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Abstract. Data Envelopment Analysis (DEA) has been applied in
many studies in the banking sector. Conventional DEA models consider
the system as a single-process black box. There are however a number of
so-called network DEA approach that consider the system as composed
by distinct processes or stages, each one with its own inputs and outputs
and with intermediate flows among the stages. In this paper some of
these approaches that have been applied to banking sector are reviewed
and in particular applications of two-stage DEA to Iranian banking
branches are presented and discussed. The conclusions of this research
are that two-stage DEA models have a greater discrimination power
than conventional, single-process DEA and since they allow a more fine-
grained analysis their results are generally more valid and useful. The
main drawback is the need for more detailed data (i.e. at the process
level) and the greater complexity of the resulting models, especially if
there are inputs or outputs that are shared among the processes.
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1. Introduction

The improvement of performance for public or private banks is an im-
portant way for any country’s progress. Measuring and evaluating the
operating efficiency of bank branches require analytic techniques that
provide insights beyond those available from accounting ratio analy-
sis. Banks have aggressively sought to improve their performance by
improving cash management and marketing new services that attract
additional funds. Evaluating the economic performance of banks, how-
ever, is a complicated process. Often a number of criteria such as profits,
liquidity, asset quality, attitude toward risk, and management strategies
must be considered. The changing nature of the banking industry has
made such evaluations even more difficult, increasing the need for more
flexible alternative forms of financial analysis. Therefore, evaluating the
efficiency requires employing different approaches for determining the ef-
ficiency frontier. There are many researches in this field. Two competing
methods for constructing frontiers are parametric and non-parametric
methods. Data Envelopment Analysis (DEA) is a non-parametric math-
ematical tool for assessing the relative efficiency of homogeneous Deci-
sion Making Units (DMUs). DEA has been applied in many sectors (ed-
ucation, health care, finance, transportation, etc); in particular, there
are many applications of DEA in banking sector. Most of these DEA
studies in Iranian bank sectors consider the units under assessment as a
single process and assume that this aggregate process consumes all the
different inputs and produces all the different outputs (some of them
perhaps undesirable). No modeling of the inner structure of the system
is performed. No sub-process or stages are considered and intermedi-
ate products produced and consumed within the system. This black-
box approach is the most common one in DEA. This paper describes
a particular methodology called Two-stage Data Envelopment Analysis
(DEA), that has been used previously to analyze the relative efficiencies
of industrial firms, universities, hospitals, military operations, baseball
players and, more recently, commercial banks. Data envelopment anal-
ysis (DEA) is an approach for measuring the relative efficiency of peer
decision making units (DMUs) that have multiple inputs and outputs.
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As discussed in many DEA studies, DMUs can have a two-stage struc-
ture where the first stage uses inputs to generate outputs that become
the inputs to the second stage. The second stage thus utilizes these first-
stage outputs to produce its own outputs. We call the first stage outputs
intermediate measures. For example, banks use labor and assets to gen-
erate deposits which are in turn used to generate loan income (Chen and
Zhu, 2004). Kao and Hwang (2008) consider a set of Taiwanese non-life
insurance companies with a two-stage process of premium acquisition
and profit generation. A closer examination of Kao and Hwang (2008)’s
approach reveals that (i) their overall efficiency is defined as the prod-
uct of efficiencies of the two stages, (ii) their models assume constant
returns to scale (CRS), and (iii) their models assume that the weights
(or multipliers) on the intermediate measures are the same for the two
stages. In this paper, in section 2, literature review in banking sector is
reviewed. In section 3, proposal model are presented and in section 4
the empirical study of these approaches are provided. Finally, in section
5, conclusions are drawn and further research outlined.

2. Literature Review

Major local Iranian banks continue to pursue all the opportunities avail-
able to enhance their competitiveness. Consequently, performance anal-
ysis in the banking industry has become part of their management prac-
tices. Top bank management wants to identify and eliminate the under-
lying causes of inefficiencies, thus helping their firms to gain competitive
advantage, or, at least, meet the challenges from other banks. Therefore,
it is critical to determine how to measure organizational performance in
a multi-dimensional structure. In comparison with techniques of assess-
ing organization performance, the method of data envelopment analysis
(DEA) proposed by Charnes et al. (1978) is a better way to organize and
analyze data since it allows efficiency to change over time and requires no
prior assumption on the specification of the efficient frontier. Thus, DEA
is an excellent approach for the performance analysis in banking indus-
try in literature. Data envelopment analysis (DEA) is a non-parametric,
linear programming technique to identify best practices of peer decision
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making units (DMUs) that use multiple inputs to generate multiple out-
puts. The efficiency score of any DMU is determined by comparison with
the DMU located on the efficient frontier as a benchmark. DEA has
been applied in many sectors such as education (Thanassoulis and Dun-
stan, 1994), forest management (Kao et al., 1993), insurance (Mahajan,
1991), library management (Hammond, 2002), life insurance companies
(Cummins et al.,1999), transportation companies (Kerstens,1996), mu-
tual funds (Basso and Funari, 2001), nursing (Nunamaker, 1983),airlines
(Schefczyk, 1993),telecommunications (Uri, 2001), hospitals (Chilinge-
rian and Sherman, 1990), transportation companies (Kerstens, 1996),
hotels (Barros, 2005) etc. There are also many studies have used DEA to
examine the performance of the banking industry. Drake and Howcroft
(2002) assessed the relative efficiency of UK clearing bank branches us-
ing DEA method. This paper utilized the basic efficiency indices and
extended the analysis by examining the relationship between size and
efficiency, Aly, Grabowski, Pasurka, and Rangan (1990) evaluated the
technical efficiency, scale efficiency, and allocative efficiency of 322 in-
dependent USA banks in 1986. Results indicated that 35In many real
world scenarios, DMUs have a two-stage network process and due to this
reason, DEA has been extended to examine the efficiency of two-stage
processes, where all the outputs from the first stage are intermediate
measures that make up the inputs to the second stage. Wang et al.
(1997) present a two-stage process in the banking industry where the
banks use inputs (to the first stage) of fixed assets, labor and informa-
tion technology (IT) investments to generate deposits. The banks then
use the deposits (intermediate measure) to generate loans and profits (as
the outputs). Seiford and Zhu (1999) examined the performance of the
top 55 US banks using a two-stage DEA approach. Results indicated
that relatively large banks exhibit better performance on profitability,
whereas smaller banks tend to perform better with respect to marketabil-
ity. Kao and Hwang (2008) develop a different approach where the entire
two-stage process can be decomposed into the product of the efficiencies
of the two sub-processes. As a result, both the overall efficiency and
each stage’s efficiency are obtained. Sexton and Lewis (2003) propose
a two-stage process for evaluating Major League Baseball performance.
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Chilingerian and Sherman (2004) describe another two stage process in
measuring physician care. Bhattacharya, Lovell, and Sahay (1997) used
a two-stage DEA approach to examine the impact of liberalization on the
efficiency of the Indian banking industry. In the first stage a technical
efficiency score was calculated, whereas in the second stage a stochastic
frontier analysis was used to attribute variation in efficiency scores to
three sources: temporal, ownership and noise component. One of the
drawbacks of traditional DEA models is the ignorance of intermediate
measures or linking activities. To resolve this drawback, we apply rela-
tional network DEA proposed by Kao (2009) to construct a performance
evaluation model for the Iranian bank. The proposed model provides
not only an overall efficiency score of entire process but evaluates the
individual stages.

3. Proposal Model

The performance of banks is aggregated from the efforts of different
stages, but also relies on the bank as a whole. For example, the bank per-
formance depends on the combination of marketability and profitability.
Evaluating the efficiency of multiple inputs and outputs using a single
process, as is the case in most DEA papers on bank performance evalu-
ation, will be problematic because this single process evaluation ignores
the efficiency of internal structure within the bank. Furthermore, the
results cannot explain the relationships between the efficiency of each
stage and the efficiency of the organization as a whole. To resolve the
drawback mentioned above, we apply the two-stage network DEA model
by Kao (2009) to construct a performance evaluation model, which aims
to evaluate the bank based on efficiency of different stages. The bank
can be viewed as an entity in which two inter-related operations are
performed shown in Fig. 1. At the first stage, funds are collected from
the customers in the form of deposits by consuming the bank resources
such as fixed assets, number of employees, and IT budget. At the sec-
ond stage, banks use the value of exchange deposits for investing other
activities and loan benefits to get more profit (Wu et al., 2006, 2007;
Wang et al., 1997).
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This study aims to evaluate the efficiency of ”marketability” and ”prof-
itability” stages and overall organization, and furthermore, to discover
the relative contributions of efficiency of each stages to the overall per-
formance of the bank.
In the phase of ”marketability”, the model aims to measure the ability
of bank to transform fixed assets, employee and IT budget into deposits,
non-operational income, and commission. Therefore, this research uses
fixed assets (x1), No. of employees (x2), and IT budget (x3) as inputs,
and uses deposits (z1), non-operational income (z2), and commission
(z3) as intermediate outputs to measure the marketability of the bank.
In the phase of ”profitability”, we measure the ability to transform de-
posits, non-operational income, and commission into profit, loan benefit,
and net income for the bank. We use the intermediate outputs from the
”marketability” as inputs and the profit (y1), fraction of loan recovered
(y2), and net income (y3) as outputs to measure the ”profitability” of
bank. Finally, ”bank performance” represents the overall performance
of the bank.
The proposed network performance evaluation model for banks is de-
scribed by the following linear program:

Ec
0entralized =Max

s
(r=1)
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m∑
(i=1)

vixio = 1 (1.1)

s∑
(r=1)

uryrj−
m∑

(i=1)

vixij 6 0 j = 1, ..., n (1.2)

D∑
(d=1)

wdzdj−
m∑

(i=1)

vixij 6 0 j = 1, ..., n (1.3)

s∑
(r=1)

uryrj−
D∑

(d=1)

wdzdj 6 0 j = 1, ..., n (1.4)

vi > 0, i = 1, ...,m; ur > 0, r = 1, ..., s; wd > 0, d = 1, ..., D (1.5)

Where vi, ur, and wd are the unknown non-negative weights. Let X ∈
Rm denote a (1*m) vector of inputs, and Y ∈ Rs denote a (1*s) vec-
tor of outputs, and Z ∈ RD denote a (1*D) vector of intermediate
inputs/outputs variable.
Note that Eq. (1.2) is redundant in Kao and Hwang’s (2008) model,
since Eq. (1.3) and (1.4) imply Eq. (1.2). Model (1) provides the over-
all efficiency of the ”marketability” and ”profitability” stages.
The dual format of above model can be formulated as follows:

Ec
0entralized = Minθ (2.0)

n∑
(j=1)

λjxij +s−i = θxio i = 1, ...,m (2.1)

n∑
(j=1)

(λj−µj)zdj−s+
Id = 0 d = 1, ..., D (2.2)

n∑
(j=1)

µjyrj−s+
r = yro r = 1, ..., s (2.3)

λj , µj , s
−
i , s+

Id, s
+
r > 0 j = 1, ..., n (2.4)

Eq. (1.1) represents the resource of oth DMU put into network process
for marketability. Eq. (1.2) corresponds to the overall efficiency of
each DMU. Eq. (1.3) represents stage1, which uses fixed assets, No.
of employees, and IT budget as inputs and deposits, non-operational
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income, and commission as the intermediate outputs to measure the
marketability efficiency. Eq. (1.4) represents stage2, which uses the
intermediate outputs from stage1 as an inputs and profits, loans, and
net income as an output to measure the profitability efficiency. The
overall performance of oth DMU could be formulated as Eq. (1.0),
representing the objective function set by oth DMU to maximize the
profit and fraction of loan recovered.
Assume the model (1) yields a unique solution, we can obtain E

(1)
o and

E
(2)
o as the efficiencies for the ”marketability” and ”profitability” stages,

respectively. In following Eq. (3.0) and Eq. (3.1) the v∗i , u
∗
r ,and w∗

d

represent the optimal multipliers of the mathematical model proposed.

E
(1)centralized
o =

∑D
(d=1) w∗

dzdo/∑m
(i=1)

v∗
i

xio =
D∑

(d=1)

w∗
dzdo (3.0)

E
(2)cenralized
o =

∑s
(r=1) u∗

ryro /∑D
d=1 w∗

dzdo
(3.1)

If we denote the optimal value of model (1) as Ecentralized
o , Ecentralized

o

yields as follows:
Ec

oentralized = E
(1)centralized
o .E

(2)centralized
o (3.2)

As noted in Kao and Hwang (2008), optimal multipliers from model (1)
may not be unique. They proposed deriving the maximum achievable
value ofE(1)

o or E
(2)
o . Kao and Hwang’s (2008) model can also be used to

test whether E
(1)
o and E

(2)
o , obtained from model (1), are unique (Liang

et.al 2008). The maximum achievable value of E
(1)
o can be calculated as

follows:

E
(1)+
o = Max

D∑
d=1

wdzdo (4.0)

Subject to

m∑
i=1

vixio = 1 (4.1)

s∑
r=1

uryro = Ec
oentralized (4.2)
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D∑
d=1

wdzdj −
m∑

i=1
vixij 6 0j = 1, ..., n (4.3)

s∑
r=1

uryrj−
D∑

d=1

wdzdj 6 0j = 1, ..., n (4.4)

vi > 0, i = 1, ...,m; ur > 0, r = 1, ..., s; wd > 0, d = 1, ..., D (4.5)

So, according to above model (3), the minimum of E
(2)−
o is yielded as

follows:

E
(2)−
o =Ec

oentralized /
E

(1)+
o

(4.6)

And the maximum value of E
(2)+
o can be determined by the following

linear program:

E
(2)+
o = Max

s∑
r=1

uryro (5.0)

Subject to

D∑
d=1

wdzdo = 1 (5.1)

s∑
r=1

uryro−Ec
oentralized.

m∑
i=1

vixio = 0 (5.2)

s∑
r=1

uryrj−
D∑

d=1

wdzdj 6 0j = 1, ..., n (5.3)

D∑
d=1

wdzdj−
m∑

i=1
vixij 6 0j = 1, ..., n (5.4)

vi > 0, i = 1, ...,m; ur > 0, r = 1, ..., s; wd > 0, d = 1, ..., D (5.5)

The minimum of E
(1)−
o is also calculated as follow:

E
(1)−
0 =Ec

0entralized /
E

(2)+
0

(5.6)

Note that
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E
(1)−
o = E

(1)+
o if and only if E

(2)−
o = E

(2)+
o .

Note also if E
(1)−
o = E

(1)+
o orE

(2)−
o = E

(2)+
o ,

then

E
(1)centralized
o and E

(2)centralized
o are uniquely determined by model (1). If

E
(1)−
o 6= E

(1)+
o or E

(2)−
o 6= E

(2)+
o , (Liang et.al 2008) develop a procedure

to gain an alternative decomposition of E
(1)centralized
o and E

(2)centralized
o .

The aim of performance decomposition is to understand the relative
contribution of ”marketability” and ”profitability” to overall bank per-
formance. According to the decomposition results, bank managers could
improve the components with a weaker contribution to enhance the over-
all performance of the bank. When compared with the conventional
DEA model, we find that the two-stage network DEA model is more
stringent. The evaluation results of two-stage network DEA model could
provide managerial insights for increasing efficiency.

4. Empirical Study

Based on the proposal model which described above, we apply the two-
stage network DEA model to evaluate the performance of Iranian bank
in 2010. In this study, Iranian bank is comprised of 37 branches divided
into ”marketability” and ”profitability” stages. At the first stage, this
research uses fixed assets (x1), No. of employees (x2), and IT budget
(x3) as inputs, and uses deposits (z1), non-operational income (z2), and
commission (z3) as intermediate outputs to measure the marketability of
the bank, and at the second stage, we use the intermediate outputs from
the ”marketability” as input and the profit (y1), fraction of loan recov-
ered (y2), and net income (y3) as outputs to measure the ”profitability”
of bank. Based on proposed model and using WINQSB package, the
overall performance of each bank was obtained (relied on model (1)),
and the maximum achievable value of first stage and the minimum value
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of second stage are determined by model (4) (see Table 1). From the
calculation of performance decomposition using model (4), we obtained
the optimal multipliers and the relative contribution of each stage to
the overall performance of the bank. Decomposition results are shown
in Table 1.
According to the dual format of the proposed model (model 2), and
in respect to inefficient DMUs, slack/surplus variable analysis realizes
the status of input resource application and finds inefficiency source
and improves the extent of corresponding attribute value (see Table 2).
The results of table 2 provide the bank management with a direction
for resource reallocation. Take DMU 19 with worst overall efficiency
for example. The improvable spaces of this DMU’s input items are (0,
0.417868, and 0), and the improvable spaces of its output items are
(9673737400, 12076484.2, and 0). Efficiency will improve for DMU 19
when the No. of employee (x2) has to decrease by 0.417868 units, profit
(y1) has to increase by 9673737400 units, and non-operational income
(y2) has to increase by 12076484.2 units.
Based on CCR model the result obtained that the 22nd DMU is more ef-
ficient than others. Regarding the marketability stage, DMU 13, DMU
16, DMU 21, DMU 22, and DMU 23 are performed efficiently. Only
DMU 27 is performed efficiently for the profitability stage. The results
revealed that, in average, very few banks have efficiently transformed
their resources into deposits, non-operational incomes, and net incomes,
and that overall, profitability stage are more efficient than marketability
stage.
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5. Conclusion

This paper is the first application of relational network DEA proposed
by kao (2009) to construct a network performance evaluation model for
banking sector in Iran. The proposed model evaluates the performance
of different network branches of Iranian bank. Comparing with previous
branch studies, this two-dimensional efficiency analysis shows a signif-
icantly more comprehensive evaluation of bank branches performance,
which is also likely to be better accepted by branch level management.
The empirical study considers 37 bank branches in Iran which provides
detailed results on overall efficiency and efficiency of each stage sep-
arately. In addition the ranking of the branches across their ability
to marketing and making profit could be provided as benchmarks for
branches to adopt in order to improve their performance. Generally,
the present study may provide a starting point for further investiga-
tion and validation into the efficiency of Iranian bank sector .We hope
that branches improve their overall performance through comprehensive
performance evaluation which leads to an increase in competitiveness of
banking sector in Iran. Conventional DEA models for measuring the effi-
ciency of a system treat systems as a black-box, disregarding its internal
structure .More reprehensive and informative results can be obtained
if interactions of the component processes within the system are taken
into account. Black-box DEA models estimate the efficiency of DMUs
by assuming that inputs are used to produce only final outputs; in this
paper we go into the black-box details and allow for a two-stage struc-
ture to produce where inputs in first stage produce intermediate outputs
that are transformed in second stage of production to final outputs. We
argue that a two-stage has superiority over traditional DEA if applied
in a banking sector that largely depends on primary deposits.
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