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Abstract
In this paper, we propose a flexible two-stage data envelopment analysis (DEA) approach to evaluate the bank performance.
Specifically, instead of fixing the role of the deposits in an ex-ante manner, the proposed approach regards deposits as a
flexible measure in which it can play different roles for different banks under evaluation. Further, the traditional two-stage
approach that regards deposits as an intermediate measure can be a special case of our proposed approach. Additionally, a
potential Pareto efficiency improvement for multiple perspectives is identified, which can mitigate discontentment arisen
from those fixed-role strategies. The applicability and superiority of the proposed approach is illustrated by assessing the
performance of Chinese listed banks over the period from 2014 to 2018. The empirical results demonstrate consistent
evidence that the inefficiency of the banking system in China is mainly sourced from the value-added stage. However,
different banks may prefer to clarify different roles for the deposits, demonstrating the importance of employing the
proposed flexible approach.
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1 Introduction

The banking industry plays an important role in supporting
the nation’s economic development (An et al. 2015). For
China, the banking system dominates the country’s financial
system to a large extent (Allen et al. 2005). Between 1949
and 19781, the People’s Bank of China served as the only
commercial bank in China. However, after China joined the

World Trade Organization (WTO) in 2001, a variety of
foreign banks and joint-equity commercial banks partici-
pated in China’s banking market, which increased the
competition pressure of China’s banking industry sig-
nificantly (Chen et al. 2019). It is well-known that bank
performance analysis is a crucial strategic issue for sus-
tainable competitive advantages. Consequently, it is
important and necessary to evaluate bank performance such
that one may have an in-depth understanding of individual
banks as well as the banking industry (An et al. 2015).

Since the pioneering works of Farrell (1957) and Charnes
et al. (1978), data envelopment analysis (DEA) has proved
to be an effective non-parametric technique for evaluating
the relative efficiency of a set of decision making units
(DMUs) in homogeneous environments (Cook et al. 2013).
Due to its various advantages (e.g., without requiring to
specify the functional form of the production technology),
DEA has become one of the most frequently used techni-
ques for measuring bank performance (Fethi and Pasiouras
2010; Paradi and Zhu 2013). Sherman and Gold (1985) is
among the first to apply DEA to bank performance eva-
luation and since then DEA has been explored extensively
in the application of the banking industry from various
perspectives (An et al. 2015; Asmild and Matthews 2012;
Camanho and Dyson 2005; Fethi and Pasiouras 2010;
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1 The People’s Republic of China was established in 1949, and the
reform and opening-up policy was introduced until 1978.
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Fujii et al. 2014; Fukuyama and Matousek 2017; Fukuyama
and Matousek 2018; Juo et al. 2016; Kao and Liu 2004;
Portela and Thanassoulis 2007; Schaffnit et al. 1997; Staub
et al. 2010; Wang et al. 2014; Yang and Morita 2013; Yu
et al. 2021; Zha et al. 2016).

It is well-known that the classification of inputs and
outputs is important prior to performance evaluation. As
emphasized in Fethi and Pasiouras (2010), except for the
deposits, there is typically an agreement on the main cate-
gories of inputs and outputs. However, the dilemma of
whether to consider deposits as an input or an output has
perplexed researchers for a long time (Fukuyama et al.
2020; Holod and Lewis 2011). In traditional DEA para-
digms, performance evaluation is conducted from a single
perspective, i.e., the input/output status of each variable is
pre-specified prior to efficiency analysis. In practice, how-
ever, an indicator (e.g., the deposits) may play distinct roles
from different perspectives (Yang and Morita 2013). This
potentially leads to different treatments on these con-
troversial measures. For example, Fethi and Pasiouras
(2010) find the role of deposits is considered as an input in
around 95 applications while an output in 20 applications.

By thoroughly investigating the existing studies on this
controversy, we can find three main distinct approaches:
the production approach (see, e.g., Benston 1965), the
intermediation approach (see, e.g., Hughes and Mester
2008), and the two-stage approach (see, e.g., Holod and
Lewis 2011). In Table 1, we provide the detailed classi-
fication of studies based on different approaches. In
general, prior studies have contributed significantly to the
literature on solving the deposit dilemma while assessing
bank performance. However, there seems to be no over-
whelming alternatives as each has its superiority and can
be theoretically justified. As such, efficiency scores esti-
mated by these approaches are likely to vary with dif-
ferent perspectives. Consequently, important questions
need to be considered include: How to evaluate bank
performance given the deposit dilemma mentioned above?
Does there exist an alternative performance evaluation
scheme such that it coordinates various perspectives and
provides possible efficiency improvement compared with
existing approaches?

To answer these questions, we develop a novel two-stage
DEA approach in which bank deposits are considered as a
flexible measure. Specifically, building on the work of
Holod and Lewis (2011), we consider a two-stage bank
production process (the value-added subsystem and the
profit-earning subsystem). However, instead of fixing the
deposits as an intermediate measure, we consider three
possible scenarios the deposits could play in the bank
production system. In scenario I, the deposits are considered
as a final output of the value-added subsystem, which is
consistent with the idea of the production approach (e.g.,

Camanho and Dyson 2005; Das et al. 2009; Portela and
Thanassoulis 2007; Schaffnit et al. 1997). In scenario II, the
deposits are regarded as an input of the profit-earning
subsystem, which inherits the idea of the intermediation
approach (e.g., Fu et al. 2016; Fujii et al. 2014; Juo et al.
2016; Kao and Liu 2004). In scenario III, the deposits are
considered as an intermediate product, which is similar in
spirit to the two-stage approach (e.g., Fukuyama and
Matousek 2017; Fukuyama and Matousek 2018; Halkos
and Tzeremes 2013; Holod and Lewis 2011; Sun et al.
2017; Zha et al. 2016). Moreover, we further consider the
possibility of treating deposits as part of final outputs when
it is classified as an intermediate measure. This is consistent
with the fact that banks are required to prepare deposits
(also known as reserve against the deposits) in the central
bank for customer’s needs of deposits withdrawing and
funds clearing.

In general, this paper contributes to the literature in
several aspects. First, we contribute to the extant research
by developing a novel two-stage DEA approach for bank
performance analysis. This approach generally provides
an alternative solution to the well-known deposit dilemma
emphasized in Holod and Lewis (2011). Moreover,
instead of fixing the role of the deposits in an ex-ante
manner, our proposed approach coordinates various per-
spectives on bank deposits such that the evaluation results
can be more acceptable. Importantly, those recently
investigated two-stage approaches, which consider the
deposits as an intermediate measure can be special cases
of our proposed approach.

Second, the present paper also adds to the growing lit-
erature on classifying inputs and outputs using the DEA
framework. While substantial advances in two-stage DEA
models have been made (see Table 1), to the best of our
knowledge, there is no research to coordinate multiple
perspectives while considering the internal structure in the
bank performance evaluation. As such, our work could be
very useful in guiding the implementation of efficient bank
operations. For example, under our proposed performance
evaluation mechanism, the individual banks could have a
better understanding of the role of deposits, and thus have
more insights into the projected values associated with
concerned input/output measures.

Finally, we also contribute to the empirical investiga-
tion on the performance status of the Chinese banking
industry. We find that under the decentralized case, dif-
ferent banks may prefer to classify different roles of the
deposits. Moreover, banks in general enjoy a Pareto
improvement compared with the traditional two-stage
approach that considers the deposits as an intermediate
measure. Besides, the inefficiency of the banking system
in China is mainly sourced from the value-added stage
rather than the profit-earning stage. However, the
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efficiency gap between the two sub-stages is likely to
narrow, especially for 2018.

The remainder of this paper is organized as follows.
Section 2 gives a brief review of the role of deposits and
flexible measures. In Section 3, we introduce our novel two-
stage DEA model that regards the role of deposits as a
flexible measure. Section 4 provides an empirical illustra-
tion of our proposed approach. The conclusions and direc-
tions for future studies are presented in Section 5.

2 Related literature

Our work at least contributes to two strands of the literature.
On the one hand, it contributes to the literature on the

selection of the role of deposits in DEA-based bank per-
formance analysis (see reviews in Fethi and Pasiouras 2010;
Paradi and Zhu 2013). On the other hand, this study also
extends the literature on classifying those flexible measures
in the DEA applications.

2.1 The role of deposits in bank performance
estimation

One of the most important issues in evaluating bank per-
formance is the identification of inputs and outputs
(Camanho and Dyson 2005). As discussed earlier, except
for the deposits, there is typically an agreement on the main
categories of inputs and outputs (Fethi and Pasiouras 2010).
For the aim of facilitating the selection of inputs and

Table 1 Classification of studies
on DEA-based bank
performance evaluation

References The production
approach

The intermediation
approach

The two-stage
approach

others

Sherman and Gold (1985) ×

Schaffnit et al. (1997) ×

Kao and Liu (2004) ×

Camanho and Dyson
(2005)

×

Portela and Thanassoulis
(2007)

×

Das et al. (2009) ×

Staub et al. (2010) ×

Holod and Lewis (2011) ×

Asmild and Matthews
(2012)

×

Halkos and Tzeremes
(2013)

×

Matthews (2013) ×

Akther et al. (2013) ×

Wang et al. (2014) ×

Fujii et al. (2014) ×

Fukuyama and Weber
(2015)

×

Epure and Lafuente (2015) ×

Lozano (2016) ×

Juo et al. (2016) ×

Zha et al. (2016) ×

Fu et al. (2016) ×

Sun et al. (2017) ×

Deglinnocenti et al. (2017) ×

Zhou et al. (2017) ×

Fukuyama and Matousek
(2017)

×

Fukuyama and Matousek
(2018)

×

Tavana et al. (2018) ×

Yu et al. (2021) ×
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outputs, Berger and Humphrey (1997) identify two main
approaches: the production and intermediation approaches,
which reflect different perspectives of banking operations.

For the production approach, it focuses primarily on
the neo-classical production function, and banks utilize
labor and capital to offer deposit and loan services for
customers (Camanho and Dyson 2005). Therefore, the
deposits can be regarded as an output in this sense. While
for the intermediation approach, it focuses on bank’s
production of intermediation services (Hughes and Mester
2008). In this approach, banks are perceived as inter-
mediaries between investors and savers. As such, liabil-
ities such as deposits are defined as an input to produce
loans and other earning assets (Berger and Humphrey
1997; Holod and Lewis 2011).

Recently, researches in resolving the deposit dilemma
by opening the “black-box” of the bank production process
have grown rapidly (see, e.g., Akther et al. 2013; Deglin-
nocenti et al. 2017; Fukuyama and Matousek 2017;
Fukuyama and Matousek 2018; Fukuyama and Weber
2015; Holod and Lewis 2011; Kao and Hwang 2008; Wang
et al. 2014; Zha et al. 2016). In this context, deposits are
considered as an intermediate measure, which can be both
an output of the first subsystem and an input of the second
subsystem. Table 1 summarizes the studies based on dif-
ferent approaches.

All aforementioned approaches can be theoretically
justified and it is hard to say that one dominates the others.
However, as the performance evaluation results may vary
with different approaches, it may lead to the inconsistency
problem. Building on the existing studies, we introduce a
novel two-stage DEA approach for the bank performance
analysis. Specifically, instead of pre-designing a fixed-role
for deposits, our proposed approach considers multiple
roles that bank deposits can play. Moreover, we prove that
the traditional two-stage approach that considers the
deposits as an intermediate measure is a special case of our
proposed approach.

2.2 Flexible measures in data envelopment analysis

In traditional DEA applications, the status of each measure
is clearly classified as an input or an output. As emphasized
earlier, some measures can play different roles in different
contexts (Cook and Zhu 2007). Bala and Cook (2003)
develop a two-stage procedure for identifying the status of
flexible measures. In the first stage (also called the variable
selection stage), they use a discriminant model to decide the
input/output status of those flexible measures, then the
corresponding DEA model is applied to the second stage for
identifying efficiency scores of each DMU. Cook and Zhu
(2007) suggest a mixed integer linear programming model
to classify the status of flexible measures. Toloo (2009) and

Toloo (2014) provide important discussions on the feasi-
bility and validity of Cook and Zhu (2007) approach.
Recently, Toloo et al. (2018) present an integrated model to
identify the unique status of the “dual-role” factor in the
presence of imprecise data. Toloo et al. (2018) develop a
new non-radial directional distance approach to classify the
status of flexible measures; specifically, their model con-
siders the input contraction and output expansion simulta-
neously. Abolghasem et al. (2019) introduce the DEA
cross-efficiency evaluation model with flexible measures,
and apply it to healthcare systems. Similar works can be
found in Saen (2011), Joulaei et al. (2019), among others.

In addition to the aforementioned studies, some scholars
have considered flexible measures as dual-role factors,
which serve as intermediate products in the model. Such
practices have been applied to various contexts, including
third-party reverse logistics provider selection (Saen 2010),
corporate sustainability management (Lee and Saen 2012),
green supply chain management (Mirhedayatian et al.
2014), supplier selection (Ding et al. 2015), sustainable
manufacturing (Wu et al. 2017), and the banking industry
(Toloo et al. 2018). The dual-role approach complements
prior studies by allowing certain variables to be both an
input and an output. However, this is a subjective approach
that requires designating the role of those flexible measures
prior to performance evaluation. As indicated by Cook and
Zhu (2007), the dual-role is not flexible, because it is a pre-
designed intermediate output in the production process,
which reduces the flexibility of flexible measures.

In general, prior studies enable the decision maker to
have more insights into the characterization of flexible
measures in DEA applications. However, they all assume
that the production process is a “black-box”, which neglects
the inner structure of the concerned production system.
Building on the two-stage DEA formulations (Chen et al.
2009), we provide a novel two-stage DEA approach which
considers the deposits as a flexible measure. Specifically, a
significant difference between Cook and Zhu’s (2007)
approach and ours is that the former relies on a “black-box”
paradigm to classify the status of flexible measure. In con-
trast, we emphasize the importance of classifying flexible
measures in a two-stage framework. More importantly,
building on the real production process, we also consider the
possibility of classifying part of deposits as the final output
(also known as leakage variable, see Galagedera et al. 2016
for details) while it is classified as an output of the value-
added subsystem. For example, banks are required to pre-
pare deposits (also known as reserve against deposits) in the
central bank for needs of customer’s deposits withdrawing
and funds clearing. To certain extent, this is also a possible
contribution to the bank performance evaluation, which
generally enables the bank manager to have more insights
into the understanding of bank operations.
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3 Methodology

Without loss of generality, assume that there are n DMUs
(also referred to banks) to be evaluated. Following existing
studies (e.g., An et al. 2015; Fukuyama and Matousek 2017;
Guo et al. 2017; Holod and Lewis 2011; Wang et al. 2014),
the operational process of a bank is characterized as a two-
stage process shown in Fig. 1.

As shown in Fig. 1, for each DMUj(j= 1,…,n), its first
stage consumes m inputs Xij(i= 1,…,m) to produce L inter-
mediate products Mlj(l= 1,…,L); its second stage produces s
final desirable outputs Yrj(r= 1,…,s) and P final undesirable
outputs Upj(p= 1,…,P) by consuming the L intermediate
products. For ease of exposition, we assume that there is only
one factor that needs to classify, namely the deposits Zj(j= 1,
…,n), representing the amount of deposits possessed by
DMUj. Indeed, our approach can be easily applied to the
general context with multiple flexible measures.

3.1 An endogenous way to classify the role of the
deposits

In this study, instead of predesigning the role of deposits,
we consider three possible scenarios corresponding to three
possible roles of deposits in the bank production system. As
shown in Fig. 1, in scenario I (Z(1)), the role of deposits is
considered as a final output of the bank production system.
In scenario II (Z(2)), the deposits are considered as an exo-
genous input to the second stage. In scenario III (Z(3)), the
deposits are regarded as an intermediate measure. In fact, it
is obvious that scenario III is equivalent to the frequently
used two-stage approach (e.g., Holod and Lewis 2011). The
motivation of scenario II generally inherits the spirit of the
intermediate approach; for instance, Matthews (2013) and
Lozano (2016) also investigate the possibility of treating
deposits as an exogenous input to the second stage in a
three-stage framework. With regard to scenario I, we actu-
ally build on real bank operations. In other words, from
practical point of view, when deposits are considered as an
output to the first stage, they cannot be fully utilized to
generate revenues. In doing so, it generally provides the
decision maker with a more general approach to coordinate
various perspectives associated with the role of deposits.

In the field of two-stage DEA, one may find two
important strategies available for efficiency evaluation. One
is the multiplicative approach as suggested by Kao and
Hwang (2008), and the other is the additive approach as
proposed by Chen et al. (2009). Both two approaches are
reasonable and meaningful, and could be alternatives of
each other for most of the cases. Except that Kao and
Hwang’s (2008) approach is valid only in constant returns
to scale (CRS) setting, and it cannot be adopted in a more
general network structure (Kao 2014). However, we know
that banks in China are in different development stages, and
may differ in sizes significantly (Wang et al. 2014).
Therefore, following Chen et al. (2009), we regard the
overall efficiency as the weighted sum of the efficiency
values of two subsystems. Similar practices can be found in
Chen et al. (2010b), Premachandra et al. (2012), Avilessa-
coto et al. (2015), Guo et al. (2017), among others.

In addition, for linearization, following Chen et al.
(2009), we assume the weights of intermediate products and
deposits are the same in each stage, i.e., γ= γ1= γ2 and
σ1l ¼ σ2l 8lð Þ. As such, under the variable return to scale
(VRS) assumption, the overall efficiency score Eo of the
assessed DMUo can be calculated by the following model:

Eo ¼ Maxw1 � E1
o þ w2 � E2

o ¼
w1 �

PL

l¼1
σlMloþαbγZoþ 1�αð ÞbγZoþu1Pm

i¼1
viXio

þ

w2 �
Ps

r¼1
μrYro�

PP

p¼1
fpUpoþu2

αbγZoþ 1�bð ÞγZoþ
PL

l¼1
σlMlo

ð1Þ

s:t: 0 �
PL

l¼1 σlMlj þ αbγZj þ 1� αð ÞbγZj þ u1Pm
i¼1 viXij

� 1; j ¼ 1; ¼ ; n

ð1aÞ

0 �
Ps

r¼1 μrYrj �
PP

p¼1 fpUpj þ u2

αbγZj þ 1� bð ÞγZj þ
PL

l¼1 σlMlj

� 1; j ¼ 1; ¼ ; n

ð1bÞ
b 2 0; 1f g ð1cÞ

L � α � U ð1dÞ

u1; u2 free of sign ð1eÞ

Fig. 1 Two-stage process with
deposits acting as a flexible
measure
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vi � 0; σl � 0; γ � 0; μr � 0; fp � 0; 8 i; l; r; p ð1fÞ

In model (1), the objective function is to maximize the
overall efficiency of DMUo. Constraints (1a) and (1b) are
used to obtain the multipliers of DMUo that render the ratio
of weighted outputs over weighted inputs to be not greater
than unity for any DMUj in both two subsystems. In (1c),
we introduce the binary variable b to clarify deposits as an
output of the first stage or an input of the second stage.2

Specifically, when b= 1, the deposits are regarded as an
output of the first stage; otherwise, when b= 0, the deposits
are considered as an input of the second stage. In addition,
as discussed earlier, when b= 1, we further consider two
possible scenarios, namely Z(1) and Z(3). However, instead
of assigning the role of deposits by selecting between Z(1)

and Z(3), we assume that bZj are divided into αbZj and (1−α)
bZj, corresponding to the proportion of the roles acting
as Z(3) and Z(1), respectively, and that L ≤ α ≤U. In other
words, we identify new scenarios that the role of the
deposits might be. More importantly, as emphasized pre-
viously, this scenario is consistent with real bank opera-
tions. If we assume u1= u2= 0, our model can be easily
extended to the CRS setting. Finally, (1f) is the non-
negative limitation for the multipliers.

As shown in model (1), weights w1 and w2 are user-
specified weights, such that w1+w2= 1. For linearization,
following Chen et al. (2009), we define w1 and w2 based on
the portion of total resources consumed by each subsystem.
Let

Pm
i¼1 viXio þ αbγZo þ 1� bð ÞγZo þ

PL
I¼1 σlMlo repre-

sent the total amount of resources consumed by two sub-
systems. Then, we have

w1 ¼
Pm

i¼1 viXioPm
i¼1 viXio þ αbγZo þ 1� bð ÞγZo þ

PL
l¼1 σlMlo

w2 ¼ αbγZo þ 1� bð ÞγZo þ
PL

l¼1 σlMloPm
i¼1 viXio þ αbγZo þ 1� bð ÞγZo þ

PL
l¼1 σlMlo

By applying the formulas above, model (1) can be
reformulated as follows:

Eo ¼ Max

PL
l¼1 σlMlo þ bγZo þ

Ps
r¼1 μrYro �

PP
p¼1 fpUpo þ u1 þ u2Pm

i¼1 viXio þ αbγZo þ 1� bð ÞγZo þ
PL

l¼1 σlMlo

ð2Þ

s:t: 0 �
PL

l¼1 σlMlj þ bγZj þ u1Pm
i¼1 viXij

� 1; j ¼ 1; ¼ ; n

0 �
Ps

r¼1 μrYrj �
PP

p¼1 fpUpj þ u2

αbγZj þ 1� bð ÞγZj þ
PL

l¼1 σlMlj

� 1; j ¼ 1; ¼ ; n

W1
o �

Pm
i¼1 viXioPm

i¼1 viXio þ αbγZo þ 1� bð ÞγZo þ
PL

l¼1 σlMlo

� 1

W2
o � αbγZo þ 1� bð ÞγZo þ

PL
l¼1 σlMloPm

i¼1 viXio þ αbγZo þ 1� bð ÞγZo þ
PL

l¼1 σlMlo

� 1

b 2 0; 1f g

L � α � U

u1, u2 free of sign

vi � 0; σl � 0; γ � 0; μr � 0; fp � 0; 8 i; l; r; p
Specifically, following Galagedera et al. (2016), to avoid

assigning unreasonable weights to each sub-stage, we
impose two lower bounds for w1 and w2, namely, W1

o and
W2

o . Obviously, model (2) is a non-linear fractional pro-
gram. For linearization, we first apply the Charnes-Cooper
transformation (Charnes and Cooper 1962), and set
t ¼ 1Pm

i¼1
viXioþαbγZoþ 1�bð ÞγZoþ

PL

l¼1
σlMlo

, v0i ¼ tvi, σ0l ¼ tσl,

γ′= γ, μ0r ¼ tμr, u
A= tu1, uB= tu2 and f 0p ¼ tfp; then, model

(2) can be transformed into model (3).

Eo ¼ Max
XL

l¼1
σ0lMlo þ bγ0Zo þ

Xs

r¼1
μ0rYro �

XP

p¼1
f 0pUpo þ uA þ uB

ð3Þ
s:t:

XL

l¼1
σ0lMlj þ bγ0Zj þ uA �

Xm

i¼1
v0iXij � 0; j ¼ 1; ¼ ; n

Ps
r¼1 μ

0
rYrj �

PP
p¼1 f

0
pUpj þ uB � αbγ0Zj�

1� bð Þγ0Zj �
PL

I¼1 σ
0
lMlj � 0; j ¼ 1; ¼ ; nXm

i¼1
v0iXio þ αbγ0Zo þ 1� bð Þγ0Zo þ

XL

l¼1
σ0lMlo ¼ 1

XL

l¼1
σ0lMlj þ bγ0Zj þ uA � 0; j ¼ 1; ¼ ; n

2 In practice, the role played by the binary variable b can be sum-
marized as follows: On the one hand, variable b can be the classifier to
identify whether the flexible measure should be regarded as an input or
an output. Specifically, compared with traditional fixed-role strategies,
the use of binary variable to indicate the role of the deposits can
mitigate organizational resistance especially when there is no con-
sensus on the role of those flexible measures. Meanwhile, from
manager’s perspective, the use of binary variable to indicate the role of
the deposits has various managerial implications. To explore it, recall
that once the evaluation mechanism is determined, then banks would
like to efficiently allocate resources so as to guarantee a higher effi-
ciency score. In this circumstance, the use of binary variable to indi-
cate the role of the deposits can be very useful and important, because
it directly influences the decisions on how to project those inefficient
banks onto the efficient frontier. Nevertheless, when a fixed role
strategy is employed, one may fail to allocate resources efficiently, i.e.,
the projection scheme in traditional fixed role strategies cannot guar-
antee an efficient point on the frontier derived from our proposed
flexible two-stage DEA model.
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Xs

r¼1
μ0rYrj �

XP

p¼1
f 0pUpj þ uB � 0; j ¼ 1; ¼ ; n

W1
o �

Xm

i¼1
v0iXio

W2
o � αbγ0Zo þ 1� bð Þγ0Zo þ

XL

l¼1
σ0lMlo

b 2 0; 1f g

L � α � U

uA, uB free of sign

v0i � 0; σ0l � 0; γ0 � 0; μ0r � 0; f 0p � 0; 8 i; l; r; p

However, model (3) is also non-linear due to terms bγ′
and αbγ′. To this end, we first set η= bγ′, and add addi-
tional constraints 0 ≤ η ≤ Cb and 0 ≤ γ′−η ≤ C(1−b) to
model (3), where C is a sufficiently large number.
Subsequently, model (3) could be formulated as the fol-
lowing model (4):

Eo ¼ Max
XL

l¼1
σ0lMlo þ ηZo þ

Xs

r¼1
μ0rYro �

XP

p¼1
f 0pUpo þ uA þ uB

ð4Þ

s:t:
XL

l¼1
σ0lMlj þ ηZj þ uA �

Xm

i¼1
v0iXij � 0; j ¼ 1; ¼ ; n

Ps
r¼1 μ

0
rYrj �

PP
p¼1 f

0
pUpj þ uB � αηZj � γ0Zj þ ηZj�PL

l¼1 σ
0
lMlj � 0; j ¼ 1; ¼ ; nXm

i¼1
v0iXio þ αηZo þ γ0Zo � ηZo þ

XL

l¼1
σ0lMlo ¼ 1

XL

l¼1
σ0lMlj þ ηZj þ uA � 0; j ¼ 1; ¼ ; n

Xs

r¼1
μ0rYrj �

XP

p¼1
f 0pUpj þ uB � 0; j ¼ 1; ¼ ; n

W1
o �

Xm

i¼1
v0iXio

W2
o � αηZo þ γ0Zo � ηZo þ

XL

l¼1
σ0lMlo

0 � η � Cb

0 � γ0 � η � C 1� bð Þ

b 2 0; 1f g

L � α � U

uA, uB free of sign

v0i � 0; σ0l � 0; γ0 � 0; μ0r � 0; f 0p � 0; 8 i; l; r; p

To proceed, set β= αη, then model (4) can be finally
formulated as the following 0-1 mixed-integer linear pro-
gram (5):

Eo ¼ Max
XL

l¼1
σ0lMlo þ ηZo þ

Xs

r¼1
μ0rYro �

XP

p¼1
f 0pUpo þ uA þ uB

ð5Þ

s:t:
XL

l¼1
σ0lMlj þ ηZj þ uA �

Xm

i¼1
v0iXij � 0; j ¼ 1; ¼ ; n

Ps
r¼1 μ

0
rYrj �

PP
p¼1 f

0
pUpj þ uB � βZj � γ0Zj þ ηZj�PL

l¼1 σ
0
lMlj � 0; j ¼ 1; ¼ ; nXm

i¼1
v0iXio þ βZo þ γ0Zo � ηZo þ

XL

l¼1
σ0lMlo ¼ 1

XL

l¼1
σ0lMlj þ ηZj þ uA � 0; j ¼ 1; ¼ ; n

Xs

r¼1
μ0rYrj �

XP

p¼1
f 0pUpj þ uB � 0; j ¼ 1; ¼ ; n

W1
o �

Xm

i¼1
v0iXio

W2
o � βZo þ γ0Zo � ηZo þ

XL

l¼1
σ0lMlo

0 � η � Cb

0 � γ0 � η � C 1� bð Þ

Lη � β � Uη

b 2 0; 1f g

uA, uB free of sign

v0i � 0; σ0l � 0; γ0 � 0; μ0r � 0; f 0p � 0; 8 i; l; r; p

When b= 0, that is, the role of deposits is clarified as an
additional input to the second stage, then model (5) is
reduced to the following linear program (6):

Eo ¼ Max
XL

l¼1
σ0lMlo þ

Xs

r¼1
μ0rYro �

XP

p¼1
f 0pUpo þ uA þ uB

ð6Þ

s:t:
XL

l¼1
σ0lMlj þ uA �

Xm

i¼1
v0iXij � 0; j ¼ 1; ¼ ; n

Xs

r¼1
μ0rYrj �

XP

p¼1
f 0pUpj þ uB � γ0Zj �

XL

l¼1
σ0lMlj � 0; j ¼ 1; ¼

Xm

i¼1
v0iXio þ γ0Zo þ

XL

l¼1
σ0lMlo ¼ 1

XL
l¼1

σ0lMlj þ uA � 0; j ¼ 1; ¼ ; n

Xs

r¼1
μ0rYrj �

XP

p¼1
f 0pUpj þ uB � 0; j ¼ 1; ¼ ; n

Journal of Productivity Analysis (2021) 56:151–170 157



W1
o �

Xm

i¼1
v0iXio

W2
o � γ0Zo þ

XL

l¼1
σ0lMlo

uA, uB free of sign

v0i � 0; σ0l � 0; γ0 � 0; μ0r � 0; f 0p � 0; 8 i; l; r; p

Similarly, when b= 1, the role of deposits is clarified as
an output of the first stage, and model (5) can be reduced to
the following linear program (7):

Eo ¼ Max
XL

l¼1
σ0lMlo þ γ0Zo þ

Xs

r¼1
μ0rYro �

XP

p¼1
f 0pUpo þ uA þ uB

ð7Þ

s:t:
XL

l¼1
σ0lMlj þ γ0Zj þ uA �

Xm

i¼1
v0iXij � 0; j ¼ 1; ¼ ; n

Xs

r¼1
μ0rYrj �

XP

p¼1
f 0pUpj þ uB � βZj �

XL

l¼1
σ0lMlj � 0; j ¼ 1; ¼ ;

Xm

i¼1
v0iXio þ βZo þ

XL

l¼1
σ0lMlo ¼ 1

XL

l¼1
σ0lMlj þ γ0Zj þ uA � 0; j ¼ 1; ¼ ; n

Xs

r¼1
μ0rYrj �

XP

p¼1
f 0pUpj þ uB � 0; j ¼ 1; ¼ ; n

W1
o �

Xm

i¼1
v0iXio

W2
o � βZo þ

XL

l¼1
σ0lMlo

Lγ0 � β � Uγ0

uA, uB free of sign

v0i � 0; σ0l � 0; γ0 � 0; μ0r � 0; f 0p � 0; 8 i; l; r; p

In other words, traditional fixed-role strategies that
regard deposits as an input or an output can be special cases
of our proposed approach. Further, comparing our proposed
approach with those frequently used two-stage approaches
that regard deposits as an intermediate product, we have the
following important proposition.

Proposition 1. The traditional two-stage approach that
regards the role of deposits as an intermediate product is a
special case of our proposed generalized model.

Proof. See Online Appendix A.
One potential implication of Proposition 1 is that existing

fixed-role strategies (e.g., the two-stage approach) might
underestimate the efficiency score of each alternative bank.
As such, existing fixed-role strategies are likely to suffer
from the resistance problem associated with the estimation
results, i.e., the estimation results calculated by existing
fixed-role strategies would probably not be acceptable by all

the banks. However, our approach can always guarantee
that the overall efficiency measured by the proposed
approach is not worse (less) than that by existing fixed-role
strategies. Hence, the resistance problem can be alleviated
by the introduction of flexible measures.

In addition, another important issue that needs to be
solved is how to project those inefficient DMUs onto the
efficient frontier. As noted in Chen et al. (2013), multiplier
and envelopment DEA models generally have the primal-
dual correspondence under the standard DEA. However,
this is not always true for many network DEA models.
Specifically, they argue that envelopment-based network
DEA models should be used to determine the frontier pro-
jection for inefficient DMUs, while multiplier-based net-
work DEA models need to be used for determining
subsystem efficiencies. As model (5) is a mixed integer
linear program, it is hard to obtain its equivalent envelop-
ment form. However, when the role of flexible measures is
classified, we can obtain the associated equivalent envel-
opment form based on the duality theory.

Without loss of generality, for the assessed DMUo, if the
deposits are clarified as an additional input to the second
stage (b= 0), then the envelopment form of model (6) can
be obtained as follows:

eo ¼ Min θo �W1
o τ1 �W2

o τ2 ð6DÞ

s:t:
Xn

j¼1
λAj Xij � θo � τ1ð ÞXio; 8i

Xn

j¼1
λAj � λBj � ϕA

j

� �
Mlj � 1� θo þ τ2ð ÞMlo; 8lXn

j¼1
λBj Zj � θo � τ2ð ÞZo

Xn

j¼1
λBj � ϕB

j

� �
Yrj � Yro;8r

Xn

j¼1
λBj � ϕB

j

� �
Upj � Upo; 8p

Xn

j¼1
λAj � ϕA

j

� �
¼ 1

Xn

j¼1
λBj � ϕB

j

� �
¼ 1

λAj ; λ
B
j ;ϕ

A
j ;ϕ

B
j ; 8j; τ1; τ2 � 0; θo unrestricted:

The decision variables λAj ; λ
B
j ; θo;ϕ

A
j ;ϕ

B
j ; τ1 and τ2 of

model (6D) are dual variables corresponding to the
(4n+3) constraints of model (6). Suppose that
λA�j ; λB�j ; θ�o;ϕ

A�
j ;ϕB�

j ; τ�1; τ
�
2

� �
is an optimal solution to

model (6D) and E�
o is the optimal objective function value

of model (6). Then, it is not hard to deduce from the duality
theorem in linear programming that θ�o �W1

o τ
�
1 �W2

o τ
�
2 is

equal to E�
o .

When deposits are clarified as an output of the first stage
(b= 1), then the envelopment form of model (7) can be
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obtained based on the following model (7D):

eo ¼ Min θo �W1
o τ1 �W2

o τ2 ð7DÞ

s:t:
Xn

j¼1
λAj Xij � θo � τ1ð ÞXio; 8i

Xn

j¼1
λAj � λBj � ϕA

j

� �
Mlj � 1� θo þ τ2ð ÞMlo; 8l

Xn

j¼1
λAj � ϕA

j

� �
Zj þ τ3L� τ4U � ZoXn

j¼1
λBj Zj þ τ3 � τ4 � θo � τ2ð ÞZo

Xn

j¼1
λBj � ϕB

j

� �
Yrj � Yro;8r

Xn

j¼1
λBj � ϕB

j

� �
Upj � Upo; 8p

Xn

j¼1
λAj � ϕA

j

� �
¼ 1

Xn

j¼1
λBj � ϕB

j

� �
¼ 1

λAj ; λ
B
j ;ϕ

A
j ;ϕ

B
j ; 8j; τ1; τ2; τ3; τ4 � 0; θo unrestricted:

The decision variables λAj ; λ
B
j ; θo;ϕ

A
j ;ϕ

B
j ; τ1

, τ
2
, τ

3
and τ

4
of model (7D) are the dual variables corresponding to the
(4n+5) constraints of model (7). Suppose that
λA��j ; λB��j ; θ��o ;ϕA��

j ;ϕB��
j ; τ��1 ; τ��2 ; τ��3 ; τ��4

� �
is an optimal

solution to model (7D) and E��
o is the optimal objective

function value of model (7). Then, similarly, we can deduce
that θ��o �W1

o τ
��
1 �W2

o τ
��
2 is equal to E��

o .
As noted by Chen et al. (2010a), dual model like models

(6D) and (7D) for multiplier DEA model with network
structure may not provide full information to project those
inefficient DMUs onto the efficient frontier, especially for
determining a set of projected intermediate values (Gala-
gedera 2019). To this end, one could obtain the associated
frontier projections for inefficient DMUs with the min-max
approach as suggested by Galagedera (2019). In addition,
interestingly, similar to Galagedera et al. (2016), when
lower bounds are not specified on the stage weights and all
DMUs’ overall efficiency scores are positive, the last four
constraints in model (5) become redundant. As such, fol-
lowing Lim and Zhu (2019), we have the following pro-
position when the role of deposits is clarified as additional
input to the second stage:

Proposition 2. bXio; bMlo

� �
; bMlo; bZo; bYro; bUpo

� �h i
¼Pn

j¼1 λ
A�
j Xij;

Pn
j¼1 λ

A�
j Mlj

� �h
,

Pn
j¼1 λ

B�
j Mlj;

Pn
j¼1 λ

B�
j Zj;

�
Pn

j¼1 λ
B�
j Yrj;

Pn
j¼1 λ

B�
j Upj

�i
is a frontier projection of

DMUo when the deposits are clarified as an additional input
to the second stage and the lower bounds are not specified
in the stage weights and all DMUs’ overall efficiency scores
are positive.

Proof. See Online Appendix B.

3.2 Efficiency decomposition

Theoretically, by solving model (5), the optimal solution to
model (5) can be expressed as v0�i ; σ

0�
l ; γ

0�; μ0�r ; f
0�
p ;

�
β0�; η0�; b0�; uA�; uB�Þ . Subsequently, the stage efficiencies
can be obtained by the following formulas:

E1�
o ¼

PL
l¼1 σ

0�
l Mlo þ η0�Zo þ uA�Pm

i¼1 v
0�
i Xio

ð8Þ

E2�
o ¼

Ps
r¼1 μ

0�
r Yro �

PP
p¼1 f

0�
p Upo þ uB�

β0�Zo þ γ0�Zo � η0�Zo þ
PL

l¼1 σ
0�
l Mlo

ð9Þ

However, the efficiencies obtained by using formulas
(8)-(9) may not be unique. To guarantee a unique efficiency
decomposition, one could maximize the respective stage
efficiency by maintaining the efficiency of the entire pro-
duction system (see, e.g., Chen et al. 2009; Kao and Hwang
2008). For example, if the decision-maker gives priority to
the first stage, then

E1
o ¼ Max

XL

l¼1
σ0lMlo þ ηZo þ uA ð10Þ

s:t:
XL

l¼1
σ0lMlj þ ηZj þ uA �

Xm

i¼1
v0iXij � 0; j ¼ 1; ¼ ; n

Ps
r¼1 μ

0
rYrj �

PP
p¼1 f

0
pUpj þ uB � βZj � γ0Zj þ ηZj�PL

l¼1 σ
0
lMlj � 0; j ¼ 1; ¼ ; nXL

l¼1
σ0lMlj þ ηZj þ uA � 0; j ¼ 1; ¼ ; n

Ps
r¼1 μ

0
rYrj �

PP
p¼1 f

0
pUpj þ uB � 0; j ¼ 1; ¼ ; n

Xm

i¼1
v0iXio ¼ 1

PL
l¼1 σ

0
lMlo þ ηZo þ

Ps
r¼1 μ

0
rYro �

PP
p¼1 f

0
pUpo þ uA þ uB � E�

oPm
i¼1 v

0
iXio þ βZo þ γ0Zo � ηZo þ

PL
l¼1 σ

0
lMlo

� � ¼ 0

W1
o �

Xm

i¼1
v0iXio þ βZo þ γ0Zo � ηZo þ

XL

l¼1
σ0lMlo

� �
�

Xm

i¼1
v0iXio

W2
o �

Pm
i¼1 v

0
iXio þ βZo þ γ0Zo � ηZo þ

PL
l¼1 σ

0
lMlo

� � �
βZo þ γ0Zo � ηZo þ

PL
l¼1 σ

0
lMlo

0 � η � Cb

0 � γ0 � η � C 1� bð Þ

Lη � β � Uη

b 2 0; 1f g
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u
A
, u

B
free of sign

v0i � 0; σ0l � 0; γ0 � 0; μ0r � 0; f 0p � 0; 8 i; l; r; p

Suppose that v01�i ; σ01�l ; γ01�; μ01�r ; f 01�p ; β01�; η01�; b01�;
�

uA1�; uB1�Þ is the optimal solution to model (10), and E1�
o is

the optimal objective function value of the model. Then, the
efficiency of the second stage can be acquired by

E12�
o ¼ E�

o � w1�
1 E1�

o

w1�
2

ð11Þ

where w1�
1 ¼

Pm

i¼1
v01�i XioPm

i¼1
v01�i Xioþβ01�Zoþγ01�Zo�η01�Zoþ

PL

l¼1
σ01�l Mlo

and

w1�
2 ¼ 1� w1�

1 . Similarly, if the decision-maker assigns
priority to the second stage, then the efficiency of the
second stage can be obtained by using the following model:

E2
o ¼ Max

Xs

r¼1
μ0rYro �

XP

p¼1
f 0pUpo þ uB ð12Þ

s:t:
XL

l¼1
σ0lMlj þ ηZj þ uA �

Xm

i¼1
v0iXij � 0; j ¼ 1; ¼ ; n

Ps
r¼1 μ

0
rYrj �

PP
p¼1 f

0
pUpj þ uB � βZj � γ0Zj þ ηZj�PL

l¼1 σ
0
lMlj � 0; j ¼ 1; ¼ ; nXL

l¼1
σ0lMlj þ ηZj þ uA � 0; j ¼ 1; ¼ ; n

Xs

r¼1
μ0rYrj �

XP

p¼1
f 0pUpj þ uB � 0; j ¼ 1; ¼ ; n

βZo þ γ0Zo � ηZo þ
XL

l¼1
σ0lMlo ¼ 1

PL
l¼1 σ

0
lMlo þ ηZo þ

Ps
r¼1 μ

0
rYro �

PP
p¼1 f

0
pUpo þ uA þ uB � E�

oPm
i¼1 v

0
iXio þ βZo þ γ0Zo � ηZo þ

PL
l¼1 σ

0
lMlo

� � ¼ 0

W1
o �

Xm

i¼1
v0iXio þ βZo þ γ0Zo � ηZo þ

XL

l¼1
σ0lMlo

� �
�

Xm

i¼1
v0iXio

W2
o �

Pm
i�1 v

0
iXio þ βZo þ γ0Zo � ηZo þ

PL
l¼1 σ

0
lMlo

� �
� βZo þ γ0Zo � ηZo þ

PL
l¼1 σ

0
lMlo

0 � η � Cb

0 � γ0 � η � C 1� bð Þ

Lη � β � Uη

b 2 0; 1f g

uA, uB free of sign

v0i � 0; σ0l � 0; γ0 � 0; μ0r � 0; f 0p � 0; 8 i; l; r; p

Suppose that v02�i ; σ02�l ; γ02�; μ02�r ; f 02�p ; β02�; η02�; b02�;
�

uA2�; uB2�Þ is the optimal solution to model (12), and
E2�
o is the optimal objective function value of this

model. Therefore, the efficiency of the first stage can be
acquired by

E21�
o ¼ E�

o � w2�
2 E2�

o

w2�
1

ð13Þ

where w2�
1 ¼

Pm

i¼1
v02�i XioPm

i¼1
v02�i Xioþβ02�Zoþγ02�Zo�η02�Zoþ

PL

l¼1
σ02�l Mlo

and

w2�
2 ¼ 1� w2�

1 . If E1�
o ¼ E21�

o and E2�
o ¼ E12�

o , then
a unique decomposition can be determined (Liang et al.
2008).

Proposition 3. The DMUo is overall efficient (Eo= 1) if
and only if its two subsystems are efficient (E1

o ¼ E2
o ¼ 1).

Proof. See Online Appendix C.
So far, we have developed a new and effective

approach to deal with the deposit dilemma by means of
flexible measures. In doing so, it not only facilitates the
decision maker to mitigate the organizational resistance
problem arisen from controversial roles of deposits, but
also provides a new direction to investigate how to
appropriately allocate bank operational resources from
performance management perspective. However, there is
one potential computational concern that the efficiency
scores might be influenced by the large positive value
imposed on the model (see, e.g., Toloo 2009; Toloo
2014). Fortunately, we can resolve this concern by
decomposing the mixed integer program into a pair of
equivalent linear programs. This is especially useful
when the number of flexible measures is relatively small.
For example, in this study, there is only one flexible
measure, the deposits, whose input/output status requires
to classify. As such, Fig. 2 describes the details of the
proposed effective computational process that does not
require the introduction of a large positive number. After
implementing the computational process, one could
classify deposits in an accurate way. In doing so, it also
avoids the possible rounding problem in a mixed-integer
linear programming.

3.3 Extension

It is worth noting that the above approach is to classify
the role of the deposits from the perspective of individual
banks. As noted in Cook and Zhu (2007), one may also
require to investigate the issue from a centralized man-
agement perspective. Under such mechanism, we present
the following centralized model to optimize the
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aggregated overall efficiency:

Ecen ¼ Max

PL
l¼1 σl

Pn
j¼1 Mlj þ bγ

Pn
j¼1 Zj þ

Ps
r¼1 μrPn

j¼1 Yrj �
PP

p¼1 fp
Pn

j¼1 Upj þ u1 þ u2Pm
i¼1 vi

Pn
j¼1 Xij þ αbγ

Pn
j¼1 Zj þ 1� bð ÞγPn

j¼1 Zj þ
PL

l¼1 σl
Pn

j¼1 Mlj

ð14Þ

s:t: 0 �
PL

l¼1 σlMlj þ bγZj þ u1Pm
i¼1 viXij

� 1; j ¼ 1; ¼ ; n

0 �
Ps

r¼1 μrYrj �
PP

p¼1 fpUpj þ u2

αbγZj þ 1� bð ÞγZj þ
PL

l¼1 σlMlj

� 1; j ¼ 1; ¼ ; n

W1
j �

Pm
i¼1 viXijPm

i¼1 viXij þ αbγZj þ 1� bð ÞγZj þ
PL

l¼1 σlMlj

� 1; j ¼ 1; ¼ ; n

W2
j � αbγZj þ 1� bð ÞγZj þ

PL
l¼1 σlMljPm

i¼1 viXij þ αbγZj þ 1� bð ÞγZj þ
PL

l¼1 σlMlj

� 1; j ¼ 1; ¼ ; n

b 2 0; 1f g

L � α � U

u1, u2 free of sign

vi � 0; σl � 0; γ � 0; μr � 0; fp � 0; 8 i; l; r; p
Similarly, model (14) can be reformulated as the fol-

lowing 0-1 mixed-integer linear program (15):

Ecen ¼ Max
PL

l¼1 σ
0
l

Pn
j¼1 Mlj

þ η
Pn

j¼1 Zj þ
Ps

r¼1 μ
0
r

Pn
j¼1 Yrj �

PP
p¼1 f

0
p

Pn
j¼1 Upj þ uA þ uB

ð15Þ

Fig. 2 Sketch of the proposed effective computational process
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s:t:
XL

l¼1
σ0lMlj þ ηZj þ uA �

Xm

i¼1
v0iXij � 0; j ¼ 1; ¼ ; n

Ps
r¼1 μ

0
rYrj �

PP
p¼1 f

0
pUpj þ uB � βZj � γ0Zj þ ηZj�PL

l¼1 σ
0
lMlj � 0; j ¼ 1; ¼ ; nPm

i¼1 v
0
i

Pn
j¼1 Xij þ β

Pn
j¼1 Zj þ γ0

Pn
j¼1 Zj � η

Pn
j¼1 ZjþPL

l¼1 σ
0
l

Pn
j¼1 Mlj ¼ 1

XL

l¼1
σ0lMlj þ ηZj þ uA � 0; j ¼ 1; ¼ ; n

Xs

r¼1
μ0rYrj �

XP

p¼1
f 0pUpj þ uB � 0; j ¼ 1; ¼ ; n

W1
j �

Xm

i¼1
v0iXij; j ¼ 1; ¼ ; n

W2
j � βZj þ γ0Zj � ηZj þ

XL

l¼1
σ0lMlj; j ¼ 1; ¼ ; n

0 � η � Cb

0 � γ0 � η � C 1� bð Þ

Lη � β � Uη

b 2 0; 1f g

uA, uB free of sign

v0i � 0; σ0l � 0; γ0 � 0; μ0r � 0; f 0p � 0; 8 i; l; r; p

Solving model (15), and assume that b3* is the optimal
value corresponding to the binary variable b. That is, model
(15) identifies a universal role of deposits for all the banks.
More importantly, after b3* is determined, the problem can be
reduced to a linear program, and the decomposed efficiencies
can be determined based on the associated linear programs.

Interestingly, the centralized model (15) has an
advantage that it guarantees a common weight scheme
while implementing the performance estimation process.
However, the decentralized strategy introduced in model
(5) may lead to the problem that stage weights assigned to
each DMU might differ from one DMU to another.3

Theoretically, when the centralized scheme is preferred,
we can use parameter specifications determined in the
decentralized scenario to conduct the centralized perfor-
mance estimation. However, those parameter specifica-
tions determined in the decentralized scenario (e.g.,
W1

j and W2
j ) may lead to the infeasibility problem of

model (15), as more constraints are introduced compared
with that of the decentralized model. Therefore, we first
consider the following model (16) which determines the
maximal value of a common lower bound assigned to

two subsystems:

Maxϖ ð16Þ

s:t:
XL

l¼1
σ0lMlj þ ηZj þ uA �

Xm

i¼1
v0iXij � 0; j ¼ 1; ¼ ; n

Ps
r¼1 μ

0
rYrj �

PP
p¼1 f

0
pUpj þ uB � βZj � γ0Zj þ ηZj�PL

l¼1 σ
0
lMlj � 0; j ¼ 1; ¼ ; nPm

i¼1 v
0
i

Pn
j¼1 Xij þ β

Pn
j¼1 Zj þ γ0

Pn
j¼1 Zj � η

Pn
j¼1 ZjþPL

l¼1 σ
0
l

Pn
j¼1 Mlj ¼ 1

XL

l¼1
σ0lMlj þ ηZj þ uA � 0; j ¼ 1; ¼ ; n

Xs

r¼1
μ0rYrj �

XP

p¼1
f 0pUpj þ uB � 0; j ¼ 1; ¼ ; n

ϖ �
Xm

i¼1
v0iXij; j ¼ 1; ¼ ; n

ϖ � βZj þ γ0Zj � ηZj þ
XL

l¼1
σ0lMlj; j ¼ 1; ¼ ; n

0 � η � Cb

0 � γ0 � η � C 1� bð Þ

Lη � β � Uη

b 2 0; 1f g

uA, uB free of sign

v0i � 0; σ0l � 0; γ0 � 0; μ0r � 0; f 0p � 0; 8 i; l; r; p; ϖ unrestricted:

Denote ϖ� the optimal objective value of model (16),
then, the following proposition may be useful while making
the tradeoff between decentralized and centralized para-
meter specifications:

Proposition 4. Suppose that a common lower bound
will be assigned to both sub-stages, i.e., W1

j ¼ W2
j ¼ ϖ1,

and model (16) has a feasible solution v0i; σ
0
l; γ

0; μ0r; f
0
p;

�
ϖ; β; ηÞ. Then, model (15) is feasible if and only if
ϖ1 � ϖ�.

Proof. See Online Appendix D.
While stage weights might differ from one DMU to

another, we herein highlight that all DMUs actually have
an equal right to claim the role of deposits with the
objective of maximizing their efficiencies. In other words,
our approach generally provides a fair way to clarify the
role of deposits while estimating bank performance.
Moreover, when the decision maker can collect accurate
information to reflect preferences over the two stages
(e.g., assign specified values to each stage such that
w1 þ w2 ¼ 1), the weights assigned to each stage remain
constant regardless of which DMU is under evaluation.3 We here thank the reviewer for indicating this kind of issue.
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4 Empirical analysis

4.1 Data and variables

During the last four decades, the banking industry in China
has experienced significant changes (Zha et al. 2016). In
this study, we consider 16 main banks listed on China’s
mainland stock market (Shanghai Stock Exchange and
Shenzhen Stock Exchange), and these banks generally
provide similar services (Zha et al. 2016). In addition, to
avoid impacts of enacted policies in 2013, the full dereg-
ulation of loan interest rate and the acceleration of interest
rate market reforms4, we focus on the sample over the
period from 2014 to 2018. Further, we divide these banks
into three categories based on their ownerships: 5 state-
owned banks (SOB), 8 joint-stock commercial banks (JSB),
and 3 city-owned commercial banks (COB). Details can be
found in Table 2.

Prior to conducting the performance analysis, it is
essential to specify the inputs and outputs appropriately. As
indicated by Fethi and Pasiouras (2010), except the
deposits, the main categories of inputs and outputs are
broadly determined in the bank performance evaluation
(Wang et al. 2014). Following prior studies (e.g., Akther
et al. 2013; Deglinnocenti et al. 2017; Fukuyama and
Matousek 2017; Fukuyama and Matousek 2018; Fukuyama
and Weber 2015; Holod and Lewis 2011; Kao and Hwang
2008; Wang et al. 2014; Zha et al. 2016), we consider the
bank production system as depicted in Fig. 3.

Specifically, instead of subjectively deciding the role of
deposits, we consider three scenarios corresponding to three
roles that deposits (denoted as Z(1), Z(2) and Z(3)) might play
in the bank production system. The value-added subsystem
(VAS) is the first stage while the profit-earning subsystem
(PES) is the second stage. The inputs of the bank production
system (the inputs of the VAS) are (i) fixed assets (X1),
which also refer to capital assets that the bank owns and
uses in its production processes; and (ii) employee’s salary
(X2), which can be a proxy for labor. The outputs of the
bank production system (the outputs of the PES) are (i)
interest income (Y1), the incomes that are primarily gener-
ated from loans; and (ii) non-interest income (Y2), which
refers to the operating incomes other than interest income,
including transaction fees, monthly account services char-
ges, check, and deposit slip fees; and (iii) non-performing
loans (U), which refers to bad loans where the borrower is
unable to make scheduled repayments. The intermediate
product of the bank production system (the output of the
VAS and the input of the PES) is other raised funds (M),
which include interbank borrowing funds and funds

deposited by peers and other financial institutions.
Descriptive statistics of all indicators of 16 banks are pre-
sented in Table 3.

4.2 Results

4.2.1 Results comparison: fixed role vs. flexible role

To illustrate the superiority of our proposed approach, we
now compare the proposed approach with the traditional
two-stage approach. To conserve space, we here mainly
focus on results comparison in 2018. In addition, as illu-
strated in Fethi and Pasiouras (2010) and Wang et al.
(2014), the CRS assumption is only appropriate when all
DMUs are operating at an optimal scale. Nevertheless, the
concerned banks in China generally differ in size because
of government regulations and imperfect competition,
which hinders the Chinese financial market from operating
at the optimal scale (Fethi and Pasiouras 2010; Wang et al.
2014). Therefore, we conduct analysis under the VRS
assumption. In addition, we set L= 0 and U= 1. We do
this mainly for two reasons. On the one hand, it can avoid
arbitrary specifications (e.g., a narrow range) that may
reduce efficiency scores of some DMUs. On the other
hand, it is hard to collect the accurate information of these
bounds. Therefore, we do not want to impose arbitrary
specifications on these bounds. For completeness, we also
conduct the sensitivity analysis in Online Appendix E to
investigate impacts of the lower and upper bounds for the
proportion of deposits acting as Z(1) on the bank perfor-
mance estimation results. As illustrated, the lower and
upper bounds generally have no significant impact on
rankings of banks both based on the overall efficiency
score and based on stage efficiency scores. Regarding
stage weights’ lower bounds (W1

0 and W2
0 ), as we present

in Online Appendix F, the change in lower bounds
imposed on stage weights do have limited impacts on the
evaluation results, especially when the aim is to avoid
depriving the contribution of one certain sub-stage. As a
result, we set W1

0 ¼ W2
0 ¼ 0:1 for illustration. In Table 4,

columns 2–4 report the results of overall efficiency and
stage efficiencies estimated by the traditional two-stage
approach, while the last six columns provide estimates by
our proposed approach.

We can make the following observations from the results
in Table 4. First, in addition to 8 efficient banks (PAB, BNB,
SPDB, CIB, BOB, ABC, ICBC and CCB), the others gen-
erally see their efficiency scores improving. This indicates
that the proposed approach, compared with the traditional
two-stage approach, identifies Pareto efficiency improvement
such that no bank’s efficiency scores are deteriorated. In this
way, discontentment caused by those fixed-role perspectives
can be avoided to a large extent. Second, consistent with the

4 See http://finance.people.com.cn/bank/n/2014/0110/c202331-24077517.
html (accessed July 30, 2020).
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prediction of Proposition 3, it can be seen from Table 4 that
banks are overall efficient if and only if they are efficient in
both the VAS and the PES. Finally, interestingly, except for

4 banks (BNB, SPDB, CIB and BOB), most of the other
banks (8 out of 12) choose to clarify the deposits as an
output of the VAS, implying that the fixed-role approaches

Table 2 All banks considered in the present study

Bank type Main ownership Bank

SOB State-owned Agricultural Bank of China (ABC), Bank of China (BOC), Bank of Communications(BCM), China
Construction Bank (CCB) and Industrial and Commercial Bank of China (ICBC)

JSB Stockholder-owned China Everbright Bank (CEB), China Industrial Bank Co., Ltd. (CIB), China Merchants Bank
Corporation (CMBC), China Minsheng Bank Co., Ltd. (CMSBC), China CITIC Bank (CNCB), Huaxia
Bank (HXB), Ping An Bank (PAB) and Shanghai Pudong Development Bank (SPDB)

COB Local government-owned Bank of Beijing (BOB), Bank of Nanjing (BON) and Bank of Ningbo (BNB)

Fig. 3 Empirical framework of
two-stage bank
production system

Table 3 The descriptive
statistics of all indicators

Variables Type 2014 2015 2016 2017 2018 2014-2018

Fixed assets (X1)
Billions of RMB

Min 3.35 3.42 3.52 4.81 5.19 3.35

Max 172.20 195.40 220.65 216.16 253.53 253.53

Mean 52.55 58.14 65.29 68.11 74.49 63.71

Std. Dev. 67.13 71.52 77.19 77.72 85.51 74.52

Employees’ salary (X2)
Billions of RMB

Min 0.39 1.15 1.86 2.00 2.25 0.39

Max 40.51 39.89 39.90 40.22 45.29 45.29

Mean 13.03 13.60 13.96 14.40 15.55 14.11

Std. Dev. 12.81 12.66 12.73 12.50 13.62 12.57

Deposits (Z) Ten
Billion of RMB

Min 30.65 35.57 51.14 56.53 64.67 30.65

Max 1555.66 1628.19 1782.53 1922.63 2140.89 2140.89

Mean 473.14 509.93 561.77 595.00 646.16 557.20

Std. Dev. 508.50 536.87 595.28 639.51 692.82 586.24

Other raised funds (M)
Billions of RMB

Min 93.20 88.83 64.35 57.46 62.33 57.46

Max 1968.52 2265.86 2016.80 1751.89 2058.46 2265.86

Mean 835.75 1058.73 1086.69 1003.63 1007.38 998.44

Std. Dev. 534.39 707.35 672.08 625.63 651.89 630.63

Interest income (Y1)
Billions of RMB

Min 1.64 2.08 1.25 0.36 0.42 0.36

Max 124.97 212.87 230.83 220.99 235.08 235.08

Mean 41.77 62.14 71.81 74.56 78.90 65.83

Std. Dev. 45.65 68.99 75.92 73.71 75.50 68.45

Non-interest income (Y2)
Billions of RMB

Min 28.18 31.83 33.75 36.52 42.87 28.18

Max 849.88 871.78 791.48 861.59 948.09 948.09

Mean 294.81 308.78 287.57 315.01 344.32 310.10

Std. Dev. 269.10 275.87 246.97 267.01 292.48 264.49

Non-performing debt (U)
Billions of RMB

Min 2.08 3.44 4.18 3.96 4.13 2.08

Max 146.68 161.67 164.71 158.67 162.35 164.71

Mean 44.10 50.75 54.97 56.20 57.83 52.77

Std. Dev. 43.67 45.59 46.04 44.00 45.44 44.09
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regarding the deposits as either an output of the VAS or an
input of the PES are likely to suffer from organizational
resistance, as neither of these two strategies can coordinate
the controversy over the role of the deposits. This further
illustrates the necessity and superiority of the proposed
approach.

4.2.2 Performance analysis

Table 5 reports the overall efficiencies of the banks over the
period from 2014 to 2018. It can be seen in Table 5 that
only 4 banks (i.e., PAB, BNB, CIB and ICBC) are efficient
in all years during the sample period, indicating that these 4
banks perform well in utilizing the associated fixed assets
and salary to produce the interest and non-interest incomes,
as well as to generate less non-performing loans. 5 banks
(CCB, CEB, CNCB, HXB and BBJ) are deemed as efficient
in some of the sample years, and other 7 banks are ineffi-
cient in all years during the sample period. As a whole, the
mean overall efficiencies of the concerned banking system
are all greater than 0.9, indicating that, from the standpoint
of multiple perspectives of the role of the deposits, the
concerned banks can efficiently utilize the associated
resources to produce the concerned outputs.

While the banks as a whole exhibit high efficiency in
terms of the overall performance, there exist disparities
across different types of banks in the Chinese banking
system. In Table 6, we report the mean annual efficiencies
of three types of banks during 2014-2018.

It can be seen from Table 6 that COB possesses the
highest mean overall efficiency (0.9899), while JSB pos-
sesses the lowest mean overall efficiency (0.9504). To
further illustrate the efficiency differences among the three
types of banks, the intertemporal efficiency trends are pre-
sented in Fig. 4. It can be observed in Fig. 4 that the mean
overall efficiencies of SOB and JSB generally increase from
0.9493 and 0.9242 in 2014 to 0.9813 and 0.9763 in 2018.
However, the mean overall efficiency of COB decreases
from 0.9949 in 2014 to 0.9848 in 2017, and then increases
to 0.9943 in 2018. In addition, we observe that COB has a
relatively higher mean efficiency than other types of banks
in the study period, which is similar to the results estimated
by Zha et al. (2016). Interestingly, JSB performs the worst
in the whole sample period rather than SOB. However, the
gaps between these three types of banks are likely to nar-
row, especially for JSB and SOB.

To have more insights into the inefficiency of the whole
banking system, Table 7 presents the annual stage effi-
ciencies for the VAS and the PES. Consistent with Propo-
sition 3, a bank is overall efficient if and only if it is efficient
in both the VAS and the PES, see, e.g., PAB, BNB, CIB,
and ICBC.

Figure 5 shows the mean overall and stage efficiencies of
the banking system of China. It can be seen that the mean
stage efficiency of the VAS decreases from 0.8694 in 2014
to 0.8482 in 2015, and then increases to 0.9462 in 2018.
In terms of the PES, the mean stage efficiency of the PES
deceases from 0.9567 in 2014 to 0.9411 in 2015, and then

Table 4 Estimation results of the
traditional two-stage approach
and proposed approach

banks Traditional two-stage
approach

Proposed approach

E�
o E1�

o E12�
o E�

o E1�
o E12�

o b* w�
1 α*

PAB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1 0.9000 0.1261

BNB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0/1 0.9000 1.0000

SPDB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0/1 0.2840 1.0000

HXB 0.8666 0.7789 1.0000 0.9719 0.7191 1.0000 0 0.1000 –

CMSBC 0.8305 0.7705 0.9029 0.9776 0.7976 0.9976 0 0.1000 −

CMBC 0.9631 0.9251 1.0000 0.9631 0.9251 1.0000 1 0.4923 1.0000

BON 0.9463 0.9108 1.0000 0.9828 0.8278 1.0000 0 0.1000 −

CIB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0/1 0.4986 1.0000

BOB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0/1 0.4440 0.0000

ABC 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1 0.6568 0.0000

BCM 0.9743 1.0000 0.9463 0.9946 1.0000 0.9463 1 0.9000 0.0903

ICBC 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1 0.4811 1.0000

CEB 0.8887 0.9146 0.8582 0.9089 0.9146 0.8582 1 0.9000 0.1314

CCB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1 0.4938 1.0000

BOC 0.8518 0.8034 0.9069 0.9117 0.9550 0.9069 0 0.1000 −

CNCB 0.9451 1.0000 0.8846 0.9885 1.0000 0.8846 1 0.9000 0.0476

Mean 0.9542 0.9440 0.9687 0.9812 0.9462 0.9746

Std. 0.0606 0.0860 0.0508 0.0300 0.0887 0.0481
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increases to 0.9850 in 2017 and finally decreases to 0.9746
in 2018. As can be seen in Fig. 5, the mean efficiency of the
PES is above that of the VAS in all years during 2014-2018,
implying that the inefficiency of the banking system in
China is mainly sourced from the VAS rather than the PES.

Figure 6 depicts the kernel densities for the mean overall
and stage efficiencies. As shown, the distribution of the
mean overall and stage efficiency scores generally have

leptokurtic forms, which are characterized by sharp peaks.
Moreover, these peaks are all around one, indicating that,
during the sample period, the concerned banks perform well
in both the VAS and the PES. In addition, the peak effi-
ciency of the distribution of the PES is far greater than that
of the VAS, which further reveals that the inefficiency of
the banking system in China is mainly sourced from the
VAS. This can also be verified by mean efficiencies of the
VAS and the PES (0.8785 versus 0.9658).

4.3 Further discussions

In this subsection, we would like to compare the decen-
tralized and centralized estimation scenarios. Herein, it is
worth noting that, as emphasized earlier, the lower bounds
imposed on stage weights should not be too large. Based on
model (16), we know that the maximal value of ϖ is
0.4363. As present in Online Appendix F, when the aim is
to avoid neglecting the importance of a specific stage, the
lower bounds imposed on stage weights have limited
influences on the estimation results. Therefore, we can use
the same parameter specifications as in prior decentralized
case (e.g., W1

j ¼ W2
j ¼ 0:1).

By solving model (15), we find that the optimal role of
deposits should be considered as an exogenous input to the
PES, i.e., b= 0. Computational results are summarized in
Table 8. Specifically, columns 2–4 of Table 8 also provide
the computational results under the decentralized scenario.

As shown in Table 8, the mean overall and stage effi-
ciency scores are greater under the decentralized scenario
than those under the centralized scenario. The box plot,

Table 6 Mean annual efficiencies of three types of banks

Banks/Year 2014 2015 2016 2017 2018 Mean

Overall 0.9453 0.9514 0.9673 0.9746 0.9812 0.9640

SOB 0.9493 0.9670 0.9755 0.9772 0.9813 0.9701

JSB 0.9242 0.9277 0.9549 0.9691 0.9763 0.9504

COB 0.9949 0.9885 0.9869 0.9848 0.9943 0.9899

0.8800

0.9000

0.9200

0.9400

0.9600

0.9800

1.0000

1.0200

2014 2015 2016 2017 2018

SOB JSB COB Overall

Fig. 4 Mean annual efficiency trends of three types of banks

Table 5 Overall efficiency
estimates of banks over the
period from 2014 to 2018

Banks/Year 2014 2015 2016 2017 2018 Mean Rank

PAB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1

BNB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1

SPDB 1.0000 0.9963 0.9950 1.0000 1.0000 0.9983 5

HXB 0.7467 0.6909 0.8046 0.9034 0.9719 0.8235 16

CMSBC 0.9613 0.9514 0.9623 0.9622 0.9776 0.9630 13

CMBC 0.9902 1.0000 0.9946 0.9781 0.9631 0.9852 9

BON 0.9918 0.9795 0.9606 0.9544 0.9828 0.9738 11

CIB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 4

BOB 0.9929 0.9860 1.0000 1.0000 1.0000 0.9958 6

ABC 0.9133 0.9987 1.0000 1.0000 1.0000 0.9824 10

BCM 0.9956 0.9931 0.9975 0.9975 0.9946 0.9957 7

ICBC 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1

CEB 0.7989 0.7961 0.8897 0.9120 0.9089 0.8611 15

CCB 0.9569 0.9980 1.0000 0.9994 1.0000 0.9909 8

BOC 0.8807 0.8451 0.8799 0.8893 0.9117 0.8813 14

CNCB 0.8964 0.9865 0.9929 0.9969 0.9885 0.9723 12

Mean 0.9453 0.9514 0.9673 0.9746 0.9812 0.9640

Std. 0.0786 0.0918 0.0582 0.0392 0.0300 0.0638
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depicted in Fig. 7, also confirms this conclusion, and further
demonstrates that efficiency results calculated by the cen-
tralized model generally have a better discrimination power
than those by decentralized models. Indeed, the discrepancy
between these two strategies is reasonable as banks under
the decentralized scenario generally have greater flexibility
over weight decisions. From the banking industry per-
spective, the lower mean efficiency scores under the cen-
tralized scenario imply the possible efficiency loss due to
the control of a centralized organization (e.g., the central
bank). However, instead of focusing on the interest of
individual banks, the estimation results from the centralized
mechanism can provide the decision maker (manager) with
an in-depth understanding of the dynamics of bank

performance as well as of the role of deposits. For example,
when the optimal role of the deposits is determined, the
resulting performance information might contribute to

Table 7 Stage efficiency
estimates of banks over the
period from 2014 to 2018

Bank Stage 1 (VAS) Stage 2 (PES)

2014 2015 2016 2017 2018 2014 2015 2016 2017 2018

PAB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

BNB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

SPDB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9627 0.9503 1.0000 1.0000

HXB 0.4595 0.3920 0.4246 0.4942 0.7191 0.7786 0.7241 0.8468 0.9489 1.0000

CMSBC 0.6135 0.5138 0.6229 0.6223 0.7976 1.0000 1.0000 1.0000 1.0000 0.9976

CMBC 0.9781 1.0000 0.9889 0.9571 0.9251 1.0000 1.0000 1.0000 1.0000 1.0000

BON 0.9178 0.7951 0.6793 0.6105 0.8278 1.0000 1.0000 0.9919 0.9926 1.0000

CIB 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

BOB 1.0000 1.0000 1.0000 1.0000 1.0000 0.9292 0.8597 1.0000 1.0000 1.0000

ABC 0.8617 1.0000 1.0000 1.0000 1.0000 0.9641 0.9872 1.0000 1.0000 1.0000

BCM 1.0000 1.0000 1.0000 1.0000 1.0000 0.9562 0.9313 0.9749 0.9749 0.9463

ICBC 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

CEB 0.4364 0.4513 0.8039 0.8984 0.9146 0.8392 0.8345 0.8993 0.9288 0.8582

CCB 0.9109 0.9957 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9944 1.0000

BOC 0.9887 0.4231 0.2279 0.3327 0.9550 0.8687 0.8920 0.9523 0.9512 0.9069

CNCB 0.7441 1.0000 1.0000 1.0000 1.0000 0.9717 0.8654 0.9292 0.9692 0.8846

Mean 0.8694 0.8482 0.8592 0.8697 0.9462 0.9567 0.9411 0.9715 0.9850 0.9746

Std. 0.1977 0.2467 0.2441 0.2215 0.0887 0.0689 0.0831 0.0456 0.0233 0.0481
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0.9000
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0.9500
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Fig. 5 Mean overall and stage efficiencies of the banking system in
China during 2014–2018

Fig. 6 Estimated densities for the overall and stage efficiencies

Table 8 Summary statistics of the bank performance estimates in 2018
(decentralized vs. centralized)

Decentralized scenario Centralized scenario

Eo E1 E2 Eo E1 E2

Min 0.9089 0.7191 0.8582 0.0166 0.0000 0.0000

Max 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Mean 0.9812 0.9462 0.9746 0.7352 0.5534 0.8084

Std 0.0301 0.0887 0.0481 0.2657 0.3183 0.2691
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enacting and implementing policies (e.g., monetary policy)
associated with the banking industry.

4.4 Managerial implications

As we have seen, during 2014–2018, the inefficiency of
the banking system in China is mainly sourced from the
VAS. This is consistent with the findings of Wang et al.
(2014), and efforts should be taken by banks in China to
improve the performance of the VAS. One of the most
important factors leading to inefficiency is the mismatch
between bank scale and output level. As presented in Fig.
4, the annual mean overall efficiencies of COB with
relatively small scale (the mean fixed assets of COB is
5.94 billion yuan) are greater than those of SOB and JSB
with relatively larger scale (the mean fixed assets of SOB
and JSB is 75.78 billion yuan) over the study period. As a
result, those “big” banks should take advantage of their
scale to enhance their value-added performances.

On the other hand, instead of relying on a fixed-role
bank performance evaluation mechanism, the present
flexible-role approach could be a potential decision tech-
nique for guiding the implementation of efficient bank
operations. For example, bank managers may respond
differently to different external environments. When
facing with financial crisis, bank managers tend to hoard
reserves to survive risks. While under the stable macro-
economic environment, commercial banks focus primarily
on profit related goals, and the deposits are likely to be
considered as an input (Sealey and Lindley 1977). How-
ever, the future is often not predictable. As such, it would
be a very promising strategy for bank mangers to focus on
the flexible deposit management considering the relative
performances of peer banks.

5 Conclusions

In this paper, we propose a novel two-stage DEA model to
provide an alternative solution to the deposit dilemma.
Specifically, instead of fixing the role of deposits as an
input, an output, or an intermediate product, we provide a
general model to coordinate various perspectives associated
with the role of the deposits. On the one hand, we prove that
those fixed-role approaches can to some extent be special
cases of our proposed approach. On the other hand, we also
identify a potential Pareto improvement for multiple per-
spectives on the role of deposits, which can mitigate dis-
contentment arisen from those fixed-role strategies. Finally,
the empirical investigation on the performance of 16 Chi-
nese listed banks during 2014-2018 verifies the superiority
of our proposed approach, and shows that the inefficiency
of the banking system in China is mainly sourced from the
value-added stage rather than the profit-earning stage.

Several problems can be further explored. One direction is
to apply the proposed approach to efficiency evaluation in
other contexts, including the extension of other complicated
structures, such as three-stage, parallel, and even mixed
structures. In addition, we assume that all indicators are known
with absolute previsions. However, imprecise data may be
encountered in real applications. Therefore, the proposed
approach can also be extended to applications with input or
output uncertainties in the future (see, e.g., Wanke et al. 2016).
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