
 

FINANCIAL LIBERALIZATION AND COST-EFFICIENCY IN TUNISIAN 

COMMERCIAL BANKS: A STOCHASTIC FRONTIER ANALYSIS 

Ezzeddine ABAOUB1 & Makram NOUAILI2 

Abstract 

The object of this paper is to study the x-efficiency of Tunisian banking system which knew 

important changes further to various measures of financial liberalization adopted by Tunisian 

government. We try in particular to verify empirically the effect of environmental variables on 

levels of banking efficiency. Using a Stochastic Frontier Approach (SFA), for a sample of 17 

universal banks, over the period 1997-2012, our results reveal a level of cost efficiency of 82,82 

% without environmental factors, and 89,58 % considering these variables. In addition, the 

process of financial liberalization in Tunisia did not improve banking efficiency which dropped 

over the period of analysis. Our analysis also showed that banks tend to be more efficient in an 

economy characterized by a strong population density, high returns on assets and equities as well 

as an important ratio of intermediation. However, cost efficiency tends to fall with a high capital 

assets ratio, a greater concentration, and wide density of deposits request as well as a rather 

important per capita income. These variables have to arouse the interest of the decision-makers of 

economic and restructuring policies in our country to direct their strategies and aiming corrective 

actions to promote the performance of banking and financial systems. 

Keywords: financial liberalization, x-efficiency, performance, environmental variables, SFA, 

panel data 

1. Introduction 

Most of the emerging countries began processes of financial liberalization in their 

structural adjustment program, promulgated by the International Monetary Fund and the World 

Bank, by trying to improve the performance and the efficiency of their financial sectors to 

increase their global economic performance. Given that the financial systems in developing 

countries are mainly based on banks, a strong and stable banking system was recommended as to 

be the basis in several programs of liberalization. 

In this context, the Tunisian government established several reforms and measures and 

programs of restructuring since 1986. The main object was to allow the Tunisian banks to 

strengthen their capital bases, to clean up their portfolios of non-performing loans, to reduce the 

property of the state, authorize foreign participation and to increase their levels of efficiency.  

Thus, the objective of our study is to assess the x-efficiency of Tunisian banks during the 

period 1997-2012 using SFA. We will try to answer the following questions: 

Do financial reforms improved Tunisian banks efficiency? 

What is the level of cost-efficiency of Tunisian banks and what are the factors behind the latter? 

The rest of the paper is ordered as follows: the second section deals with the existing 

literature concerning determiners and measure of banking efficiency, mainly specific, 

macroeconomic and macro-financial variables. The third section describes the data used as well as 

the methodology. The fourth section interprets and analyzes the empirical results. Finally, the 

conclusion will be the object of the fifth section. 

2. Measure and determinants of banking efficiency: a review of the literature 
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There is a large literature dealing with banking efficiency and its internal and external 

determiners. A part of these studies assess the determinants of banking efficiency in single 

national markets, but there are also studies that analyze this phenomenon on a sample of countries. 

Among these works we quote those of Miller and Noulas ( 1996 ), Dietsch and Lozano-Vivas ( 

2000 ), Grigorian and Manole ( 2002 ), and Christopoulos and al. (2002), having tried to study the 

effects of the environmental variables on banking efficiency. More recent studies of Halkos and 

al. (2004), Bonin and al.( 2005 ), Fries and Taci ( 2005 ), Drake and al. (2006), Pasiouras ( 2007 ), 

Sufian ( 2009 ), Kauko K (2009), Ben jamin & al. (2013), Barros & al. (2014), Ke wang and al ( 

2014 ), considered the case of the other internal variables to banks and specific to the market, 

being able to explain the differences of efficiency between banks, next to environmental variables. 

Dietsch and Lozano-Vivas (2000) compared x-efficiency of the French and Spanish banks 

over the period 1988-1992. Using DFA approach, they concluded that French banks are more 

efficient than the Spanish banks, with levels of average efficiency respectively of 88 % and 75 % 

throughout the period of study. To explain the origins of these differences of efficiency in both 

countries, they have considered the effect of a set of environmental variables (macro-economic, of 

structure and statutory and of accessibility to banking services). Their results showed positive 

relationship between concentration, per capita income, and efficiency. While variables such the 

ratio of intermediation, demand deposits density and population density illustrate negative 

coefficients and influence negatively cost efficiency 

Hao, Hunter and Young (1999) examined the productive efficiency of a sample of Korean 

banks after the program of deregulation introduced by the government since 1980. Using a set of 

economic, structural and financial variables, they showed that wide banks, with networks of 

branches take advantage better of liberalization and realize higher levels of efficiency.  

 CooK and al. (2000) examined the effects of the financial liberalization on efficiency of 

the Tunisian banking system during period 1992-1997, by using the DEA approach.  They 

proceeded to test the hypothetical relation between efficiency and a set of variables concerning the 

size of assets, credits issues, ownership structure and time. Their results show a negative and 

statistically significant relation between size as well as credits credit issues and efficiency. The 

effect of ownership structure was positive and statistically significant. On the other hand, no 

relation was found between efficiency and the time. 

In the same line, Girardone and al. (2004) studied the main determiners of x-efficiency of 

the Italian banks over the period 1993-1996. Their results show that the inefficiency scores seems 

inversely correlated with capital and positively related to the level of non-performing-loans. This 

will be reflected in the fact that efficient banks pay more attention to the activities of credit 

monitoring. On the other hand, inefficient banks tend to get high margins of interest and networks 

of widened branches with regard to efficient banks. Finally, the study shows that it was no clear 

relationship between size of assets and efficiency. 
 

Weil. L (2004) examined the efficiency of 640 European banks belonging to 17 countries 

over the period 1996-2000. Using a SFA method, he showed that the western European banks are 

more efficient than those east’s. According to the author, this difference is essentially due to 

environmental conditions specific to each zone. 

Bonin and al (2005) studied the effects of ownership structure, especially the strategy of 

foreign ownership on efficiency of 225 banks in the countries in transition. By applying the SFA 

method to estimate the efficiency scores, these authors concluded that privatization is not 

sufficient to improve bank efficiency and public banks are less efficient than private domestic 

banks. These authors found that foreign-owned banks are more cost efficient than other banks and 

offer better services, especially if they have a strategic foreign owner. 

Pasiouras and al. (2007) examined the impact of the internal and external factors on the 

technical efficiency, allocative and cost of the Greek cooperative banks over the period 2000-
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2004. They found that capital has a positive effect on the technical efficiency but it has no effect 

on either the allocative efficiency or on x-efficiency. Their results also suggest a positive 

relationship between size and banking efficiency. Finally, the study demonstrates a negative and 

significant relation between the number of branches and efficiency. Similar results were also put 

back by Pasiouras (2008) by examining Greek commercial banks during the same period and 

using a DEA method. The results indicate that variables such capitalization, higher credit activity 

and market power affect positively banking efficiency. In addition, according to the author, banks 

that have expanded their activities abroad seem to be more efficient than those that run only on a 

national level. 

In the same trail, Sufian (2009) esteemed the efficiency in the Malaysian banking sector over the 

period 1995-1997, using a DEA method. His interest carried essentially, on the effects of variables 

related to ownership structure, banks characteristics and size on the levels of efficiency of banks 

in this country. He found a significant and negative relationship between bank deposits and levels 

of efficiency. This implies that banks with small market shares are less efficient than banks with 

large market shares. On the other hand, the results show that credit institutions which have ratios 

of loans to total assets have higher efficiency scores. This positive relationship can be explained 

by the efficient market hypothesis, in fact the most efficient banks can achieve lower production 

costs, enabling them to offer more reasonable credit and gain market share from larger inefficient 

banks. In addition, the variables of ownership structure, size and profitability have a positive and 

significant effect on the efficiency of the Malaysian banking sector. He explained this by the fact 

that private banks, large banks or those with high profitability are more efficient than public 

banks, small banks or those with low levels of profitability. 

Zhang and al (2012) examined the performance of banks Measured by their efficiencies. Using a 

stochastic approach to a sample of 133 Chinese Commercial banks in 31 regions over the period 

1999-2008, they concluded that performance of banks is Strongly Influenced by the effectiveness 

of law enforcement in the region. In addition, they showed that a better legal environment, 

increased efficiency in the legal system and strengthening the protection of intellectual property 

rights are associated with a higher level of efficiency between banks. 

Das and Kumbhakar (2012) contribute further to research on bank efficiency and productivity. 

Their study applies an innovative methodological concept by capturing the qualitative aspects of 

inputs/ outputs in modeling bank efficiency and productivity. The study covers the period from 

1996 to 2005. The results indicate that there was an improvement in bank efficiency levels from 

61 % to 72 % in 1996 and 2005 respectively. In addition, they show that the improvement in bank 

efficiency levels in the private banks was higher compared to domestic banks.  

A recent study by Casu and al. (2013) examines the impact of regulatory reform on 

productivity growth and its components for Indian banks from 1992 to 2009. They argue that 

productivity growth is driven mainly by technological progress. In addition, their results indicate 

that different ownership types react differently to changes in the operating environment. The 

result unambiguously indicates that foreign banks become increasingly dominant and their 

production technology becomes the best practice in the industry in India. 
 

 

Ben jamin and al (2013) discussed a new approach to controlling for the environment 

when estimating efficiency. In response to the literature on the international comparison of bank 

efficiency, they draw the attention to a local dimension of comparison. By introducing 

geographical weights and estimating local frontiers for each US savings bank over 2001–2009, 

they found that the bank technical efficiency is higher for most banks in comparison to a fixed-

effects approach. This result highlights the importance of taking into account the local 

environment and constraints while analyzing banks’ performance, so as not to consider the factors 

that are exogenous to these institutions as inefficiencies. Further analysis could improve the 

weighs calculation by employing other measures of interconnectedness besides geographical 

distance. 
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Barros and al. (2014) analyzed efficiency in Brazilian banks over1998-2010 with a 

Bayesian dynamic frontier model. On average, the dynamic frontier results, estimated via the 

Markov Chain Monte-Carlo simulation, indicate that Brazilian banks improved in terms of 

efficiency over time. Factors found to be important determinants of cost efficiency include public 

banks and foreign banks that are statistical insignificants, merger and acquisitions, big banks, 

deregulation and stressed banks that are statistical significant. Big bank and deregulation are the 

only variables that decrease costs in the Brazil market.  

 Ke wang and al (2014), in their study of Chinese banks (2001-2013) and using DEA 

approach to disaggregate, evaluate and test the efficiency of 16 major Chinese commercial banks 

during the reform period. They showed that foreign banks exhibit a higher level of efficiency than 

domestic banks, while big banks revealed sores of efficiency lower than the small banks. In 

addition the inefficiency of the Chinese banking system primarily results from the inefficiency of 

its deposit producing sub-process and the overall efficiency of the banking system improves over 

the study period because of the reform. 

In view of the foregoing study, with respect to the determinants of cost-efficiency in the Tunisian 

banking industry, the following hypotheses were tested: 

H1: there is a positive relationship between financial reforms and banking efficiency. 

H2: Environmental variables improve cost-efficiency 

Leaving of this frame work, and referring to works of Staikouras. C and al (2007), Bos and 

Schmiedel (2007) for the study of the banking efficiency, we are going to lead, in a first shutter, 

an analysis with the basic model of stochastic approach to measure the cost efficiency of the 

banking sector in Tunisia over the period 1997-2012. In a second shutter, we are going to 

introduce, environmental variables, to estimate, deduct, and compare the scores of efficiency 

pulled by these two studies. 

3. Data, descriptive statistics and methodology 

3-1 Sample and Data 

We constituted a database of panel type which concerns 17 Tunisian banks (appendix1) 

over the years 1997-2012, on an annual base. The used data are fired from annual reports of the 

Tunisian Professional Association of Banks and Financial institutions APTBEF and the Central 

Bank of Tunisia (BCT). We also used the data included by the statistics of the National Institute 

of the Statistics (INS) and the database of the World Bank.  

3-2. Specification of the stochastic model 

We are interested in the Stochastic Frontier Approach, which allows estimating a border 

function taking into account simultaneously random error and a component of specific 

ineffectiveness to each bank. Even if the traditional methods of estimation (Luis Orea and Subal 

C. Kumbhakar 2006) take into account the random error, they estimate an average function and 

not a border function. Thus, they are incapable to decompose the gap between the esteemed 

function and the observations in terms of ineffectiveness and random error. 

According to the theoretical foundations of the allocative efficiency, the technical 

efficiency and the x-efficiency, the border of efficiency represents all the most effective points. 

The distance of every observation compared with this border represents its degree of 

ineffectiveness. However, the empirical observations can deviate from the border for two 

additional reasons: on one hand, the existence of errors of measure in any observed variable and 

the presence of exogenous shocks (favorable or unfavorable) on the other hand. 

The random component follows a normal symmetric distribution, whereas the component 

ineffectiveness follows an asymmetric distribution, defined positively for a cost function and 

negatively for a production function. 
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Consequently, we can define the effective border of the costs, (Kumbhakar and Lovell on 2000) 

for a sample of N firms by the following function: 

lnCTit = ln C(Yit, Wit,Zit, β) + εit,              

Where εit =  vit +µit  for every bank, i = 1,..,N. 

CTi :  Total cost of bank i 

Yi : Outputs’ vector of bank i  

Wi : Inputs’ vector of bank i 

Zi : Environmental variables 

β: Vector of parameters 

µi: the measure of the inefficiency of the bank i. 

 µi follows a truncated normal asymmetric distribution or a semi-normal distribution, and it is 

positively defined for a function of cost (negatively for a function of production) what means a 

strictly positive correlation between both notions, what makes that more banks are inefficient 

more raised are the costs  and inversely. In addition we  note that the term of inefficiency µi is 

characterized by the absence of a theoretical model allowing to specify in priori a particular 

distribution, but the most retained in the literature are the laws: semi-normal, normal truncated or 

exponential. 

vi : is the term of error (random shock) which follows a normal symmetric distribution  around the 

border, (N (0, σ2
v).  Furthermore, we suppose that µi and ʋi are independent. 

 

Staikouras. C and al (2007), Bos and Schmiedel (2007) estimate the function of cost efficiency 

using a specification Translog which appears as follows: 
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i = (1…….17): number of banks 

t = (1…….16): years of study (1997-2012) 

j= (1….3): number of factors 

k= (1, 2): number of outputs 

h= (1…. 3) and l = (1, 2): parameters of inputs prices and outputs 

m= (1… 9): number of environmental variables 

The specification above contains 34 parameters of interest to be esteemed. To decrease this 

number of parameters and consequently, to win in terms of degree of freedom, we are going to 

introduce several limitations. However, so that the Hessian cost function is symmetric, the 

following limitations must be imposed: 
 

αhj= αjh  jh,    et   βkl =βlk  lk,                                                       (symmetry constraints) 

 

Furthermore, any function of cost must be homogeneous of degree 1 in the taken of the 

inputs. So, a proportional increase of all prices increases the total cost in the same proportion 

without affecting the factors request. This condition of homogeneity is translated by the following 

limitations: 
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All these constraints of symmetry and homogeneity reduce appreciably the number of 

parameters to estimate. Jondrow and al. (1982) showed that the variability σ could be used to 

measure the average efficiency of a bank, where σ
2
=σv

2
+σµ

2
, and that the inefficiency level of 

each bank in the sample is given by the average and the mode of the conditional distributions E 

(µi/ i ) and M (µi/ i ), with: 
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Where Ei is the x-efficiency of the i
ème

 bank, Φ is the function of cumulative normal 

distribution, Ø is the function of standard normal density, σµ is the standard deviation of µ and σv 

is the deviation of v, (S.H. Kwan on 2006, O. Caravallo, Has. Kasman 2005). 

3-3 Choice of variables 

 The choice of the inputs and outputs depends essentially on the context in which the 

empirical study is realized. We are going to use the added value approach (Humphrey and Pulley 

(1997)) to identify inputs and outputs. This study considers the deposits as being input and output 

at the same time. This choice is justified by the fact that the Tunisian banks employ labor and 

capital to collect the deposits, and use simultaneously provided deposits to dash into a massive 

policy of loans. It seems thus more logical than deposits of the Tunisian banks are read as input 

and output 

A. The technological variables 

The inputs correspond mainly to the financial capital, (including collected deposits and 

funds borrowed on the financial market), physical capital (measured by net fixed assets), and 

labor (measured by the number of the employees). 

The costs of input are thus:  labor cost (personnel expenses/total assets)
3
, financial capital 

cost (interest loads/ financial capital) and physical capital cost (depreciation of fixed asset/net 

fixed assets. 

The total cost=personnel expenses + depreciation of net fixed asset+ interest loads. 

Table 1 defines inputs, their costs, prices and outputs 

Table 1: Definition and costs of technological variables 

Dependant Variable 
 

Definition  

CT       Total Cost 
 

personnel expenses +  paid interests + Depreciation of  fixed asset 

Outputs  

Y1              Credits 

 

 

 

Y2            deposits 

Claims on the banking and financial institutions + 

Claims(Debts) on  clientele +Cash register with  BCT, CCP 

and TGT; 

 

Deposits and assets of banking and financial institutions + 

deposits and assets of clientele, BCT and CCP + loans / 

special resources. 
 

                                                           
3
 As the data on the number of employees are not available, we follow Altunbas and al. (2001) and Weil(2004) and 

we define labor cost as the ratio of personnel expenses to total assets 
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Inputs  

X1     Labor 

X2     Financial capital 

X3     Physical capital 

Number of the employees  

Collected deposits and funds borrowed on the financial market 

Net fixed assets 

Coût des inputs  

W1   Labor Cost  

W2    Financial capital cost 

W3    Physical capital cost 

personnel expenses/total assets  

interest loads/ financial capital  

fixed assets depreciation/net fixed assets  
 

B. The environmental variables 

The various studies which dealt with the measure of the banking efficiency, also tried to 

know the variables which influence this efficiency. According to Dietsch and Lozano-Vivas 

(2000) whose emphasized the impact of the environmental variables by comparing the efficiency 

cost of the French and Spanish banks during period 1988-1992, we considered the effect of a set 

of environmental variables (macro economics, of structure, and of accessibility to banking 

services. 

The following table recapitulates the environmental variables selected in our study: 

Table II: The environmental variables 

Environmental variables definition 

Variables bound to banks  

Variables bound to the regulation  

 Capital Average Ratio (CAR) Own capital / total  Asset 

Ratio of intermediation (RI) Loans / deposits 

ROA Net profit / Total asset 

ROE Net profit / Own capital 

Macro-financial variables  

Concentration (CON) Concentration =CR3= total asset  

( BNA+STB+BIAT) / total asset of the sample’s 

banks 

Macro-economic variables  

Per capita income (PI) Per capita income =  GDP / Number of 

inhabitants 

Inf Inflation rate 

Demand Deposits Density (DDD) Deposits / square kilometer 

Population density (DP) Number of inhabitants / square kilometer 

3-4. Descriptive statistics  

Table II synthesizes averages, standard deviations, as well as the minimal and maximal 

values of basic and environmental variables of banking institutions held within the sample.  

These descriptive values of the inputs, outputs, the dependent variables and the 

environmental variables show differences and variations in banking services between the various 

reserved banks. Banks can use inputs of various values to supply diverse outputs through 

techniques of production. 

According to these statistics, we can deduct that there are important differences between 

banks at macroeconomic, macro-financial and statutory levels. These specific conditions can affect 

performances of the banking industry. Thus, these differences have to be kept account during the 

comparisons of the banking efficiencies between banks to end in more reliable results. 
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Table III: Descriptive statistics of the variables 

Values en thousand Dinars 

safe for ratios 

Global Sample 

Mean Std. Dev Min Max 

Basic variables     

Outputs     

Credits : Y1 1478259,41 1577768,33 12538 6837979 

Deposits : Y2 
1486522,84 1695259,02 1072 11911718 

inputs     

Personnel expenses 29824,1777 36015,0455 2577 154160 

Fixed assets depreciation 4933,1111 4524,97202 35 22412 

Load interests 52278,6711 56884,2325 1531 195059 

Total cost 
87035,9599 78511,3074 1661 300958 

W1 
0,0149 0,0059 0,0015 0,0514 

W2 
0,2573 0,6117 0,0157 6,3105 

W3 
0,0862 0,2901 0,0037 4,0356 

Total asset 
1860350,22 1855935,5 57628 7918019 

environmental Variables    

 

  

CAR 0,1751 

 

0,2296 

 

-1,3323 

 

0,8774 

 

RI 4,3535 

 

14,2854 

 

0,2105 

 

11,76415 

 

ROE 0,0832 

 

0,6474 

 

-0,42905 

 

0,94226 

 

ROA 0,00016 

 

0,0671 

 

-0,7519 

 

0,0918 

 

DDD 9,0857 

 

10,3615 

 

0,0065 

 

72,8055 

 

INF 3,4566 

 

0,9597 

 

2 

 

5,5 

 

PI 0,002062 

 

0,000262 

 

0,001603 

 

0,002391 

 

DP 64,27 

 

2,947 

 

59,3 

 

69,2 

 

CR3 0,4512 

 

0,0197 

 

0,4211 

 

0,4797 

 

 

4. Econometric results and discussion  

Our empirical study consists in measuring and estimating, over the period 1997-2012, the 

cost efficiency of the Tunisian universal banks, using a micro-economic analysis. In a first time 

we shall estimate the x-efficiency without environmental variables; secondly, we will determine 

the levels of efficiency with introducing the environmental variables into the cost function, to 

show their effect on the efficiency of Tunisian banks.  

  4-1. Empirical results without environmental variables 

The results of estimation of the translog function, without environmental variables, with 

SFA method, using R-statistics software (version 2.11.1) appear in the following table: 
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Table IV: Empirical results without environmental variables 
 

Variable  Estimate Std. Error z value Pr(>|z|) 

constant α0 4.166884 1.832872 2.2734 0.023001 ** 

Ln.w1 α1 1.425718 0.517501 2.7550 0.0058692*** 

Ln.w2 α2 0.596435 0.290903 2.0503 0.0403367** 

Ln.w3 α3 0.473225 0.552123 0.8571 0.0391389 ** 

Ln.Y1 β1 -0.698848 0.507140 -1.3780 0.0168197** 

Ln.Y2 β 2   0.257332 0.437518 0.5882 0.0556422** 

LnY1.LnY1 β11 0.088169 0.031221 2.8241 0.0047417*** 

LnY1.LnY2 β 12 -0.149576 0.039237 -3.8121 0.0001378*** 

LnY2.LnY2 β 22 0.076512 0.016053 4.7662 1.877e-06*** 

Lnw1.Lnw1 α11 0.220668 0.047311 4.6642 3.099e-06*** 

Ln.w1.Lnw2 α12 0.078885 0.047718 1.6532 0.0982986* 

Lnw1.Lnw3 α13 0.117910 0.059145 1.9936 0.0461973** 

Lnw2.Lnw2 α22 -0.014982 0.016246 -0.9222 0.3564288 

Lnw2.Lnw3 α23 0.032199 0.027225 1.1827 0.2369311 

Lnw3.Lnw3 α33 -0.062660 0.021767 -2.8786 0.0039941*** 

Lnw1.LnY1 δ11 0.167730 0.065260 2.5702 0.0101647** 

Lnw1.LnY2 δ12 -0.069542 0.054141 -1.2845 0.1989798 

Lnw2.LnY1 δ21 -0.056724 0.028487 -1.9913 0.0464528** 

Lnw2.LnY2 δ22 0.052937 0.017225 3.0732 0.002117 *** 

Lnw3.LnY1 δ31 -0.018369 0.037376 -0.4915 0.6230971 

Lnw3.LnY2 δ32 0.027227 0.011717 2.3237 0.0201405** 

Sigma Sq 222

    0.079084 0.047368 1.6696 0.0950022* 

gamma 
22

2











  

0.663495 0.217515 3.0503 0.002285 *** 

log likelihood value :                    86.70362  
Signif. Codes : 1%(***), 5% (**) and 10% (*)  

 

The regression results show that the prices of inputs are significant with positive signs. 

These signs are expected since the increase in factor prices raises the costs of banks and 

consequently their levels of inefficiency. The coefficients of outputs (credits and deposits) are 

significant, with negative sign for first and positive for the second. These signs which seem 
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inconsistent, compared with the theory, correspond well to the reality of the Tunisian banks. 

Indeed, the activity of collection of deposits is more important for these banks than the other 

activities of intermediation. Thus, a positive relation between the deposits and the total cost 

reveals the importance of the remuneration of the deposits and the staff employed for this purpose. 

Whereas the negative sign of the credits lets notice that these activities come in 

complement to the role of intermediation of banks. In fact, the collected funds from customers and 

lent afterward, serve to decrease the costs of the financial intermediation. Furthermore the 

evolution of granted credits by banks is attributable in the strong growth of the outstanding loans 

on ordinary resources and the decline in loans on special resources at a lower rate, which explains 

the positive effect of the variable Y1 on the banking efficiency. Indeed and as an example, in 2011 

the outstanding loans on ordinary resources increased by 21.1 % against 10.6 % one year earlier. 

The parameters β 11, β 12 and β 22 which represent the impact of the joint production of two 

outputs on total costs, are statistically significant. However, the α12 and α13 parameters which 

represent the interaction between labor on one hand and financial and physical capital, 

respectively, are significant and positive signs of independence between labor and capital factors 

(physical and financial) in costs of the banking industry. Finally, the parameters δ11, δ21, δ22 and 

δ32 representing the effects of inputs on banking products, are statistically significant and partially 

positive. For example the coefficient δ21 (negative sign) indicates that the activity of lending is 

much assisted by the use of physical capital than by banks staff. While the presence of positive 

and significant parameters, indicates no such advantages. 

In conclusion, we can notice a light decrease in the efficiency cost of banks during the first 

ten years of the period of study. This decrease became notable during 2011 and 2012 with 

efficiency scores of 83,72 % and 80,71 % respectively, as shown in appendix 2 and 3.  

These results validate that the process of financial liberalization in Tunisia did not improve 

banking efficiency and are in coherence with several works (Grabowsky & al (1994), Griffel & 

Lovell (1996), Humphrey & Pully (1997). Cook & al.(2000), Kumbakar & Sarar. (2003) and 

Andries & Caparus(2011).  

 

4-2. Empirical results with environmental variables 

The introduction of the environmental variables aims to examine closely the role they can 

play in the explanation of the variation of banks cost-efficiency, through their effects on the total 

cost of banks. The estimation results are presented in the following table  
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Table V: Empirical results with environmental variables 
 
Variable  Estimate Std.Error z value Pr(>|z|) 

constant         α0 46.9801859 23.6271009  1.9884 0.0467672**  

Ln.w1            α1 1.5280668 0.5130705  2.9783 0.0028987*** 

Ln.w2            α2 0.3895045 0.2877770  1.3535 0.1758978 

Ln.w3             α3 1.0402207 0.5079241  2.0480 0.0405615**  

Ln.Y1          β1 -0.7715447 1.7609716       -0.4381 0.6612878 

Ln.Y2          β 2  1.0632475 0.7929677        1.3408 0.1799705     

LnY1.LnY1  β11 0.1200959 0.0301930  3.9776 6.961e-05***  

LnY1.LnY2  β 12 -0.1643580 0.0374664  -4.3868 1.150e-05*** 

LnY2.LnY2  β 22 0.0768928 0.0127612  6.0255 1.686e-09*** 

Lnw1.Lnw1    α11 0.2011938 0.0444376  4.5276 5.967e-06*** 

Ln.w1.Lnw2   α12 0.0745671 0.0455836  1.6358 0.1018746     

Lnw1.Lnw3   α13 0.1623257 0.0589295  2.7546 0.0058768**  

Lnw2.Lnw2   α22 -0.0068603 0.0154885 -0.4429 0.6578160     

Lnw2.Lnw3   α23 0.0443995 0.0258084  1.7203 0.0853694*   

Lnw3.Lnw3  α33 -0.0349893 0.0189188 -1.8494 0.0643938*. 

Lnw1.LnY1    δ11 0.1244655 0.0671355  1.8539 0.0637473* 

Lnw1.LnY2  δ12 -0.0407847 0.0531631 -0.7672 0.4429847     

Lnw2.LnY1  δ21 -0.0366762 0.0262065 -1.3995 0.1616603     

Lnw2.LnY2   δ22 0.0532254 0.0159506  3.3369 0.0008472*** 

Lnw3.LnY1 δ31 -0.0378333 0.0308402 -1.2268 0.2199157     

Lnw3.LnY2    δ32 0.0286164 0.0112169  2.5512 0.0107357** 

Ln.DP φ1 -2.0900426 0.9238582 -2.2623 0.0236790** 

Ln.PI φ2  0.3466073 0.2857004  1.2132 0.0250594** 

Ln.DDD φ3 2.3133214 1.8179518  1.2725 0.0231999** 

Ln.ROE φ 4 -0.0179091 0.0222917  -0.8034 0.0417447** 

Ln.ROA φ 5 -0.0232504 0.0287312  -0.8092 0.0418377** 

Ln.RI φ 6 -0.6171196 1.6563506  -0.3726 0.0794626* 

Ln.CAR φ 7 0.0159468 0.0362448  0.4400 0.0659955* 

Ln.CR3 φ 8 0.9778787 0.3442151  2.8409 0.0044987*** 

Ln.INF φ9 -0.0027399 0.0485026 -0.0565 0.0954951* 

sigmaSq 222

    
0.0440955 0.0128618  3.4284 0.0006071*** 

gamma   0.4496948 0.1713555  2.6243 0.0086818*** 

log likelihood value :                    105.2336  

Signif. Codes: 1%(***), 5% (**) and 10% (*)  

4-3 Determinants of banking efficiency 

From table v, we can notice that basic variables carried the expected signs and are 

significant in the various thresholds except that the coefficients ß1 and ß2 of the outputs y1 and y2 

were not significant with the introduction of the environmental variables and consequently their 

influence on the total cost will be considered as null. As variables of environment, they are quite 

supposed to have an effect on the total cost since all the coefficients of these variables are 
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significant, what leads to predict an important effect of these variables on the costs of banks and 

consequently on their levels of efficiency 

The density of requests for deposit affects negatively the banks cost-efficiency, positively 

the total cost (positive and significant sign). This result is not coherent with the theory. In this 

frame, it is necessary to mention also that total deposits has a negative but not significant effect on 

the  cost-efficiency of banks, positive on their total cost . The inflation rate, with a negative sign 

coefficient, affects positively the efficiency of banks. Indeed an increase of the inflation has a 

positive repercussion on the net profit of interests and thus on the performance. This repercussion 

remains positive but not significant for Tunisian banks.  

In the vein of several studies (Dietsch and Lozano-Vivas (2000), Kauko K (2009), and Barros & 

al. (2014)), both variables expressing profitability affect negatively the total cost and thus 

positively the banking efficiency, with negative and significant coefficients. In fact, more the bank 

tries to improve its economic and financial profitability, the more it will tend to lower its costs and 

consequently improve efficiency. 

  The capital average ratio, with positive and significant coefficient, suggests a positive 

relation between this variable and total cost. Then, and contrary to the theoretical results, this 

statutory ratio contributes to lower the banking efficiency. Indeed a high level of capital eases the 

risk of insolvency and, after all, the cost of borrowed capital. However the Tunisian banks show 

weak capital average ratio and therefore lacking levels of own capital with regard to the assets, 

what amplifies the risk of insolvency, the cost of the borrowed capital, the total cost and 

consequently affects negatively banking efficiency.  

As for the ratio of intermediation, with a coefficient of negative and significant sign, it acts 

negatively on the total cost, thus positively on the cost-efficiency. In fact, the more the ratio of 

intermediation is high, the weaker are the banking costs, and higher will be the efficiency of 

banks, as far as they benefit from economies of scale. These results are consistent with those of 

Sufian (2009) 

Finally, the results show a negative relation between the concentration of the Tunisian banking 

system, and cost-efficiency (positive and significant sign of the coefficient φ8 in relation to the 

total cost). Indeed the increase of the competition between banks, which induces a decrease in the 

concentration, has a positive impact on banks cost-efficiency. Similar results were found by 

Remoundos (2003) and Barros & al. (2014) 

According to these results, it is important to mention the crucial role of environmental 

variables as determining factors of the evolution of Tunisian banks x-efficiency. These variables 

have to arouse the interest of the decision-makers of the economic policies in our country to direct 

their strategies and corrective actions to promote the performance of the banking and financial 

systems. 

5. Conclusion 

Following the 2008 crisis, there was an increased conscious about the importance of the 

development of financial institutions and markets. Tunisian authorities have committed to the 

privatization, modernization, opening of the banking system to the foreign banks within as part of 

liberalization programs in order to have efficient and developed financial and banking systems. In 

this context, we estimated the cost-efficiency of the Tunisian commercial banks over the period 

1997-2012.Using the stochastic frontier approach, our results showed a drop of cost-efficiency 

after financial reforms with a sector average score of 82,82%. 

The introduction of environmental variables in the cost function, allowed a more strong 

evaluation of efficiency as well as a real comparison of the performances through banks and led to 

an average score of 89,58 %. The importance of the factors of environment was proved in our 

study which showed that banks tend to be more efficient in an economy characterized by a strong 
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population density, high returns on assets and equities as well as important ratio of intermediation. 

However, this efficiency tends to dim with a high ratio of capital of the banking sector, a greater 

concentration, a wide density of deposits request as well as rather important per capita income. 

These variables have to arouse the interest of the decision-makers of the economic policies and 

the restructuring in our country to direct their strategies and aiming corrective actions to promote 

the performance of the banking and financial systems. 
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Appendix 1 : List of banks of the sample  
Denomination Bank Capital in  

TND 

1- Banque Nationale Agricole BNA 160 000 000 

2-Société Tunisienne de Banque STB 124 300 000 

3-Banque Internationale Arabe de Tunisie BIAT 170 000 000 

4-Banque Attijari de Tunisie ATTIJARI 

BANK 

198 741 000 

5-Banque de Tunisie BT 112 500 000 

6-Union Internationale de Banque UIB 196 000 000 

7-Banque de l’Habitat BH 90 000 000 

8-Union Bancaire pour le Commerce et l’Industrie UBCI 80 494 000 

9-Amen Bank AB 100 000 000 

10-Arab Tunisian Bank ATB 100 000 000 

11-Banque Franco-Tunisienne BFT     5 000 000 

12-Société Tuniso-Saoudienne d’investissement et de 

développement 

STUSID 

BANK 

100 000 000 

13-Banque de Tunisie et des Emirats BTE 90 000 000 

14-Banque Tuniso-Libyenne BTL 70 000 000  

15-Qatar National Bank QNB (ex TQB) 60 000 000 

16-CITIBANK on shore CB on shore 25 000 000 

17-Banque Tuniso-Koweitienne BTK 100 000 000 

Source: BCT and Tunisian Professional Association of Banks and Financial institutions. 
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Appendix 2: progress of Tunisian’s banking efficiency 

 

 

 

Appendix 3: X-efficiency and inefficiency: average Scores (1997-2012) 

 

Year X-Efficiency (en %) X-Inefficiency (en %) 

1997 98,78079 1,21921 

1998 98,52148 1,47852 

1999 98,24012 1,75988 

2000 97,86757 2,13243 

2001 97,41761 2,58239 

2002 96,87485 3,12515 

2003 96,22113 3,77887 

2004 95,43522 4,56478 

2005 94,49249 5,50751 

2006 93,36469 6,63531 

2007 92,01984 7,98016 

2008 90,42243 9,57757 

2009 88,53391 11,46609 

2010 86,31375 13,68625 

2011 83,72122 16,27878 

2012 80,71806 19,28194 

Medium 93 ,059073 6,9409275 
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