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中 文 摘 要 ： 本研究在隨機邊界架構下，建立共同邊界隨機方向距離函

數，此函數不同於 Battese et al. (2004) and O＇Donnell 

et al. (2008) 所建構的確定性邊界函數。估計此共同邊界

隨機方向距離函數後，可以計算出各群組的技術缺口比率

值，進而在相同基礎上相互比較；技術缺口比率也能與環境

變數相互連結。收集 17 個中、東歐國家銀行業的資料，並將

非意欲產出—不良放款—納入模型中，實證分析結果發現若

迴規模型忽略此非意欲產出，傾向低估技術效率與技術缺口

比率值。另一方面，發現各國的技術缺口比率估計值高於技

術效率值，顯示樣本銀行應優先採用先進生產技術，致力提

升生產技術水準。 

中文關鍵詞： 共同邊界方向距離函數；  技術效率；  環境變數；  非意

欲產出； 

英 文 摘 要 ： This paper first establishes a new metafrontier 

directional technology distance function (MDDF) under 

a stochastic framework, rather than a deterministic 

setting like the one proposed by Battese et al. 

(2004) and O＇Donnell et al. (2008). The new MDDF 

allows for calculating comparable technical 

efficiencies for banks under different technologies 

relative to the potential technology available to the 

industry across nations. The inefficiency term of the 

new MDDF is further associated with relevant 

environmental variables of the form proposed by 

Battese and Coelli (1995). The new MDDF is then 

applied to examine and compare bank efficiencies of 

17 Central and Eastern European countries. Non-

performing loans (NPLs) are regarded as an 

undesirable, jointly produced with various loans, and 

the omission of them tends to underestimate technical 

inefficiency scores. Evidence is found that the 

estimated technology gap dominates technical 

efficiencies. Bank managers are suggested to swiftly 

adopt new financial innovations with an eye to shift 

the group frontier closer to the metafrontier. 

英文關鍵詞： metafrontier directional distance function； 

technical efficiencies； environmental variables； 

undesirable output； 
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中文摘要 

 
本研究在隨機邊界架構下，建立共同邊界隨機方向距離函數，此函數不同於

Battese et al. (2004) and O’Donnell et al. (2008) 所建構的確定性邊界函數。估計此

共同邊界隨機方向距離函數後，可以計算出各群組的技術缺口比率值，進而在相

同基礎上相互比較；技術缺口比率也能與環境變數相互連結。收集 17 個中、東

歐國家銀行業的資料，並將非意欲產出—不良放款—納入模型中，實證分析結果

發現若迴規模型忽略此非意欲產出，傾向低估技術效率與技術缺口比率值。另一

方面，發現各國的技術缺口比率估計值高於技術效率值，顯示樣本銀行應優先採

用先進生產技術，致力提升生產技術水準。 
 
關鍵詞： 共同邊界方向距離函數;  技術效率;  環境變數;  非意欲產出; 
 

Abstract 
This paper first establishes a new metafrontier directional technology distance 

function (MDDF) under a stochastic framework, rather than a deterministic setting 

like the one proposed by Battese et al. (2004) and O’Donnell et al. (2008). The new 

MDDF allows for calculating comparable technical efficiencies for banks under 

different technologies relative to the potential technology available to the industry 

across nations. The inefficiency term of the new MDDF is further associated with 

relevant environmental variables of the form proposed by Battese and Coelli (1995). 

The new MDDF is then applied to examine and compare bank efficiencies of 17 

Central and Eastern European countries. Non-performing loans (NPLs) are regarded 

as an undesirable, jointly produced with various loans, and the omission of them tends 

to underestimate technical inefficiency scores. Evidence is found that the estimated 

technology gap dominates technical efficiencies. Bank managers are suggested to 

swiftly adopt new financial innovations with an eye to shift the group frontier closer 

to the metafrontier. 

 

Key Words: metafrontier directional distance function; technical efficiencies; 

 environmental variables; undesirable output; 
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1. Introduction 

Following Koutsomanoli-Filippaki et al. (2009), this paper applies the stochastic 

frontier DDF to investigate bank efficiencies in 17 CEE countries. The advantages of 

using this DDF are as follows. First, it characterizes the joint production of desirable 

outputs with undesirable outputs and allows for a bank to increase desirable outputs 

and concurrently decrease inputs and undesirables. This differs from either the input- 

or the output-oriented distance function that permits either input savings or output 

expansion, but not both, and is incapable of handling undesirable outputs. Second, the 

DDF is specified as if the translog form without the need to take the natural logarithm. 

This flexible functional form can lessen the potential error of functional specification 

and the sample with variables taking a zero value can hold. Finally, the inefficiency 

term can be linked with a set of environmental variables that influence a bank’s 

production effeciency. 

    In the banking industry, non-performing loans may be viewed as an undesirable, 

by-product jointly produced with various loans. According to Färe and Grosskopf 

(2005), desirable outputs are said to be null-joint with undesirable outputs, if there are 

no bad outputs produced, then only zero good output can be produced. Furthermore, 

undesirables are assumed to be weakly disposed, i.e., the disposal of them needs to 

consume resources and is not costless. Consequently, the exclusion of undesirables 

from the model is apt to overestimate the technical efficiency score. For example, 

suppose that banks A and B are producing the same level of outputs, but bank A 

employs less number of workers than bank B to screen out its applicants for loans. 

This would result in the amount of bank A’s non-performing loans to exceed bank B’s. 

Taking an output-oriented distance function as an example, it is very likely that bank 

A’s efficiency score is greater than bank B’s, since the former hires less labor than the 
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latter to yield the same output quantities. If the bad output, satisfying the foregoing 

properties of null jointness and weak disposability, is explicitly taken into account, 

then the rank of the efficiency scores of the two banks may be reversed. This is 

because bank A has to consume some resources to deal with the bad output, lowering 

the output oriented technical efficiency measure. 

To validly conduct a cross-country comparison, a researcher has to design a 

procedure that takes care of heterogeneous technologies, on the one hand, and that the 

performance of banks should be assessed on the same benchmark for different 

countries, on the other. This requires the use of the newly developed metafrontier 

model by Battese et al. (2004) and O’Donnell et al. (2008), which proceeds in a 

two-step procedure. In the first step, the stochastic frontier of each country (or group) 

is estimated to yield technical efficiency scores for all banks within the individual 

countries. In the second step, one estimates the metafrontier to obtain the technology 

gap ratios (TGRs) between the (deterministic) metafrontier and the group frontiers for 

each bank, using the linear or quadratic programming technique that allows for easily 

imposing the tangency restriction between the metafrontier and the group frontiers. 

Bos and Schmiedel (2007) apply this model to examine banking efficiency in 15 

Western European countries accounting for potential differentials among 

country-specific banking technologies. 

We extend the stochastic frontier DDF of Koutsomanoli-Filippaki et al. (2009) to 

the new metafrontier DDF (MDDF), which allows for estimating and comparing bank 

efficiency across 17 CEE countries. The idea of the new MDDF is first proposed by 

Huang et al. (2011), exemplified by a production function. It differs considerably 

from Battese et al. (2004) and O’Donnell et al. (2008) mainly in the second step, 

aiming at establishing the (stochastic) metafrontier. Our new MDDF is constructed 

under the stochastic frontier framework, instead of relying on mathematical 
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programming techniques. The primary difficulties of programming techniques are that 

they are deterministic, similar to the DEA, such that the estimation results are easily 

confounded with random shocks, and that no statistical inferences can be made, 

because the statistical properties of the estimates are unknown. Both difficulties can 

be disentangled by the employment of the new MDDF, to be thoroughly discussed in 

Section 3. 

The purpose of this paper is three-fold. First, we attempt to build a new MDDF 

under the stochastic frontier framework. The new MDDF is recommended and 

possibly preferable, because the resulting estimates of TGRs are free from the 

influence of random shocks. Second, the TGRs can be further specified as a function 

of an array of exogenous variables characterizing the environments in which 

production takes place. This approach is akin to Battese and Coelli (1995). In this 

manner, one is able to study the determinants of the TGRs and, more importantly, 

banks from different countries can be compared under similar condisitons. Third and 

finally, the new MDDF is applied to estimate and compare bank efficiencies of 17 

CEE countries, as banks in these transition nations tend to adopt heterogeneous 

technologies due to systematic, cultural, regulatory, and endowment differences, and 

the financial systems in these countries have experienced various series of financial 

reforms during the past two decades. 

The rest of this paper is organized as follows. Section 2 briefly reviews relevant 

literature on the DDF and MDDF. Section 3 establishes the new MDDF. Section 4 

describes the data. Section 5 analyzes the empirical results, while the last section 

concludes the paper. 

2. Literature Review 

Battese et al. (2004) first propose a two-step approach to construct a metafrontier 

function suitable for estimating and comparing the technical efficiency of firms 
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belonging to various technology groups. In the second step, they suggest using either 

a linear programming or quadratic programming technique, which permits the 

imposition of inequality constraints and forces the group frontier to be below (or 

above) the metafrontier, in order to compute the technology gap ratio for each firm in 

different groups. Following the same procedure, O’Donnell et al. (2008) compare the 

technical efficiency of agricultural production across 97 countries spanning 1986 to 

1990. Huang et al. (2010) extend the above model to the metafrontier Fourier flexible 

cost function and compare technical efficiencies for banks in 16 Western European 

countries. A relatively technically efficient bank is found to be possibly 

technologically efficient and vice versa. 

Huang et al. (2011) initiate a new metafrontier to estimate technical efficiency 

(TE) scores for firms in different groups. Their approach diverges from Battese et al. 

(2004) and O’Donnell et al. (2008) mainly in the second step, where a stochastic 

frontier model is formulated and estimated by the maximum likelihood to obtain the 

parameter estimates of the metafrontier, instead of relying on programming 

techniques. In this manner, the so-derived estimators have the desirable statistical 

properties and enable some relevant statistical inferences to be drawn.   

The use of a metafrontier is preferable in that it allows researchers to assess the 

TGR for firms from different groups with respect to the common metafrontier. 

Therefore, these TGRs are comparable among firms of different groups, which are the 

salient features under the metafrontier framework. This present article intends to 

exploit such advantages and to explore banks’ performance among CEE countries. It 

is noteworthy that a study on cross-country efficiency measure comparisons in 

transition countries’ banking industry has largely increased recently without relying 

on the metafrontier. See, for example, Allen and Rai (1996), Altunbas et al. (2001), 

and Weill (2004), Bonin et al. (2005), Fries and Taci (2005), Rossi et al. 
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(2005),Yildirim and Philippatos, (2007), and Huang et al. (2011) to mention a few. 

However, Bos and Schmiedel (2007) and Huang, Chiang, and Chen (2011) perform 

the cross-country comparisons in the context of the metafrontier, proposed by Battese 

et al. (2004). 

 

3. New Metafrontier Directional Distance Function 

3.1  Directional Technology Distance Function 

Input quantities are denoted by x ( )1,...,
N

Nx x R+
′= ∈ , output quantities are denoted 

by y ( )1,..., M
My y R+
′= ∈ , and the undesirable vector is signified by 

( )1,..., J
Jb b b R+
′= ∈ . Following O’Donnell et al. (2008), the kth (k = 1,…, K) group’s 

technology set is defined as: 

 {( , , ) :  can be used by firms in group  to produce ( , )}kT x y u x k y b= .  

A directional vector is expressed as ( ), ,x y ug g g g ′′ ′ ′= , in which ,  N M
x yg R g R+ +∈ ∈ ,  

and J
bg R+∈ .  

We now define the directional technology distance function (DDF) for group k as: 

( , , ; ) sup{ : ( , , ) }
k k
T x y bD x y b g x g y g b g Tβ β β β= − + − ∈        (1) 

It expands outputs in the direction yg  and contracts inputs and undesirables in the 

directions xg  and bg , respectively, in order to be able to produce on the group 

frontier. The DDF translates the (x, y, b) vector in the direction g  onto the boundary 

of the technology.  

   Since (x, y, b) is usually interior to technology Tk, the value of the distance 

function is non-negative. A firm having a value of ( , , ; ) 0
k
TD x y b g =  implies that it is 
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already producing at the frontier, while a value of ( , , ; ) 0
k
TD x y b g >  reveals that the 

firm’s actual (x, y, b) locates underneath the frontier. Following 

Koutsomanoli-Filippaki et al. (2009), the directional vector herein is specified as g = 

(1,1,1), which means that a firm can produce at the efficient frontier if it 

simultaneously reduces its input quantities and undesirables by β  units and 

increases outputs by β  units along with the direction (1,1,1).  

   The DDF is commonly expressed as a flexible quadratic functional form allowing 

for a non-neutral technical change. The translation property is used to transform the 

DDF into an estimable regression equation. See, for example, Färe and Grosskopf 

(2005). We arbitrarily choose 1xξ =  to translate the quadratic DDF into: 

     1x− =
*

1 1 1( , , ;1,1,1, , )
k

D x x y x b x t v uθ− + − + −   

0 1 1 1 ' 1 ' 1
2 1 1 2 ' 2

1( ) ( ) ( ) ( )( )
2

N M J N N

n n m m j j nn n n
n m j n n

x x y x b x x x x xα α β λ α
= = = = =

= + − + + + − + − −∑ ∑ ∑ ∑∑
 

  
' 1 ' 1 ' 1 ' 1

1 ' 1 1 ' 1

1 1( )( ) ( )( )
2 2

M M J J

mm m m jj j j
m m j j

y x y x b x b xβ λ
= = = =

+ + + + − −∑∑ ∑∑
  

1 1
2 1

( )( )
N M

mn m n
n m

y x x xγ
= =

+ + −∑∑ 1 1 1 1
2 1 1 1

( )( ) ( )( )
N J M J

jn j n jm j m
n j m j

a b x x x c b x y x
= = = =

+ − − + − +∑∑ ∑∑
 

2
1 2 1

2

1 ( )
2

N

n n
n

t t t x xδ δ ψ
=

+ + + −∑ 1 1
1 1

( ) ( )
M J

m m j j
m j

t y x c t b xμ ε
= =

+ + + − +∑ ∑
        

(2) 

where ( , , , , , , , , , )a c cθ α β λ γ δ ψ μ=  is a vector of parameters to be estimated and 

v uε = −  is the composed error term. Here and henceforth, 
*
( )D ⋅  signifies the 

translated DDF that will be estimated later in our empirical study. In addition, u =

*
( , , ;1,1,1, , )TD x y b t θ  is treated as a non-negative random variable, reflecting 

technical inefficiency of the firm under consideration, and v  is a two-sided, 

normally distributed error with a mean of zero and a constant variance 2
vσ , which is 

traditionally assumed to be independent of u. The DDF of (2) must also satisfy the 
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symmetrical conditions, i.e., ' 'nn n nα α= , ' 'mm m mβ β=  and ' 'jj j jλ λ= .1  

   Similar to Battese and Coelli (1995) and Koutsomanoli-Filippaki et al. (2009), 

inefficiency term u is further specified as: 

0u z wα′= + ≥                                                (3) 

Here, z is a set of environmental variables, α  is the corresponding unknown 

parameters, and w is assumed to be ( )2~ 0, ww N σ . A set of bank-level factors will 

be selected as the environmental variables to describe banks’ technical inefficiency. 

Equation (3) implies that w zα′≥ − . Equation (2) can be estimated by the maximum 

likelihood (ML). After obtaining all of the parameter estimates, one is able to 

compute the conditional expectation that serves as a point estimator for u , 

representing technical inefficiency, i.e.:  

      ( )|E u zε α′= +
1

z

z

α μφ
σ

μ σ
α μ
σ

∗

∗
∗ ∗

∗

∗

⎛ ⎞′− −
⎜ ⎟
⎝ ⎠+
⎛ ⎞′− −

−Φ⎜ ⎟
⎝ ⎠

,                        (4) 

where 2 2 2 2 2 2 2 2 2/ ,  / , = , and w v w v w v wμ εσ σ σ σ σ σ σ σ σ ε∗ ∗= − = + = − .2 The 

conditional expectation of (4) is non-negative by construction. The higher the value 

of ( )|E u ε  is, the less technically efficient the firm is. 

 

3.2  Metafrontier Directional Distance Function (MDDF) 

   A metafrontier technology set is defined by: 

                                                       
1 A DDF must also satisfy the following three properties (the superscript k is dropped for simplicity): 

(i) If x x′ ≥ , then ( , , ; ) ( , , ; )T Tx y b g x y b gD D′ ≥ . 

(ii) If y y′ ≥ , then ( , , ; ) ( , , ; )T Tx y b g x y b gD D′ ≤ . 

(iii) If 'b b≥ , then ( , , '; ) ( , , ; )T Tx y b g x y b gD D≥ . 
2 It can readily be shown that the conditional distribution of |w ε is a truncated normal distribution at 

zero from below with a mean of μ∗  and a variance of 2σ
∗

. 
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{( , , ) : 0, 0, 0,   can produce ( , ) for all firms under study}mT x y b x y b x y b= ≥ ≥ ≥  . 

The MDDF is then expressed as: 

 ( , , ; , , ) sup{ : ( , , ) }
m m m m m m

x y u x y uD x y u g g g x g y g u g Tβ β β β= − + − ∈   (5) 

This has similar implications to (1), but the reference set of Tk has to be replaced by 

Tm. O’Donnell et al. (2008) show that there exist four properties between group 

frontiers and the metafrontier, in which 

* *

1 1 1 1 1 1( , , ; ) ( , , ; )
k m

D x x y x b x g D x x y x b x g− + − ≤ − + − , for all k = 1,…, K, requires 

that the translated metafrontier envelops translated group frontiers. Hence, the value 

of group k’s DDF has to be less than or equal to that of the metafrontier DDF along 

the prespecified direction vector g.3 Based on this property, we refer their difference 

to the technology gap difference (TGD), i.e.: 

      ( , , ; ) ( , , ; )
m k

TD x y b g D x y b g TGD= + ,                              (6) 

which shows that the overall inefficiency ( , , ; )
m

D x y b g , i.e., the firm’s production 

technical inefficiency with respect to the metafrontier production technology, is equal 

to the sum of the firm’s production technical inefficiency with respect to the group-k 

production technology and TGD. Term TGD displays the gap between the translated 

metafrontier and translated group-k frontier and is non-negative by construction. It 

depends on the accessibility and extent of adoption of the available potential 

production technology. The larger the value of TGD is, the less advanced the 

technology is adopted by firms of group k, and vice versa. It is crucial to note that 

since the overall inefficiency measures of firms are evaluated against the metafrontier, 

common to all firms in different groups, they are comparable for firms operating 

                                                       
3 The other theee properties are: (i) if ( , , ) kx y b T∈  for any k, then ( , , ) mx y b T∈ ; (ii) if ( , , ) mx y b T∈ , 

then ( , , ) kx y b T∈  for some k; (iii) 1 2{ ... }m kT T T T= ∪ ∪ ∪ . 
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under different technologies. 

We are now attempting to establish a new, stochastic metafrontier based on the 

stochastic frontier approach (SFA), which avoids the aforementioned problems and 

has the desired statistical properties. Recall that the new metafrontier of Huang et al. 

(2011) is developed for a production function. Their model has to be modified to 

adapt for the case of the DDF. Using the translation property, equation (6) can be 

re-formulated as: 

* *
1 1 1 1 1 1( , , ; ) ( , , ; )

k m
D x x y x b x g D x x y x b x g TGD− + − = − + − − .          (7) 

Although the true group-k frontier of 
*
( )

k
D ⋅  is unknown, its fitted value of *ˆ ( )kD ⋅  

can be obtained after estimating (2) by the ML, which leads to: 

  
*

1 1 1( , , ; )
k

D x x y x b x g− + − = *
1 1 1

ˆ ( , , ; )kD x x y x b x g− + − + mV ,           (8) 

where ˆmV ε ε= −  denotes a random error arising from the estimation error of the 

translated group frontier from (2), which can be shown to have a mean of zero with a 

non-constant variance.4 This arises from the fact that the residual ε̂  is affected by 

the set of variables in the group frontiers.  

Substituting (8) into (7) we yield the following estimable stochastic metafrontier:  

**
1 1 1 1 1 1

ˆ ( , , ; ) ( , , ; )
mk m mD x x y x b x g D x x y x b x g V U− + − = − + − + − ,   (9) 

where m mV V= − , m mV U−  forms the composed errors, and mU  is nothing but 

the TGD that is treated as if it is the inefficiency term. The presence of mV  is 

important, since it makes (9) in a stochastic, rather than a deterministic, context. 

                                                       
4 On the ground of (2), the following relationship must be true: 

    
*

1 ( )
k

x D ε− = ⋅ + = *ˆ ˆ( )kD ε⋅ +  
  where a “^” on the top of a variable denotes the estimated value by the ML. It follows that 

    
*
( )

k
D ⋅ = *ˆ ˆ( )kD ε ε⋅ + −  

  and ε̂ ε−  vanishes as the sample size goes to infinity. 
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According to the previous paragraph, mV  (or mV ) is not independently and 

identically distributed (i.i.d.) and is obviously correlated with ε  of the group frontier. 

The presence of heteroscedasticity does not influence consistency property of the ML 

estimators, but biases the estimated covariance matrix of the coefficients. The method 

developed by White (1982) should be applied to correct for the estimated covariance 

matrix and the so-derived estimates are referred to as quasi-maximum likelihood 

estimates in the literature. Also see, for example, Johnston and DiNardo (1992), page 

428-430. We will show both original and corrected standard errors of the parameter 

estimates of the metafrontier in Section V. 

Note that mU  can also be linked with a set of environmental variables like (3), 

which is infeasible if the programming technique is adopted as suggested by Battese 

et al. (2004) and O’Donnell et al. (2008). To appropriately characterize the differences 

of the TGR among countries, we will choose country-level factors as the 

environmental variables, as opposed to bank-level factors relating to u’s of group 

frontiers. This implicitly assumes that mU  of the metafrontier is unrelated with u of 

the group frontier. The assumption appears to be reasonable due to the fact that the 

two measures have distinct attribute. Recall that mU  represents the gap between the 

metafrontier, fromed by all groups, and group frontiers, while u evaluates managerial 

incapabilities of banks of a particular group.  

The functional form of the translated MDDF (
*m

D ) in (9) is analogously 

specified to (2) and the TGD is estimated by formula (4). It is interesting to note that 

our approach permits the estimated group frontier to exceed the metafrontier, i.e.: 

**
1 1 1 1 1 1

ˆ ( , , ; ) ( , , ; )
mkD x x y x b x g D x x y x b x g− + − ≥ − + − , due to the presence of 

the error ( mV ) from estimating 
*

1 1 1( , , ; )
k

D x x y x b x g− + − . However, the 

metafrontier must always exceed the true group frontier, i.e.,     
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* *
1 1 1 1 1 1( , , ; ) ( , , ; )

k m
D x x y x b x g D x x y x b x g− + − ≤ − + − . 

   Figure 1 illustrates the MDDF model. At given input and output levels, say, 1x  

and 1y , the observed point A relative to the projected metafrontier point A′′′  consists 

of three components: the technology gap difference, 
**

( ) ( )
km

TGD D D= ⋅ − ⋅ , the firm’s 

technical inefficiency between points A and A′ , estimated by ( | )E u ε  of (4), and 

the random noise component v of (2) between points A′  and A′′ , i.e.: 

A A TGD v u′′′= − − − , (10) 

or equivalently: 

A A TGD u v′′′ − = + + . (11) 

It should be emphasized that, although both the technology gap difference TGD  and 

the firm’s production inefficiency are non-negative, the translated metafrontier *m
D  

does not necessarily envelop all firms’ observed production at point A. The 

unrestricted difference in (11) distinguishes the metafrontier model using the SFA 

from the DEA due to the presence of the random noise component v.  

              [Insert Figure 1 Here] 

 

4. Data Description 

We compile unbalanced panel data covering 1995-2008 from 17 CEE countries 

from the accounting statements of the Bankscope database.5 The sample contains 

1466 banks with a total of 6770 bank-year observations. All variables are measured in 

millions of US dollars and deflated by the individual consumer price indices of the 

sample countries with base year 2005.  

According to the intermediation approach, we identify three inputs and three 

outputs. The input categories consist of labor ( 1x ), physical capital ( 2x ), and 

                                                       
5 We exclude three countries, i.e., Albania, Belarus, and Montenegro, due to severe data unavailability. 
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borrowed funds ( 3x ).6 Total loans ( 1y ) and other earning assets ( 2y ) are regarded as 

the conventional outputs. Non-interest revenue ( 3y ) is considered as an additional 

output, reflecting a bank’s degree of product diversification and constituting a crutial 

source of revenue for modern universal banks. The inclusion of 3y  enables us to 

correctly describe a bank’s production process and its capability at diversifying the 

output spectrum. Furthermore, the item of loan loss reserves is defined as the single 

undesirable, mainly because this item co-exists with various loans granted, which 

meet the property of null jointness. Appendix 1 gives detailed variable definitions 

together with some environmental variables. 

This paper classifies the environmental variables into micro- and 

macro-environmental variables to reflect the different atmospheres confronted by 

banks. The former variables are used to explain technical inefficiencies for the group 

frontiers and the latter to explain technology gap differences. Following Berger et al. 

(1993), Mester (1993), Allen and Rai (1996), Lozano-Vivas et al. (2002), and Huang 

et al. (2011), we identify four micro-level variables: the ratio of equity to total assets 

(ETA), average ROA per year (AROA), ownership dummies, and an unlisted dummy. 

Three macro-level variables are defined: real GDP per capita (RGDP), population 

density (PD), and the Herfindahl-Hirschman Index (HHI).7  

 

5.  Empirical Results 

5.1  Coefficient Estimates of Group Frontiers 

To validate the use of MDDF, it is crucial to test the null hypothesis that the 
                                                       
6 The entry for the number of employees is missing for many sample banks. Although the item of 

personnel expense is available, it is missing entirely in Bosnia and Bulgaria for 1995-1997, in Serbia 
for 1995-1999, and in Poland for 1995-1996. In addition, some countries have merely a few (less 
than three) observations on this variable for several years. The item of total assets net of fixed assets 
is instead used as a proxy for the number of employees. Altunbas et al. (2000, 2001), Weill (2004), 
and Fries and Taci (2005), to mention a few, utilize the same definition for labor. 

7 The variable of density of demand for deposits is used by several previous works. Unfortunately, this 
variable is not available in Serbia and hence is overlooked here. 
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banking systems among countries undertake the same technology. If the hypothesis is 

not rejected, then researchers can simply pool the data from different countries and 

estimate a common frontier. There is no need to establish a MDDF.  

Following Battese et al. (2004), the likelihood-ratio (LR) test statistic 

1 22{ln( ) ln( )}L L L= − −  is computed, where 1ln( )L = -30120 is the value of the 

likelihood function for the stochastic DDF estimated by pooling the data for all 

groups, and 2ln( )L = -22664 is the sum of the values of the likelihood functions for 

the 17 country frontiers. The value of the LR statistic is equal to 14912 and the 

hypothesis is decisively rejected at the 1% level of significance with 706 degrees of 

freedom. Banks of different countries are indeed operating under heterogenous 

technologies. 

5.2  Group-specific Technical Inefficiency  

Table 1 presents average inefficiency scores for each country over time, and mean 

inefficiency scores are in the last column. These measures tell us how many units of 

outputs and inputs (undesirables), on average, should be increased and reduced, 

respectively, in order to be able to produce on the efficient group frontier. A higher 

inefficiency score of a bank implies that the observed input-output mix of the bank 

deviates farther away from the group-specific frontier and that the bank is less 

technically efficient. It is worth mentioning that these average inefficiency scores 

across countries are not comparable since they are gauged against heterogeneous 

frontiers. 

Average technical inefficiency scores in Macedonia and Estonia are the lowest 

and equal to 0.38 and 0.97, respectively. Macedonian banks should simultaneously 

decrease 0.38 units (millions of US dollars) of both inputs and the undesirable and 

increase 0.38 units of outputs in order to attain the efficient frontier. The measure of 
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0.97 for Estonian banks can be analogously explained. On the contrary, average 

technical inefficiency scores for Polish and Romanian banks are the highest and equal 

to 4.11 and 5.94, respectively. 

[Insert Table 1 Here] 

5.3  Empirical Results of the MDDF 

   Table 2 presents the parameter estimates of the MDDF, in which more than one 

half of the parameters are significantly estimated at least at the 10% level, based on 

uncorrected standard errors.8 Only one of the three macro-environmental variables, 

i.e., HHI, is significantly estimated. Its negative coefficient estimate reflects that 

banks in more concentrated markets are more technically efficient. 

Koutsomanoli-Filippaki et al. (2009) yield similar evidence. This result can be 

justified using the contestable theory, proposed by Baumol (1982). When those 

markets under consideration become more concentrated, incumbent banks behave 

competitively to discourage entry; otherwise higher prices and profits will induce 

potential competitors to enter and to share the market. A number of works 

investigating transition countries, such as Mamatzakis et al. (2008), Fries and Taci 

(2005), and Yildirim and Philippatos (2007) reach similar findings. 

        [Insert Table 2 Here] 

We next use the parameter estimates to compute the conditional mean of mU  in 

(10), which is exactly the TGD estimate. Table 3 presents the average TGD measures 

over time and various mean inefficiency measures for each sample country. Moreover, 

Figure 2 draws the trend of these average TGD measures. The measure falls from 

1996 to 1998 and then rises until 2003, or the year before some of the sample 

countries joined the EU. The measure goes down in the first two years after entering 
                                                       
8  There are merely 15 estimates attain statistical significance on the ground of corrected standard 
errors. This confirms that the composed error is indeed heteroskedastic, which causes the original 
standard errors to be underestimated and then the t-statistics tend to lie in the critical region. 
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the EU, followed by three years of slight increases. Generally speaking, a 

representative bank’s TGD measure in the CEE countries slightly worsens during the 

sample period, and enrollment in the EU prompts an increase in an average bank’s 

technology somewhat. 

        [Insert Table 3 Here] 

        [Insert Figure 2 Here] 

   The average TGD measure is equal to 5.32, which gauges the difference between 

the metafrontier and the group-specific frontier. An average bank is able to produce 

5.32 million US dollars of more desirables and less undesirable, respectively, and to 

employ 5.32 million US dollars of fewer inputs, if it adopts the potential technology 

to provide financial products. Latvia has the lowest mean TGD (2.68), followed by 

Slovenia (2.79) and Moldova (3.00), while Czech Republic (17.77), Serbia (13.91), 

and Romania (10.47) are at the other end of the spectrum. It is noticeable that most of 

the countries have higher average TGDs than their average technical inefficiency 

measures, with the exception of Slovenia. This implies that the main source of 

inefficiency comes from the failure of our sample banks to undertake the potential 

technology, instead of managerial inabilities. Bank managers are suggested to adopt 

new innovations swiftly to enhance their production technology in such a way as to be 

able to produce on the metafrontier. By doing so, their outputs can be largely 

increased, accompanied by a decrease in both inputs and the undesirable output. 

   Figure 3 depicts the scatter diagram for each country with the horizontal and 

vertical axes being the mean values of the group-specific technical inefficiency score 

and TGD, respectively. Countries located at the lower-left quadrant reflect that their 

banks outperform those of the remaining countries in the other three quadrants on 

average, because the former have a smaller average inefficiency score and a narrower 

average technology gap. In this regard, banks in Latvia, Bosnia, Bulgaria, Estonia, 
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Croatia, Hungary, Lithuania, Moldova, Macedonia, Slovakia, and Ukraine perform 

relatively well. 

   The average technical inefficiency of Romania’s banks stands the highest, along 

with the third highest average TGD, indicating that their managerial abilities and 

production technology have large room for improvement. Banks in Poland, Russia, 

and Slovenia have worse technical efficiency measures, but adopt advanced 

production technology, while the reverse is true for banks in Czech Republic and 

Serbia. The two countries’ banks have better managerial abilities, but undertake less 

sophisticated technology. 

            [Insert Figure 3 Here] 

 

6. Concluding Remarks 

   The current paper has applied the MDDF to compute and compare production 

efficiencies of banks in 17 CEE countries, in which the banking industry of each 

country is assumed to have potential access to the same technology, but each bank 

chooses to operate on a different part of technology frontier. The directional distance 

function appears to be a better choice for estimating banking efficiency, since it 

allows for gauging a bank’s efficiency from the orientations of inputs, outputs, and 

undesirables at the same time. As the undesirables - loan loss reserves - are jointly 

produced with some desirables - various loans - and the disposal of the undesirables 

requires the use of resources and adversely affects the production of desirables, it is 

suggested that researchers include the undesirables in their econometric models in 

order to appropriately characterize a bank’s production process, as well as to correctly 

measure its technical efficiency. Moreover, the employment of the MDDF enables the 

technology gap to be evaluated for banks under different technologies relative to the 

potential technology available to the industry as a whole in the framework of the 
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stochastic frontier approach, as opposed to the programming technique proposed by 

Battese et al. (2004). One of the advantages of our MDDF is that the technology gap 

can be further related to a group of environmental variables, which is infeasible in the 

context of programming techniques.  

   Evidence is found to verify that the banking industries of the 17 CEE countries do 

indeed adopt different technologies. This justifies the validity of the MDDF in the 

comparison of technical efficiencies among groups. Some of the environmental 

variables are found to have significant impacts on the group frontiers and the 

metafrontier, confirming the usefulness of the stochastic metafrontier model. 

   Our empirical study shows that the average TGDs substantially vary across 

countries and exceed average technical inefficiency scores in most countries, while 

those mean TGDs present no clear trend during the sample period. Bank managers 

should promote their production technology by quickly responding to financial 

innovations in such a way as to shift their group frontiers closer to the metafrontier. 

As the average technical inefficiency score is relatively small to the average TGD of 

the same country, managerial inability appears to be less of an issue. 

   The production of undesirables is almost inevitable in many industries, such as 

manufacturing and banking sectors, and it requires the disposing of consuming 

resources. The exclusion of undesirables from the model is apt to mislead the 

subsequent results. Therefore, using the directional distance function by the current 

paper is more preferable. This is confirmed in Subsection 5.4, where the model 

ignoring the undesirables tends to underestimate the technical inefficiency scores. 

   For future research studies, our MDDF can be extended to measure and compare 

productivity change for banks in different countries under the framework of the 

Luenberger productivity indicator. Since these indicators of different groups are 

evaluated relative to the same metafrontier, they are comparable and able to provide 
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insightful information, or more specifically, whether productivity change is driven by 

technical efficiency change or technological change has different implications to 

managers, business consultants, and regulatory authorities. 
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Table 1. Average group-specific technical inefficiency over time 

 1995 1996 1997 1998 1999 2000 2001 2002 

Bosnia (BA) NA 1.50 0.74 1.28 1.10 1.16 1.23 0.90 

Bulgaria (BG) 0.95 0.86 2.07 1.30 1.37 1.66 1.52 0.91 

Czech (CZ) 1.39 10.04 1.97 6.25 5.77 2.97 1.97 2.88 

Estonia (EE) 0.96 1.48 0.82 1.01 0.70 1.01 0.47 0.71 

Croatia (HR) 2.44 1.57 1.27 1.27 2.32 2.03 1.98 1.93 

Hungary (HU) 3.75 2.71 2.21 1.94 1.53 1.41 1.08 0.70 

Lithuania (LT) 0.83 1.60 1.12 1.22 1.40 0.80 1.01 0.80 

Latvia (LV) 1.73 1.24 0.89 2.41 2.20 1.27 1.35 1.41 

Moldova (MD) 2.71 2.82 2.58 2.83 2.54 2.61 2.49 2.75 

Macedonia (MK) 0.58 0.26 0.15 0.34 0.31 0.35 0.44 0.27 

Poland (PL) 1.57 1.06 2.79 2.98 3.39 3.83 8.44 18.00

Romania (RO) 29.08 11.37 0.51 0.96 9.48 2.79 5.17 4.38 

Serbia (RS) 1.28 1.92 2.21 1.43 3.02 2.54 2.99 2.30 

Russia (RU) 19.36 15.01 18.63 10.46 5.49 6.33 5.19 4.61 

Slovenia (SI) 5.04 2.46 2.54 1.95 2.38 3.04 9.64 5.04 

Slovakia (SK) 1.03 3.98 2.70 3.01 0.83 0.67 2.89 1.18 

Ukraine (UA) 0.88 0.90 0.45 0.48 0.48 1.84 1.47 1.27 

 2003 2004 2005 2006 2007 2008 Mean  

Bosnia (BA) 1.31 1.47 1.43 1.48 1.25 1.21 1.24  

Bulgaria (BG) 0.61 1.99 1.73 2.03 1.62 1.59 1.53  

Czech (CZ) 3.17 1.80 1.70 1.31 1.05 1.68 2.90  

Estonia (EE) 1.28 0.37 1.03 0.75 0.12 2.79 0.97  

Croatia (HR) 1.52 1.84 2.62 3.08 1.98 2.23 1.98  
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Hungary (HU) 1.20 1.20 2.32 4.91 1.75 0 2.13  

Lithuania (LT) 0.81 1.00 0.95 1.14 0.91 1.95 1.09  

Latvia (LV) 1.47 1.46 0.98 0.86 1.69 3.84 1.61  

Moldova (MD) 2.45 2.63 2.54 2.54 2.59 2.56 2.58  

Macedonia (MK) 0.88 0.33 0.30 0.27 0.36 0.53 0.38  

Poland (PL) 8.33 5.64 5.58 1.67 2.88 4.63 4.11  

Romania (RO) 4.40 3.61 7.18 9.04 11.10 5.49 5.94  

Serbia (RS) 3.23 2.48 2.48 2.09 2.67 3.97 2.68  

Russia (RU) 4.74 3.13 2.72 2.99 3.51 3.80 3.66  

Slovenia (SI) 5.41 7.71 3.18 3.43 3.07 3.77 3.82  

Slovakia (SK) 0.61 1.45 1.94 1.26 1.30 1.35 1.79  

Ukraine (UA) 1.24 1.73 2.40 2.22 2.21 4.36 2.03  

 

Table 2. Parameter estimates of the MDDF 

Variables Parameter 

Estimates 

Variables Parameter 

Estimates 

Variables Parameter 

Estimates 

Variables Parameter 

Estimates 

Intercept 1.78E-01 

(1.00E+00) 

[1.81E-1] 

x2
2 -1.94E-05 

(6.05E-06)*** 

[1.73E-05] 

y3x2 4.36E-05 

(1.84E-05)** 

[6.05E-05] 

ty2 1.73E-02 

(4.89E-04)*** 

[3.21E-03]*** 

y1 -3.90E-01 

(8.08E-03)*** 

[4.66E-01] 

x3
2 3.04E-05 

(6.40E-06)*** 

[3.03E-04] 

y3x3 -1.12E-05 

(1.46E-06)*** 

[3.60E-06]*** 

ty3 -6.04E-04 

(2.25E-03) 

[6.54E-03] 

y2 -3.85E-01 

(2.68E-03)*** 

[2.23E-02]*** 

b2 3.16E-05 

(1.03E-06)*** 

[6.51E-05] 

x2x3 1.14E-05 

(7.02E-06)* 

[5.16E-05] 

tx2 2.25E-02 

(1.07E-03)*** 

[1.10E-02]** 

y3 -2.39E-02 

(8.75E-04)*** 

[6.42E-02] 

y1y2 -2.37E-05 

(4.61E-06)*** 

[9.71E-06]** 

y1b -2.18E-05 

(9.86E-07)*** 

[4.27E-05] 

tx3 -6.39E-03 

(8.04E-04)*** 

[1.41E-02] 

x2 -1.74E-01 

(2.04E-02)*** 

[1.03E-01]* 

y1y3 8.65E-06 

(8.76E-07)*** 

[2.32E-06]*** 

y2b 1.88E-05 

(4.24E-06)*** 

[5.97E-06]*** 

tb 2.59E-02 

(1.09E-03)*** 

[1.24E-02]** 

x3 9.64E-02 

(2.97E-02)*** 

[3.99E-01] 

y2y3 1.90E-05 

(5.86E-07)*** 

[7.77E-06]** 

y3b 2.17E-06 

(1.50E-05) 

[5.05E-05] 

Intercept -3.50E+02 

(1.00E+00)***

[3.12E-02]*** 

b 2.47E-05 

(3.53E-06)*** 

[3.29E-05] 

y1x2 -4.61E-05 

(1.18E-05)*** 

[3.22E-05] 

x2b -4.85E-05 

(1.02E-05)*** 

[3.56E-05] 

RGDP -2.16E-01 

(9.98E-01) 

[7.75E-01] 
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y1
2 -2.66E-05 

(3.40E-06)*** 

[1.23E-05]** 

y1x3 9.44E-06 

(8.67E-06) 

[3.45E-05] 

x3b 1.39E-05 

(9.73E-06)* 

[2.70E-05] 

PD 1.72E-04 

(2.03E-04) 

[2.18E-04] 

y2
2 2.00E-06 

(7.03E-06) 

[1.68E-05] 

y2x2 -3.58E-05 

(1.01E-05)*** 

[2.54E-05] 

t 6.43E-01 

(9.04E-01) 

[2.62E+00] 

HHI -2.46E-02 

(1.91E-03)*** 

[1.57E-02] 

y3
2 7.26E-07 

(1.31E-06) 

[7.76E-06] 

y2x3 2.08E-05 

(1.07E-06)*** 

[2.65E-05] 

t2 -2.76E-02 

(1.29E-03)*** 

[3.58E-03]*** 

σ2 2.36E+03 

(1.00E+00)***

[3.64E+02]***

likelihood -0.3292E+05   ty1 1.55E-02 

(8.68E-04)*** 

[1.59E-02] 

gamma 9.73E-01 

(1.33E-02)*** 

[4.28E-02]*** 

Note:  ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. 

     Numbers in brackets are corrected standard errors suggested by White (1982). 

 

Table 3.  Average TGD over time and various inefficiency estimates across countries 

  

Year TGD  Country TGD Group-specific 

Ineff. 

Overall Ineff.    

1995 4.87  BA 7.58 1.24 8.82    

1996 5.89  BG 5.65 1.53 7.18    

1997 4.75  CZ 17.77 2.9 20.67    

1998 3.21  EE 5.22 0.86 6.08    

1999 3.77  HR 5.12 1.98 7.10    

2000 4.44  HU 5.30 2.13 7.43    

2001 5.06  LT 6.76 1.09 7.85    

2002 4.56  LV 2.68 1.61 4.29    

2003 6.43  MD 3.00 2.58 5.58    

2004 5.45  MK 6.16 0.38 6.54    

2005 4.92  PL 8.44 4.11 12.55    

2006 5.29  RO 10.47 5.94 16.41    

2007 5.64  RS 13.91 2.68 16.59    

2008 6.09  RU 4.34 3.66 8.00    

Average 5.32  SI 2.79 3.82 6.61    

   SK 5.70 1.79 7.49    

   UA 5.90 2.03 7.93    
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Figure 2. The trend of average TGD measures 
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Figure 3. Scatter diagram 
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