according to their size over two sub-periods (2002-2006) and (2006-2009). They concluded that the large banks are those with the highest level of technical efficiency and noted that the average technical efficiency of the 40 banks in the sample improved after the financial crisis of 2007.
3. Research Methodology 
Bank performance evaluation relies whether on accounting-based techniques or on economics-based techniques. Accounting-based examination of bank performance focus on available information within the common financial statements to detect the drivers of bank performance such as net profit margin or operating cash flow or return on equity/assets. On the other hand, techniques based on economics studies concentrate on the concept of efficiency based on the construction of frontiers. This measure of efficiency is calculated as the distance that separates a given bank from a best-practice frontier relatively to the lowest cost or highest profit bank in the observed sample.
Commonly, frontier techniques fall into two main categories: the parametric approach (such as the stochastic frontier analysis-SFA) and the non-parametric approach (mainly the data envelopment analysis-DEA). In this empirical study, a SFA model, which allows the specification of a composed error, is used to estimate the efficiency.
The pioneer authors of the stochastic formulation of the parametric frontier are Aigner, Lovell and Schmidt (1977), and Meeusen and Van den Broek (1977) who simultaneously and independently introduced the notion of the random effect to take into account the errors of estimation (Timmer, 1971) or exogenous variables beyond management control (Aigner and Chu, 1968). This proposition is introduced to compensate for the shortcomings attributed to the deterministic frontier. The estimation of the stochastic frontier is done only using econometric techniques without any recourse to mathematical programming like the non-parametric approach (DEA). As for the DEA, it does not account for the presence of a random error term, thus, any deviation from the productive frontier is explained as inefficiency. The stochastic frontier method, called compound error model, divides the error term of the statistically estimated production function into two variants, which allows the transition from a deterministic frontier to a stochastic frontier (Worthington, 2001):
· The first variant, a one-sided error, represents the technical inefficiency specific to each decision-making unit. This term follows a skewed distribution on only one side of the frontier explained as inefficiency increases cost in a production function and reduces output in a cost function. The stochastic frontier requires a prior hypothesis on the distribution of the inefficiency term. It is best to commit to a general and flexible specification and let the data establish the most suitable correct distribution. To be greater than zero, several distributions are accepted in the literature such as the truncated normal law proposed by Stenvenson (1980), the gamma distribution (Greene, 1980), the semi-normal law and the exponential law.
· The second variant is that of the random error effect, combining both measurement errors and exogenous effects that cannot be controlled by the unit. This term is assumed to be identically and independently distributed on each side of the production frontier according to a normal distribution, with zero expectation and variance σ² such that N (0, σ²). The symmetric distribution is explained by the fact that the measurement or specification error term, and depending on its nature, can be added to or subtracted from the frontier.
The justification for such a breakdown comes down to the idea that a production process whose planning has been prepared in an optimal way ex-ante can provide partly random production levels. This is how it is possible for some units, through the use of the stochastic frontier, to lie above the frontier (Daouia et al. 2020). This situation occurs when a unit has not only ensured an optimal planning of its production process but has also taken advantage of more beneficial states of effects or random variables than the average. In the same manner, the efficiency estimates deduced by this approach have statistical properties and therefore the results are easily validated by econometric tests. Compared to the non-parametric approach, the parametric approach is less sensitive to extreme values.

To measure the level of productive efficiency in the Lebanese banking context, we estimate a translogarithmic cost function which is flexible in nature (Christensen et al. 1973). This form makes it possible to take into account both the multi-product nature of banks, which makes it possible to mitigate the problem of heterogeneity of banking output and the complexity linked to production technology. Our designated base specification for the Translog cost function includes three types of banking products (Remunerated Assets, Off-Balance Sheets, and Bank Deposits) and three input prices.
We measure cost efficiency by adopting the stochastic frontier model in unbalanced panel data proposed by Battese and Coelli (1995) which separates, at the level of inefficiency, a deterministic component representing the variables that we aim to test its impact on the efficiency scores. The importance given to the production frontier estimated in the presence of a data panel comes down to the fact that this panel ensures a more precise evaluation of efficiency since the consistency of the estimator becomes more important when the number of periods or observations rises (Schmidt and Sickles, 1984). Thus, our work consists in simultaneously determining in a single step the efficient cost frontier and the explanatory variables of the level of efficiency displayed by the banks in our sample (Kumbhakar and Lovell, 2000; Wang and Schmidt, 2002; Cornwell and Schmidt, 2008). The establishment of a link between the efficiency scores and the structural variables already defined is thus ensured through the direct incorporation into the stochastic specification of these variables, which allows us to carry out this estimation in a single step. The estimated Translog cost function is described as follow:
= +  +   +    +  +  +                               (1)
Given the following variables:
· CTnt : the function of total cost of the banks made up of financial and operating costs will be estimated for each bank n in year t
· Y(it) : the selected outputs (i=1,2,3) ;
· P(jt) : the prices of the selected inputs (j=1,2,3) ;
· 
: representing the random terms assumed to follow a normal law  and which are identically and independently distributed; 
· 
: The asymmetric variable, distributed on one side of the frontier, introduced to intercept the level of inefficiency in the banking production process. In order to take into consideration the impact of the explanatory variables of efficiency, we assume that this term follows a normal distribution law truncated at zero: [image: ] independent of that of  ; with  such that 
[bookmark: _GoBack]In this specification,  represents a vector of (p×1) variables capable of explaining the efficiency scores of bank n in year t and [image: ] describes a vector of (p×1) parameters that will be estimated.
By introducing our eight explanatory variables of efficiency, the equation  is rewritten as follows: 
V1) + V2) + ) + V4) + V5) + (V6) + (V7) + V8)                                                                        				(2)
The Translog form makes it possible to take into consideration the crossing between the different explanatory variables without any restriction imposed a priori on the characteristics of the production technology. Similarly, this form satisfies the assumption of price homogeneity through the inclusion of a set of linear restrictions on the parameters. Standard symmetry constraints are also imposed.
The set of parameters of the equation as well as the terms associated with the variances of the random variables ( +  ) :   et    are estimated in one step using the maximum likelihood method. The parameter γ is comprised between 0 and 1. A value equal to 1 means that inefficiency explains all the deviation from the frontier, while a value of zero indicates that all the deviation from the frontier comes from random shocks. Thus, a value between 0 and 1 reflects variation that is due to both inefficiency and random shocks.
[bookmark: _Toc24706190]In a last step, the Hausman specification test was used to determine the presence of fixed effects (the case where there is a correlation between the specific effects and the explanatory variables of the model) or random effects (when the specific effects are orthogonal to the explanatory variables of the model). This test follows a Chi-square law with (k-1) degrees of freedom. We used a significance level of 10% with the null hypothesis" the random effects model is appropriate" and the alternative one is" The fixed effects model is appropriate". The results of the Hausman test, performed with e-views, are presented in table (1).

	Correlated Random Effects - Hausman Test

	Test cross-section random effects

	Test Summary
	Chi-Sq. Statistic
	Chi-Sq. d.f.
	Prob.

	Cross-section random
	14.89095
	8
	0.0613


Table (1): Hausman Test results
The probability of the Hausman test is lower than the retained threshold of 10% and thus the null hypothesis is rejected and the adequate model for our study is the fixed effects model. Practically, this model assumes that the regression coefficients are similar for all the units examined except for a fixed effect which is specific to each unit. This is possible by combining the true variables that explain the basic model with indicative variables specific to units and periods. The fixed effects model will thus allow us to take into account the specific aspect of each bank in the study of the existing relationship between the level of efficiency and the factors that are examined (endogenous and/or exogenous factors).
4. Data and variables specifications
The objective is to measure, for a given level of output, the degree of similarity between the costs borne by each bank and those generated by the best practice banks.
Therefore, the estimation of a cost frontier for commercial banks in Lebanon requires the definition of outputs and inputs that will be retained in the banking production process. For the measurement of bank outputs and inputs, a hybrid approach, which is consistent and similar to that adopted by several authors such as Altunbas et al. 2001; Grigorian and Manole, 2002, is chosen. The inclusion of off-balance sheet activities will allow subsequently incorporating a certain level of risk in our specification and to also taking into account the different variables expressing managerial preferences, banking activity at the macroeconomic level, the degree of risk, agency theory, etc. It remains to be noted once again that theoretical studies relating to the banking field unquestionably find it difficult to accept a unanimous definition of the banking activity. We believe that the approach adopted offers a global vision of banking production in general and of Lebanese banking activity in particular.
· The total cost incurred by the banks, according to the hybrid approach, includes:
· Financial expenses including interest paid by the bank and similar charges.
· Operating expenses encompassing expenditure on labor and physical capital.
· The inputs are:
 1) Financial capital: We retain the financial charges corresponding to the remuneration of bank liabilities in the form of interest expenses (Grigorian and Manole, 2002; Weill, 2006a). This production factor is taken into account because it constitutes on average more than 70% of the total banking charges of commercial banks in Lebanon;
 2) Labor factor measured by personnel costs expressed in monetary units and 
3) Physical capital measured by fixed assets.
· The outputs are:
 1) Bank deposits which include demand deposits, savings accounts, term accounts and deposits with overseas branches; 
2) Total interest-bearing assets, which essentially include the portfolio of loans granted to customers (individuals and businesses). The choice of loans as output is adapted to the traditional activity of banks on the one hand, and on the other hand, it constitutes the most important service offered by banks. Interest-bearing assets also include the portfolio of financial securities including bonds and other fixed or variable income marketable securities and
3) Off-balance sheet activities, following the example of Blancard and Chauveau (2004), included as an indicator of sensitivity to market risk.
We have adapted the following input prices:
1) The price of financial resources as the ratio of financial charges to total deposits.
2) The price of the labor factor as the ratio of wage costs to the total number of employees
3) The price of physical capital as the ratio of operating overhead to the number of branches.

	Inputs
	Price of inputs
	Outputs

	
I1: Financial capital
	
P1: 
	
O1:Deposits

	I2:Labor factor
	


	
O2: Remunerated assets

	I3:Physical capital
	

	
O3: Off-Balance activities


[bookmark: _Toc24706184][bookmark: _Toc5086190][bookmark: _Toc24706185]Table (2): Summary of all the variables used in the adapted model of the production frontier

The statistical analysis of the variables selected for commercial banks in Lebanon reflects a development of banking activity during the period from 1992 to 2016. In fact, all the variables presented in table (3) have experienced a considerable increase for the period observed. The statistics calculated reveal homogeneity at the level of the sample of commercial banks selected because the dispersion, represented by the coefficient of variation, of the various variables listed in this table remains relatively stable with a slight increase for the period considered. Off-balance sheet activities also increased on average, which explains the use of non-traditional activities and additional risk-taking by banks. Indeed, this variable, as shown in figure (1), displays a large fluctuation in the dispersion over time. Its coefficient of variation varies between [1.38-3.31] for the period studied and thus displays the greatest dispersion among the variables retained. This dispersion reflects the risky nature of off-balance sheet activities. 





	
Variables
	Descriptive statistics
	1992
	1998
	2004
	2010
	2016
	1992-2016

	Deposits
	Average
	238
	989
	2027
	4760
	8419
	2959

	 
	Standard deviation
	305
	1405
	3150
	7818
	11418
	3816

	
	Coefficient of Variation
	1.28
	1.42
	1.55
	1.64
	1.36
	1.29

	
	Minimum
	3
	4
	8
	5
	8
	3

	
	Maximum
	1094
	5823
	13621
	37458
	54203
	54203

	Off-Balance
	Average
	30
	149
	440
	819
	2428
	687

	 
	Standard deviation
	41
	242
	1275
	2601
	5392
	1689

	
	Coefficient of Variation
	1.38
	1.62
	2.9
	3.18
	2.22
	2.46

	
	Minimum
	0.2
	0.0
	2.4
	0.0
	0.0
	0

	
	Maximum
	206
	1055
	8321
	15950
	32450
	32450

	Remunerated assets
	Average
	276
	1181
	2379
	5571
	9742
	3376

	 
	Standard deviation
	341
	1682
	3699
	8880
	13235
	4268

	
	Coefficient of Variation
	1.23
	1.42
	1.55
	1.59
	1.36
	1.26

	
	Minimum
	9
	11
	42
	48
	48
	9

	
	Maximum
	1256
	6737
	16120
	41725
	62760
	62760

	Interest and charges paid
	Average
	14
	86
	95
	192
	371
	140

	 
	Standard deviation
	17
	130
	146
	296
	513
	141

	
	Coefficient of Variation
	1.2
	1.52
	1.53
	1.54
	1.38
	1.01

	
	Minimum
	0.09
	0.01
	0.14
	0.04
	0.10
	0.01

	 
	Maximum
	56
	540
	587
	1294
	2555
	2555

	Personnel expenses
	Average
	3
	11
	18
	43
	84
	29

	 
	Standard deviation
	3
	13
	26
	69
	129
	39

	
	Coefficient of Variation
	1.04
	1.22
	1.42
	1.59
	1.54
	1.36

	
	Minimum
	0.2
	0.1
	0.2
	0.5
	0.8
	0.1

	
	Maximum
	13
	51
	136
	353
	734
	734

	General operating expenses
	Average
	2
	7
	13
	32
	55
	20

	 
	Standard deviation
	3
	9
	18
	49
	85
	26

	
	Coefficient of Variation
	1.03
	1.22
	1.35
	1.54
	1.54
	1.3

	
	Minimum
	0.2
	0.1
	0.1
	0.4
	0.3
	-0.2

	
	Maximum
	10
	32
	91
	233
	491
	491

	Number of employees
	Average
	0.2
	0.3
	0.4
	0.7
	1.0
	0.5

	 
	Standard deviation
	0.2
	0.3
	0.4
	1.1
	1.3
	0.4

	
	Coefficient of Variation
	0.97
	0.99
	1.15
	1.48
	1.35
	0.82

	
	Minimum
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	
	Maximum
	0.7
	1.0
	1.9
	4.8
	6.6
	6.6


Table (3): Descriptive statistics of selected variables between the period 1992-2016[footnoteRef:1] [1:  All the numbers in this table are presented in billions of Lebanese pounds except for the numbers relating to the number of employees which are presented in thousands of personnel] 



Figure 1: Dispersion of selected variables, measured by the coefficient of variation

Inspired by the work of several authors such as Grigorian and Manole (2002), Andries (2011), Otera et al. (2020), the factors used to explain the efficiency scores of banks in Lebanon are divided into two categories:
A) Factors relating to the macroeconomic context:  
1) The economic growth rate (GDP) approximated by the growth rate of the Gross Domestic Product. This variable captures the impact of economic development on banking performance
 2) The inflation rate (INFL) measured by the rate of change in the consumer price index. In general, inflation is valued as a factor that increases instability by sometimes changing prices unexpectedly. Bank interest rates then become less informative depending on market conditions and operational and control costs increase. These conditions seem to reflect a negative impact of inflation on banking efficiency
B) Factors specific to the banking activity:
These factors are control variables that take into account the impact of banks' strategic choices on their efficiency. In fact, differences in the level and structure of banking activities generally depend on the internal decisions of each bank and might generate differences in efficiency between the banks concerned (Weill, 2006b). We retain the following six variables:
1) The level of liquidity (LIQ) measured by the ratio of liquid assets to total assets.
2) The level of capitalization (CAP) measured by the usual ratio of shareholders' equity to total assets
3) Return on assets (ROA) measured by the ratio of net profit to total assets.
4)  The size of the balance sheet (TA) measured by the logarithm of total assets
5) Credit risk (RISK) assessed by the ratio of provisions for risks and charges to total assets.
6) The level of diversification of bank income (DIV). The level of diversification will be based on an index that will calculate the share of income from the diversified activity in relation to total banking income inspired by the methodology adopted by Baele et al.(2007) and Laeven and Levine (2007).
According to the table (4), the correlation coefficients do not exceed a maximum of 0.4 for the various independent variables thus there is not a strong correlation between these variables and we can affirm that the multicollinearity between the variables does not constitute a problem within the framework of our work. Subsequently, the regression model including our explanatory factors of efficiency can be retained.

	 
	GDP
	RISK
	ROA
	CAP
	ACT
	DIV
	INFL
	LIQ

	 GDP 
	1
	
	
	
	
	
	
	

	 RISK 
	0.004
	1
	
	
	
	
	
	

	 ROA 
	0.065
	0.010
	1
	
	
	
	
	

	 CAP 
	-0.047
	-0.003
	0.263
	1
	
	
	
	

	 ACT 
	-0.151
	0.005
	0.041
	-0.245
	1
	
	
	

	 DIV 
	0.011
	-0.001
	0.031
	0.061
	-0.049
	1
	
	

	 INFL
	0.084
	-0.002
	-0.072
	-0.171
	-0.280
	-0.087
	1
	

	 LIQ 
	0.082
	0.018
	0.262
	0.366
	-0.080
	0.012
	-0.001
	1


Table (4) Correlation matrix between independent variables

The data used was collected from the annual statistical series provided for each bank in Lebanon by the banking database “BilanBanques”. In order to avoid any problem related to a lack of homogeneity in the banking production process, the sample includes exclusively of commercial banks operating in Lebanon; thus investment banks are omitted in order to eliminate the risk of including a problem of heterogeneity, which would be likely to alter the basic assumptions of the efficiency frontier estimation method. The choice of banks in our sample thus respects the criterion of homogeneity in terms of their activities, the applied technologies as well as the prevailing environmental factors. We thus have a sample of 44 commercial banks for which we have collected all the annual accounting information useful for our analysis through the balance sheet and the income statement. The “BilanBanques” banking database also enabled us to collect, for each bank, statistics on the number of branches and the number of employees. Therefore, the study will be carried out on an annual basis and therefore an efficiency score will be derived each year for the banks considered. We believe that the statistical data needed to conduct our empirical study on banking efficiency are sufficiently representative of the majority of commercial banks operating in Lebanon. The study period extends over 25 years, from 1992 to 2016. The choice of this period seems interesting to us because the Lebanese banking sector has witnessed, throughout this period, major changes through the industry restructuring, the imposition of prudential regulations and political and economic events. These changes undoubtedly had implications, direct or indirect, on the performance of the Lebanese banking sector.
5. Empirical Results
We evaluate, at this level, the reliability of the parameters of our stochastic cost frontier obtained by the maximum likelihood method. The evaluation of the reliability is ensured using the test of the LR (Likelihood Ratio) statistic which follows a Chi-square with r degree of freedom equal to the number of restrictions imposed in the null hypothesis, i.e. r = 10 in our model. The model obtained is valid if the parameter γ as well as the coefficients (ϑ) of the variables influencing banking efficiency are all different from zero.
Our test hypotheses are as follows:

· null hypothesis (H0):=========== 0		(3)
· Alternative hypothesis (Ha): all the coefficients are different from zero.

The estimated parameters of the Translogarithmic function are presented in table (5)
The empirical value LR=873 obtained is largely superior to the theoretical value of Chi-square at 10 degrees of freedom. The null hypothesis is then rejected and we can say that  is different from zero. We can conclude that our model is globally explanatory. The Gamma parameter ( ) is significantly different from 0. This result shows that the error term   cannot be discarded from the regression since the decomposition of the error term between random noise and inefficiency term is justified.
	Variables
	Parameters
	Coefficient
(t-ratio)

	Constante
	β0
	-0.051517
(-4.250*)

	LNY1
	α1
	0.914088
(7.350*)

	LNY2
	α2
	0.330434
(2.967*)

	LNY3
	α3
	-0.234214
(-6.254*)

	LNY1LNY1
	δ1 
	-0.034169
(-2.377**)

	LNY1LNY2
	δ2
	0.002229
(0.111)

	LNY1LNY3
	δ3
	0.006918
(1.214)

	LNY2LNY2
	δ4
	0.019490
(2.365**)

	LNY2LNY3
	δ5
	0.022764
(4.025*)

	LNY3LNY3
	6
	-0.009794
(-6.628*)

	LNP1
	β1
	0.769880
(11.278*)

	LNP2
	β2
	0.073602
(0.710)

	LNP3
	β3
	-0.216734
(-3.244*)

	LNY1LNP1
	ρ1
	-0.022381
(-1.874**)

	LNY1LNP2
	ρ2
	-0.020810
(-0.814)

	LNY1LNP3
	ρ3
	0.002598
(0.152)

	LNY2LNP1
	ρ4
	0.073272
(6.844*)

	LNY2LNP2
	ρ5
	0.024500
(1.049)

	LNY2LNP3
	ρ6
	-0.029064
(-2 **)

	LNY3LNP1
	ρ7
	0.022078
(4.535*)

	LNY3LNP2
	ρ8
	-0.013581
(-1.459***)

	LNY3LNP3
	ρ9
	0.027794
(5.112*)

	LNP1LNP1
	γ1
	0.013780
(7.288*)

	LNP1LNP2
	γ2
	-0.023385
(-1.337)

	LNP1LNP3
	γ3
	-0.123657
(-11.455*)

	LNP2LNP2
	γ4
	0.018769
(1.723***)

	LNP2LNP3
	γ5
	-0.021821
(-1.503***)

	LNP3LNP3
	γ6
	0.001263
(3.484*)

	sigma-squared
	0.706                       t-ratio : (13.123*)


	Gamma
	0.997                   t-ratio :  (2160.286*)


	Log likelihood function
	817.87306


	LR test of the one-sided error
	873.26716



[bookmark: _Toc24706259]Table (5): Results of the estimation of the stochastic cost function
 (*), (**), (***): mean that the coefficients obtained are statistically significant at a threshold of 1%, 5% and 10% respectively.
	
	Stochastic frontier 

	Mean
	0.88

	SD
	0.19

	CV
	0.22

	Min
	0.48

	Max
	0.98


[bookmark: _Toc5086195][bookmark: _Toc24706193]Table (6): Descriptive statistics of cost efficiency for the period 1992-2016
Based on the results, Lebanese banks show average cost efficiency score of 88% over the period studied. In other words, some Lebanese banks only exploit their inputs at 88% while not reaching their optimal production potential. That said, banks can reduce their cost by up to 12% compared to the performance of the most efficient banks according to the stochastic frontier. This reduction in the level of cost depends on several factors which must be examined such as the technology used, the quality of the factors of production, the productive dimension of each bank, the differentiation of the products and services offered and the internal management of the bank.
Figure (2) shows the evolution of the annual cost efficiency scores obtained by stochastic frontier over the period from 1992 to 2016.

[bookmark: _Toc21077307][bookmark: _Toc24706037][bookmark: _Toc24706194]Figure 2: Evolution of cost efficiency (1992-2016)

We can generally observe an improvement in cost efficiency over the years. Indeed, the average annual efficiency score increased from 83% in 1992 to 87% in 2016, i.e. an improvement of 5%. Moreover, we note that the evolution of the efficiency scores is stable throughout the period observed. In order to better interpret these results, we examine the dispersion of the efficiency scores obtained (figure 3).

Figure 3: Dispersion of cost efficiency scores (1992-2016)


The figure (3) reflects the level of financial stability of the Lebanese banking sector. A slight reduction in the dispersion of efficiency scores between the years 1992 and 2005 is observed, which is explained by a decrease in the coefficient of variation from 0.23 to 0.09. The attenuation of the dispersion and the improvement of the efficiency for the period 1992-2005 allow us to suggest the existence of a certain phenomenon of convergence at the level of the efficiency between the banks observed, so that the banks which were considered the least efficient in 1992 would have experienced some improvement in their level of cost efficiency. Moreover, the reduction in efficiency volatility can be explained by the introduction of new reforms during this period. In 2007, the coefficient of variation is reduced but does not take long to resume its increase. This increase in dispersion reflects diversity in the efficiency scores, because some banks in the sample are very efficient while others remain far from the frontier.

Following Battese and Coelli (1995), we introduce directly into the stochastic cost function a vector of macroeconomic variables and other bank-specific variables to evaluate their effect on the productive performance of banks. Table (7) shows the results of regression performed using the parametric approach.
	 Variables	
	coefficients

	Constant
	5.36

	ACT
	0.11*

	GDP
	-14.86*

	INFL
	-3.35*

	LIQ
	0.19*

	CAP
	-8.88*

	ROA
	9.23*

	RISK
	0.02

	DIV
	-0.37*


[bookmark: _Toc5086198][bookmark: _Toc24706198]Table 7: Results of Cost efficiency Explanatory factors
(*), (**), (***): mean that the coefficients obtained are statistically significant at a threshold of 1%, 5% and 10% respectively.
There is a negative statistically significant relationship between the “GDP” variable and cost efficiency. The economic growth rate negatively affects cost efficiency in the case of banks operating in Lebanon over the period 1992-2016. However, the majority of studies on banking efficiency report a positive contribution of economic growth to productive performance (Grigorian and Manole, 2002; Maudos et al.. 2002, Hasan et al. 2009; Garza-garcia, 2011; Moussawi and Salloum, 2013 and Vu and Nahm, 2013). These studies consider that a phase of favorable economic growth improves banking productive efficiency because the probability of default decreases and therefore the quality of credits improves, which reduces the share of non-performing loans in total credits. This situation thus enables banks to better control risks and ensure sound management of production factors involving a reduction in costs. In the Lebanese case, the instability in the level of economic growth which is often accompanied by an increase in failures and a decrease in the demand for financial services as well as the absence of visible productive public expenditure have attenuated the positive contribution of economic growth on the productive performance of banks. Another interpretation of this negative relationship is that during periods of economic growth, banks have greater incentives to innovate and adopt more sophisticated production techniques, which increases the costs incurred and thus explains the reduction in efficiency. Our result coincides with that of Liu and Wilson (2011) who find a negative relationship between the level of GDP and bank efficiency. The authors suggest that a phase of economic growth intensifies competition by reducing barriers to entry and thus increases operational costs and dampens profits.
The results show a negative relationship between the variable “INFL” and bank cost efficiency. This relationship is statistically significant at the 1% level. The inverse relationship between inflation and the cost efficiency obtained is consistent with certain studies analyzing the productive performance of the banking sector. Revell (1979) notes that inflation affects bank performance by increasing operational costs within the banking sector. For Perry (1992), the impact of inflation on bank performance depends on adequate forecasts of price levels. In their empirical study on the determinants of banking efficiency, Barth et al.. (2013) find a statistically significant negative relationship between bank efficiency and the level of inflation. They therefore consider that an environment marked by lower inflation rates remains more favorable to efficient banking activities. Indeed, in an inflationary period, interest rates on loans granted by banks increase, which increases income. Nevertheless, the level of inflation may not be adequately anticipated by the banking sector, so that interest rates are not correctly adjusted. This leads to a possibility that the increase in banking costs exceeds that of income, leading to deterioration in the cost efficiency of banks. In other words, the interest paid by banks exceeds the interest received, which reduces the bank interest margin, and subsequently creates pressure on operational costs. On the other hand, if banks manage to adjust costs in accordance with the estimated increase in the general price level, inflation will contribute to an improvement in productive performance.
The coefficient associated with the “LIQ” variable shows a positive and statistically significant relationship at the 1% level between efficiency and the level of liquidity
According to the results obtained, bank liquidity positively influences bank cost efficiency. This shows that even if the banks grant loans according to the level of deposits available to them, they remain capable of maintaining a level of liquidity that allows them to honor commitments and avoid the risk of cash shortages. This liquidity risk management thus demonstrates good banking performance in Lebanon. As a result, banks are not forced to borrow funds at an excessive cost which will penalize their performance and subsequently their cost efficiency. Some banks also consider that the increase in bank liquidity is manifested by inefficiency in the transformation of their resources. This observation is interpreted by the preference of these banks to direct their resources towards cash uses with limited remuneration but less risky than loans to customers. Athanasoglou et al. (2008) find a negative relationship between liquidity risk (implying reduced liquidity) and bank performance. On the other hand, Molyneux and Thornton (1992) showed that the increase in the share of liquid assets in the bank balance sheet reduces the profitability of assets because of the immobilization of resources and this is how excessive liquidity acts negatively on bank performance. This result is also validated by Ariff and Can (2008) and Repkova (2015) who conclude in their studies that liquidity risk has a positive impact on banking efficiency. 
The results show a statistically significant negative relation at the 1% level between cost efficiency and bank capitalization. A large part of the studies evaluating the relationship between the capitalization of banks and their level of efficiency show that the most capitalized banks are the most efficient ones (Fiordelisi et al. (2011); Barth et al. (2013)). Indeed, banks with a high capital ratio are sheltered from solvency risk since the probability of bankruptcy of such banks is very low. This is how they can access the funds available on the market at lower costs with more advantageous conditions than the less capitalized banks (Bourke, 1989). It normally emerges that a high level of capitalization increases the capacity of banks to absorb losses and reduces their risk and consequently leads to high cost efficiency. In the same line of ideas, Grigorian and Manole (2002) claim that banks with higher levels of capital have a greater ability to collect deposits than other less capitalized banks. Bank capitalization is thus considered as insurance for the attractiveness of deposits. Chortareas et al. (2013) similarly consider that bank capitalization reduces agency problems between shareholders and management and thus ensures bank efficiency. The negative relationship between capitalization and bank efficiency that was observed in our study coincides with the results obtained by Berger and Bonaccorsi di Patti (2006) for a study on a sample of American banks and by Altunbas et al. (2007) for a study on a sample of European commercial banks. These authors note that the least efficient banks are those with a high level of capitalization. This negative relationship can be explained by the fact that our calculation of the ratio of equity to total assets does not take into account the risk weighting. This finding shows that the most capitalized banks in our case are those that engage in risky activities, which translates into high risk taking, which subsequently leads to an increase in banking costs.
The relationship between efficiency and the measure of bank profitability (ROA) is positive as theoretically, a decision to strengthen profitability taken by the bank leads it to choose its factors of production efficiently while reducing costs.
The coefficient associated with the “ACT” variable shows a statistically positive relationship at the 1% threshold according to the stochastic frontier. In the banking literature, there is no total consensus regarding the effect of size on the productive efficiency of banks. Some authors, such as Berger et al. (1992), Molyneux and Thornton (1992), Bikker and Hu (2002), Grigorian and Manole (2002), Goddard et al. (2004), Altunbas et al. (2007) and Moussawi and Salloum (2010), found a positive relationship between the size of banks and their productive performance. This relationship is justified by the ability of large banks to reduce costs, due to the economies of scale they can achieve. Hauner (2005) considers that the positive effect of size also comes from the market power possessed by large banks, which allows them to pay less than other banks for the acquisition of factors of production and therefore to increase their cost efficiency. Other authors have found a negative impact of size on efficiency (Isik and Hassan, 2002, Chen and Dahlman, 2005). This negative link can be explained by the fact that large banks tend to embark on growth strategies of an aggressive nature which affect their cost management and their performance. For some authors like Stiroh (2004), the increase in the size of the bank makes its internal management difficult and subsequently negatively affects its performance
The coefficient associated with the "RISK" variable is not statistically significant and subsequently it is difficult to decide on the nature of this relationship within banks operating in Lebanon. In the literature, some authors have found a positive correlation between credit risk and cost efficiency, which implies that the most efficient banks are those with the highest level of credit risk (Delchand and Padgett, 2009). This is how these banks tend to charge high interest on loans, which allows them to generate significant interest margins and therefore cover their production costs. Subsequently, they appear to be cost efficient. On the other hand, Berger and Deyoung (1997) and Podpiera and Weill (2008) found a negative relationship between risk and efficiency, which reflects the importance of a rigorous total risk management policy. Banks, having a high proportion of provisions for credit losses in relation to total credits, thus suffer from high operational costs linked to the low quality of credits and their poor management. This situation pushes banks to deploy their resources towards moral random strategies to mitigate the problem of non-performing loans. As a result, banks incur additional burdens that are associated with loan appraisal, credit function internal control, credit risk transfer tools such as loan securitization and creditor arrangement costs. Thus, the deterioration of the quality of claims increases the risk and the associated costs and thus reduces the cost efficiency of the bank.
There is a statistically significant negative relationship between the “DIV” variable and cost efficiency at the 1% threshold according to the stochastic frontier. Our result is consistent with that of several studies conducted in this context. Boyd et al. (1993) note that banking diversification generates higher risks compared to traditional activities. This is how the cost manifested by the diversification strategy exceeds the benefit that can be generated, so the overall performance of the bank decreases. Deyoung and Roland (2001) show that diversification of banking activities increases profit volatility, reduces stability and subsequently increases banking costs and associated risks. In the same line of ideas, Acharya et al. (2006) indicate that the diversification of activities reduces the performance of banks while increasing the portfolio of risky loans. Additionally, Rossi et al. (2009), conducting a study on the Austrian banking sector, find that diversification negatively affects cost efficiency. Berger et al. (2010) also found a negative effect of diversification on bank performance. By identifying a negative relationship, Goetz et al. (2014) note that diversification affects the behavior of banks with respect to risk taking, which reduces their performance. In the context of our study, the activities carried out by banks in Lebanon in terms of income diversification might be incurring high costs exceeding the potential operational synergies and related to the operation and supervision of these activities. That said the production costs of banks increase and subsequently their cost inefficiency increases. An additional reason that may explain the negative impact of diversification is that the risk associated with diversification activities is greater than the risk associated with traditional activities. This situation may justify the deterioration of bank performance (Boyd et al. 1993) and the effect is also high if the income from different activities is strongly correlated (Chiorazzo et al. 2008).

6. Conclusion
This study examined the productive performance of banks operating in Lebanon using a stochastic cost function. The methodology integrates the risk factor in the banking production function and accordingly, evaluates the efficiency of banks while taking into consideration their risk preferences and some other bank-specific and macro-environmental variables. The results show that 1) there is still a room for further improvement given the average level of inefficiency measured of about 12% for the banks in the sample over the period 1992-2016 and 2) that the causes of this inefficiency are not solely the misallocation of resources, but also several internal and external factors contribute to this inefficiency, such as economic growth, inflation rate, size of banks, return on assets, levels of capitalization and profitability, liquidity and diversification.
This study provides an aid at the managerial level of banks to understand the variables affecting the cost efficiency and thereby to formulate the correct relevant decisions to alter any observed inefficiency.

While evaluating the cost efficiency in the Lebanese banking system, as well as some variables that may influence the level of efficiency, this research exhibits some limitations that will be underlined for future research endeavors. The first limitation is that we didn't expand the list of variables that may influence cost efficiency by introducing additional variables such as corruption index, governance indicator or other country-level variables. The second limitation is that the use of non-parametric approach such as DEA could have been used simultaneously with stochastic frontier in order to test the robustness of the results.
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EC(Stoch)	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	0.83043449053840246	0.83853540123278469	0.84991311912531675	0.85485230445806615	0.8770390002877414	0.9025170631769357	0.90196714995599125	0.90216080425295297	0.91918583189679259	0.92154540526594231	0.91208969277385898	0.9139856367201552	0.90602038725844991	0.89705656164957082	0.90395353644278265	0.89727266776455006	0.86328102346829827	0.85792839714513291	0.84546504431628544	0.88002573037556764	0.84389056308190846	0.83846824830812638	0.85844735532183059	0.87066478266292657	0.86832134773446945	

CV(stoch)	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	0.23526547380229454	0.22228518506628661	0.19907497019758735	0.18301010683039429	0.17652517615821561	6.6611185786593891E-2	8.9878879154210695E-2	8.6019354332929149E-2	0.16643512481205869	0.16433082601166477	0.16693370588046727	8.3225991274932423E-2	0.11287357084917872	0.11221982791606418	9.3011880510152203E-2	0.1284044052345133	0.29467024547140519	0.26156865062838186	0.30679183576091151	0.34942881226523509	0.38568519054208822	0.38579073360260546	0.42082108432489934	0.4182036689682409	0.44229456915230242	
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