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Abstract
Purpose – This paper aims to solve the facility location problem of mobility industry call centers
comprehensively, considering both investment efficiency and long-term development efficiency.
Design/methodology/approach – In this paper, a two-phase decision-making approach within a multi-
criteria decision-making (MCDM) framework has been proposed to help select optimal locations among
various alternate locations. Both quantitative and qualitative information is collected and processed based on
fuzzy set theory and fuzzy analytic hierarchy process. Then the fuzzy technique for order preference by
similarity to an ideal solution method is incorporated in the framework to assess the overall feasibility of all
alternates.
Findings – A real case of a mobility giant in China is applied to verify the effectiveness of the proposed
framework. Sensitivity analysis also proves the robustness of the framework.
Originality/value – This two-phase MCDM framework allows the mobility industry call center location to
be selected considering economic, human resource and sustainability elements comprehensively. The
framework proposed in this paper might be applicable to other companies in the mobility industry when
deciding optimal locations of call centers.
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1. Introduction
Over the years, the mobility industry has gained great expansions all over the world and the
development is significant especially in China owing to the huge potential market. Till the
end of 2018, the user scale in the mobility industry had reached up to 330 million in China
with a total market scale of more than US$40bn. Then, it is expected to double in 2025
according to the China Automotive Smart Shared Mobility Development Report 2019 (China
Society of Automotive Engineers, 2019). Stimulated by the rapid development, some
domestic players have quickly grown into international mobility giants such as Uber and
Didi.

However, apart from the surging demand side, the service supply side is not always
capable of providing guaranteed mobility service to passengers. Especially in China, many
cases of passengers’ property loss or even cases of passengers killed by taxi drivers
happened in recent years (Echo Huang, 2019). To take deep thinking of this problem, the
outsourced call center service should be responsible for this. In recent years, mobility service
providers tend to communicate with the passengers via the outsourced call centers, just like
many other service industries: banks and telecom companies. However, the outsourced
telephone clerks have very limited authority to deal with some emergency cases when
passengers are in danger, timemight be wasted in telephone clerks’ internal reporting.

Currently, to better protect the safety of passengers and improve service quality, some
mobility service providers (e.g. Didi) in China have realized the importance of call centers
and have decided to self-run the business (Jesse Pottinger, 2019). While for practice,
problems emerge when mobile service providers are considering building their own call
centers, as site location selection is much more complex than other industries. On the one
hand, mobility service telephone clerks need to be more professional (e.g. they need to have a
proficient mastery of car and/or mobility-related knowledge) than clerks serving other
industries. So, the supply of plenty of qualified telephone clerks or well-educated
undergraduates is critical when considering potential selection cities. On the other hand, as
pioneers of sharing economy, mobility companies need to take long-term sustainability (e.g.
environmental-friendly factors) into considerations when deciding which city to locate the
call centers to show their social responsibilities.

However, as mobility service (especially the ride-sharing service) is a relatively new
business type that emerged in recent years, limited research has been done to explore the
problem of call center location selection while considering the service quality and long-term
sustainability. Hence, the aim of this research is to fill the research gap and propose a
generic decision-making framework for themobility call center location selection problem.

The rest of this article is organized as follows: Section 2 reviewed the related literature on
the call center location selection problem. The research methodology, the proposed decision-
making framework and the detailed evaluation criteria systems will be presented in Sections
3 and 4. A real case study of a large mobile service provider in China is shown in Section 5.
Conclusions are drawn in Section 6.

2. Literature review
From the literature, the call center location selection problem can be seen as a particular case
of facility location problem (FLP), the study of which first began in 1909 when AlfredWeber
considered how to select a location for a warehouse to minimize the total distance between it
and customers (Owen and Daskin, 1998). Much of the literature has proposed many decision-
making models to address FLP in different areas. Basically, FLP is a complex and
comprehensive issue, as there are many factors, both quantitative and qualitative, to be
considered to make an optimal decision (Birgün and Güngör, 2014).
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Much of the literature tried to address FLP under certainty situations, inputting
deterministic parameters and deriving a certain optimal solution. However, in practical
cases, the FLP of call centers is always addressed under uncertain situations. There are
three main reasons for it:

(1) Unlike the logistics distribution center, whose total cost plays a decisive role in its
optimal location selection, the FLP of the call center should take lots of goals into
consideration. Thus, it is difficult to establish deterministic optimization models to
select the optimal location;

(2) many qualitative parameters concerned with policy and sustainability are not able
to obtain deterministic and certain information or data; and

(3) There are many political and economic uncertainty issues concerned with alternate
locations in practice such as unpredictable restrictions or incentive policy on the
mobility industry.

To select a suitable location for a call center, considerations such as promoting the sustainable
development of the local economy, maximizing the customers’ satisfaction, minimizing total
investment and operation costs and sustainability of future expansions should be taken. The
location selection of a call center should, therefore, be considered as a multiple-criteria decision-
making (MCDM) problem under uncertain situations. MCDM indicates that to select the optimal
site from all alternate locations, the decision-makers need to take multiple factors into
consideration owing to the complexity and uncertainty of practical problems.

MCDM framework has been proved to be effective to solve FLP in different fields. Tsaur
et al. (2002) established an MCDM model based on the analytic hierarchy process (AHP) for
the selection of restaurant locations. Chu (2002) proposed an MCDM model based on the
fuzzy technique for order preference by similarity to an ideal solution (TOPSIS) to solve the
FLP under a group decisions environment. Tsaur et al. (2002) proposed an MCDM model
combining AHP and TOPSIS to evaluate the service quality of the airline. Zhang and Lu
(2003) proposed an integrated fuzzy group decision-making method so as to deal with the
fuzziness of the decision-maker’s preferences. Lili Yang (2007) studied how to find the
optimal location for fire-station combining a fuzzy multi-objective programming and a
genetic algorithm by considering the fuzzy nature of decision-makers in the optimization
model. Chou (2008) proposed a new fuzzy MADM (multi-attribute decision-making) method
named fuzzy simple additive weighting system to solve FLP. San Crist�obal (2011) used the
VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) method for solving the
selection problem of a renewable energy project in Spain. He (2016) improved the TOPSIS
method using weighted criterion distance to select the optimal location of a JDC (Joint
Distribution Center). The validation of the model was tested by sensitivity analysis of
comparing the improved model with traditional TOPSIS. Baušys and Juodagalvien_e (2017)
addressed the FLP of the garage at the parcel of a single-family residential house within the
MCDM framework. AHPwas used to calculate the weight of each criterion chosen.

Through extensive literature review, it can be found that no previous research has been
done for call center location selection. In this case, it would be effective to address this
problem within the MCDM framework owing to its generic applicability in solving FLP.
Further, some special considerations should be taken when establishing the MCDM
framework suitable for call center location selection.

� Apart from traditional benefit-related criteria, considerations of sustainability (e.g.
environmental and social factors) and special characteristics of the industry should
be taken when selecting the evaluation criteria.
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� Large quantities of alternates are supposed to be evaluated in which case the ease of
conduction and accuracy of results should be considered.

� Both qualitative and quantitative data should be collected and analyzed when
selecting the optimal location of the call center owing to its complexity.

Themain contributions of this paper are as follows:
� This is one of the first studies that provide detailed and comprehensive criteria

systems to, respectively, evaluate development efficiency and sustainability for
location selection of call centers in the mobility industry, which might provide a
theoretical reference for practitioners.

� A generic two-phase decision-making framework has been proposed to select the
optimal location in a more scientific way. This framework may provide a theoretical
reference for call center enterprises or government authorities when making multi-
criteria decisions under uncertain situations from perspectives of both sustainability
and efficiency.

3. Decision-making framework
This paper aims to propose a two-phase decision-making framework for mobility call center
location selection problems by incorporating economic and human resource considerations
and long-term sustainability considerations. Two phases of decision-making aim to improve
the overall efficiency and ensure the results’ accuracy. In the first phase, alternate cities with
bad performances in overall costs, high-quality human resource supply will be filtered out
from the groups. As no further data collection and analysis will be conducted regarding
these filtered alternates, the overall decision-making efficiency will be improved. As only the
good performers can go to the second phase where sustainable elements will be emphasized
and the most competitive alternate city will be chosen. As data concerned with sustainable
elements are mainly qualitative, containing uncertainty and subjectivity, reduction in the
size of evaluation groups will improve the decision-making accuracy. In this proposed
framework, fuzzy AHP and fuzzy TOPSIS are applied to, respectively, determine the
weights of criteria and select the optimal location.

3.1 Fuzzy analytic hierarchy process
The AHP was first proposed by (Saaty and Kearns, 1985) in 1985 which has the ability to
incorporate both qualitative descriptions of decision-makers and quantitative factors into
the decision-making process. The evaluation results can be obtained directly from the
decision-maker’s opinion represented by linguistics ratings. Then, the scope of AHP was
extended by integrating with fuzzy set theory to address the issue of uncertainty. In this
paper, the weights of different criteria are determined by fuzzy AHP. Decision-makers may
get more accurate and adequate results compared with classical AHP. The steps of fuzzy
AHP are shown as follows:

Step 1: Calculate the fuzzy synthetic extent
Let X = {x1, x2,. . .xn}be an objective set andU = {u1, u2, [. . .] um} be a goal set. Based on

the extent analysis method proposed by (Chang, 1996), we take each objective and perform
extent analysis for each goal, respectively. Thus, we can get m extent analysis for each
objective, respectively, as follows:
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Mgi
1;Mgi

2; . . . ;Mgi
m (1)

where eachMgi
m is a triangular fuzzy number (TFN) set and the fuzzy synthetic extent can

be calculated as:

Si ¼
Xm
j¼1

Mgi
j �

Xn
i¼1

Xm
j¼1

Mgi
j

" #�1

(2)

Step 2: Comparison of fuzzy values
The degree of possibility ofM1�M2 is defined as:

V M1 � M2ð Þ ¼ sup|{z}
x �y

min mM1
xð Þ; mM2

yð Þ� ��
(3)

When there exists a pair (x,y) such that x� y and mM1
xð Þ; mM2

yð Þ, we haveV(M1�M2) = 1.
AsM1 andM2 are convex fuzzy numbers, they are expressed as follows:

V M1 � M2ð Þ ¼ hgt M1 \M2ð Þ ¼ mM2
dð Þ (4)

where d is the ordinate of the highest intersection point D between mM1
and mM2

.When
M1 = (l1,m1, n1) andM2 = (l2,m2, n2) then mM2

dð Þ are calculated as:

mM2
dð Þ ¼

0; l1 > n2

l1 � n2
m2 � n2ð Þ � m1 � l1ð Þ ; otherwise

1; m2 > m1

8>>>>><
>>>>>:

(5)

For the comparison of M1 and M2, we need to calculate both values of V(M1 � M2) and
V(M2�M1).

Step 3: Priority weight calculation

V M � M1;M2; . . .Mkð Þ ¼ V M � M1ð Þ and M � M2ð Þ . . . and M � Mkð Þ� �
(6)

V M � M1;M2; . . .Mkð Þ ¼ minV M � Mið Þ i ¼ 1; 2; . . . ; k (7)

If

mðPiÞ ¼minVðSi � SKÞ for k¼ 1; 2; . . . ; n k 6¼ i (8)

Then the weight vector is given as:

WP ¼ m P1ð Þ;m P2ð Þ; � � �m Pnð Þ� �T
(9)

Step 4: Calculation of normalized vector
Based on the normalization ofWPwe can get the normalized weight vector as:
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W ¼ w P1ð Þ;w P2ð Þ; � � �w Pnð Þ� �T
(10)

whereW is not the fuzzy number and it illustrates the priority weights of one alternate over
others.

3.2 Fuzzy technique for order preference by similarity to an ideal solution
TOPSIS is a well-knownMCDMmethod to solve the problem under uncertainty. It was first
proposed by Hwang and Yoon (1981). The main logic behind this is that the best solution
among all alternates should have the shortest distance between itself with the positive ideal
solution and the longest distance with the negative ideal solution (Uygun and Dede, 2016).
The biggest advantage of TOPSIS is the ease of conduction which means that decision-
makers do not need to undertake cumbersome calculations to get the results of evaluations.
At the same time, decision-makers can get stable and accurate results. Another advantage of
TOPSIS is that it is easy and applicable to integrate with other methods to solve MCDM
problems. However, traditional TOPSIS is also criticized for its limitations of linguistics
ratings represented by a single numeric value. So, traditional TOPSIS can be improved by
integrating with fuzzy theory to make more accurate evaluations. Instead of applying a
single numeric value, fuzzy numbers are used to make linguistics judgments. Many
researchers have incorporated traditional TOPSIS with fuzzy set theory to solve problems
under uncertainty. In these research studies, different membership functions such as
triangular and trapezoidal are used. Studies have shown that it is more appropriate to use
TFNs, as it is easy to operate and it yields better evaluation results. Thus, in this research,
fuzzy TOPSIS integrating traditional TOPSIS with fuzzy set theory using TFNs was
applied.

The steps of fuzzy TOPSIS using TFNs are described as follows (Choudhary and
Shankar, 2012; dos Santos et al., 2019):

Supposing that there are a set ofm alternates:A = (A1,A2, . . .,Am), a set of n criteria: C =
(C1, C2, . . ., Cn), a set of k decision-makers:D= (D1,D2, . . .,Dk)

Step 1: Aggregate linguistics rating of all experts
Let ~aijk ¼ aijkL; aijkM ; aijkR

� �
be the linguistics rating of kth decision-makers

regarding ith alternate in terms of jth criterion where 0#aijkL# aijkM #aijkR# 1. So,
the aggregating linguistics rating for the ith alternate with respect to the jth criterion
can be calculated as:

~aij ¼
~aij1 � ~aij2 � . . .� ~aijk

k
(11)

Step 2: Normalize the fuzzy decision matrix
The initial fuzzy matrix can be built up by equation (12). Based on the initial fuzzy

matrix, we can normalize it by the following method. As we mentioned before, there are two
kinds of criteria: cost-type and benefit-type criteria.

For cost-type criteria, we can normalize it by:

~bij ¼ maxf~aij; i ¼ 1; 2; . . . ;mg � ~aij
maxf~aii; i ¼ 1; 2; . . . ;mg �minf~aii; i ¼ 1; 2; . . . ;mg (12)

For benefit-type criteria, we can normalize it by:
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~bij ¼
~aij �maxf~aij; i ¼ 1; 2; . . . ;mg

maxf~aii; i ¼ 1; 2; . . . ;mg �minf~aii; i ¼ 1; 2; . . . ;mg (13)

As a result, we can obtain the normalized fuzzy decision matrix:

B ¼ ~bij
� �

m*n
¼

~b11 � � � ~b1n
..
. . .

. ..
.

~bm1 � � � ~bmn

0
BB@

1
CCA (14)

Step 3: Calculate the weight of each criterion
Theweight of each criterion can be calculated using equations (1)–(11).
Step 4: Calculate the weight-normalized fuzzy decisionmatrix
The weight-normalized fuzzy matrix can be calculated by:

C ¼ ~cij
� �

m*n
¼

~b11*~w1 � � � ~b1n*~wn

..

. . .
. ..

.

~bm1*~w1 � � � ~bmn*~wn

0
BB@

1
CCA (15)

Step 5: Define the positive and negative ideal solutions
We can obtain the positive and negative ideal solutions by taking the best and worst

value of each alternates in terms of each criterion. Supposing that T1 and T2 represent the
set of cost-type criteria and benefit-type criteria, respectively. Then, the positive and
negative ideal solutions are calculated as:

~C
þ ¼ ctþL; ctþM ; ctþR

� �
¼ max cijjj 2 T1;min cijjj 2 T2

� 	
(16)

~C
� ¼ ct�L; ct�M ; ct�R

� �
¼ min cijjj 2 T1;min cijjj 2 T2

� 	
(17)

Step 6: Calculate the distance of each alternate to the positive and negative ideal
solutions

The distance of each alternate to positive and negative ideal solutions are
calculated as:

dþi ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
cijL � cjþL
� �2 þ cijM � cjþM

� �2 þ cijR � cjþR
� �2h i

3

vuut
(18)

d�i ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
cijL � cj�L
� �2 þ cijM � cj�M

� �2 þ cijR � cj�R
� �2h i

3

vuut
(19)

Step 7: Calculate the relative closeness of each alternate
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Ri ¼
d�i

d�i þ dþi
(20)

Step 8: Rank all alternates based on relative closeness
Based on the relative closeness of each alternate regarding positive and negative ideal

solutions, we can rank all alternates in descending of Ri.

3.3 Decision-making phases
3.3.1 Phase I – initial filtering by investment efficiency elements. In this phase, all potentially
feasible locations will be identified by taking into consideration parameters highly related to the
development efficiency of a call center. The procedures can be summarized as the following steps:

Step 1: Determine the base pool consisting of all intended cities. In this process,
consideration in terms of feasibility and efficiency is not required. Certainly, this city pool
contains both feasible and infeasible alternates.

Step 2: Establish the development efficiency criteria system to evaluate all alternate
locations. Then, collect the quantitative data of all alternate locations regarding each criterion.

Step 3: Determine the weights of all criteria using fuzzy AHP. Linguistics ratings are
represented by TFNs.

Step 5: Carry out the normalization process based on the type of each criterion. For cost-
type criteria, the lower value of the criteria it has, the better it will be. For benefit-type
criteria, the higher value of the criteria it has, the better it will be.

Step 6: Rank the weight-normalized values to select all potential locations. The specific
requirements are determined by the call centers, as different enterprises set different
requirements on feasibility.

3.3.2 Phase II – optimal filtering considering long-term sustainable elements. In this
phase, the optimal location will be identified by taking into consideration parameters highly
related to the long-term development sustainability of a call center. The procedures can be
summarized as the following steps:

Step 1: Establish the sustainability criteria system to evaluate the long-term
sustainability of potentially feasible locations. Then, collect qualitative information
regarding each criterion for further evaluation.

Step 2: As the same as phase I, determine the weights of all criteria using fuzzy AHP.
Linguistics ratings are represented by TFNs.

Step 3: Based on the information collected, evaluate all feasible locations regarding each
criterion by linguistics ratings.

Step 4: Carry out the normalization process, calculate the weight-normalized value.
Calculate the relative closeness of feasible locations using fuzzy TOPSIS.

Step 5: Rank the relative closeness values to select the optimal location.
In conclusion, the proposed two-phase decision-making framework can be summarized

as follows: By inputting both quantitative data and qualitative data, we can obtain the
optimal decision of location selection for a call center. Then, we establish two criteria index
systems to, respectively, evaluate the development efficiency and sustainability of alternate
locations. The research roadmap is illustrated by the following graph Figure 1.

4. Evaluation criteria
In this part, the criteria index systems are established to, respectively, evaluate the
development efficiency and sustainability of alternate cities. The selection of evaluation
criteria is based on the literature review and the practical needs of call centers. Thus, both
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generic consideration of FLP and special consideration regarding the mobility industry
should be taken.

The hierarchy of evaluation criteria is shown in Figure 2.

4.1 Development efficiency criteria
In the first phase of evaluation, some elements of development efficiency are considered to
evaluate the alternate locations. The efficiency criteria consist of 2 sub-criteria: criteria of
economic and criteria of human resource. The details can be found in Table 1.

4.1.1 Economic criteria.
4.1.1.1 E1: Labor cost. A call center generally has hundreds of staff operating every day in
which case the labor cost has a great impact on site selection (Birgün and Güngör, 2014). A
higher labor cost will increase the total operation cost of a call center. The labor cost consists
of salary expenditure, staff welfare, insurances fee and any other cost related to an
employee. In this paper, the average salary of call center clerks in CNY per person per month
in each alternate city is chosen to represent E1.

4.1.1.2 E2: Land cost. Generally, a call center requires a huge working place to settle in
hundreds of employees and fixed equipment. An increase in land cost will significantly
influence the overall capital investment. So, the land cost has a critical impact on site
selection (Rao et al., 2015). In this paper, the average rent of office buildings in each alternate
city in CNY per square meter is used for representing E2.

4.1.1.3 E3: Tax policy. Tax is a very important parameter when evaluating the economic
conditions of alternate cities. A city with better tax policies will certainly be more attractive
owing to the lower total cost (He, 2017). Some cities will provide special tax policies to attract
more investment from enterprises. Call centers are more prone to locate in these cities. In this
paper, a binary variable is used to quantify this criterion. Alternate cities with appealing tax
policies will be marked with 1, otherwise with 0 in this research.

Figure 1.
Research roadmap
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4.1.1.4 E4: Investment incentive. Different cities provide different investment incentive
policies to attract investment from new enterprises such as a one-year-free rent policy
(Özkan, 2012). Call centers are prone to select these cities to relieve the initial capital burden.
As the same as “tax policy,” a binary variable is used to quantify this criterion.

4.1.1.5 E5: Urban agglomeration. A city in core urban agglomeration gains stronger
competitiveness over other cities owing to better human resource conditions and potential
development. Cities in core urban agglomerations will have more opportunities and better
supporting policies both from the central government and provincial government levels
(Chuanglin, 2015). As the same as “tax policy,” a binary variable is used to quantify this
criterion. All alternate cities will be classified into “national” or “regional” depending on the
urban agglomeration they are in.

4.1.2 Human resource criteria.
4.1.2.1 HR1: Total employment in the service industry. Total employment in the service
industry is a crucial criterion to evaluate the capability of human resource supply for call

Table 1.
Efficiency evaluation
criteria

Criteria Sub-criteria Type Source

Economic Labor cost Cost Birgün and Güngör (2014)
Land cost Cost Rao et al. (2015)
Tax policy Benefit He (2017)
Investment incentive Benefit Özkan (2012)
Urban agglomeration Benefit Model assumption

Human resource Scale of employment in the service industry Benefit Model assumption
Number of high education institutions Benefit Özkan (2012)
Scale of high-educated graduates Benefit Özkan (2012)
Scale of existing call centers Cost Model assumption

Figure 2.
Hierarchy structure
of evaluation criteria
systems
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centers of alternate cities. In this paper, the total number of employees in the service
industry of each alternate city is used to represent the index of HR1, that a larger value of
HR1, the stronger capability of a city could provide the qualified human resource.

4.1.2.2 HR2: Number of high education institutions The number of high education
institutions illustrates the research and technology level of alternate cities. Locating in a city
full of high education institutions will help call centers in operation when outsourcing
projects (Özkan, 2012). In this paper, the total number of higher education institutions of
each alternate city is used to represent the index. The larger value of HR2, the stronger
capability of technical cooperation a city could provide.

4.1.2.3 HR3: Scale of high-educated graduates. Nowadays, especially in the mobility
industry, advanced talents such as software engineers and IT engineers are urgently needed
owing to the rapid development. The scale of high-educated graduates evaluates the
education level of the present human resource market (Özkan, 2012). Cities with a larger
scale of high-educated graduates are more appealing to call centers. In this paper, the total
number of high-educated graduates of each alternate city is used to represent HR3. With a
larger value of HR3, the stronger capability of a city could provide high-quality engineers.

4.1.2.4 HR4: Scale of existing call centers. However, existing call centers in some cities
will increase the recruitment cost and overall human resource cost even though they
contribute to the large employment. Because business competition among call centers will
generally help to increase the overall salary level of clerks. So, the scale of existing call
centers will play a negative impact on the overall feasibility of alternate cities. In this paper,
the total number of employees of call centers in each alternate city is used to quantify this
criterion. The larger value of HR4, the higher the competition pressure of a city would have.

4.2 Development sustainability criteria
For the second phase of evaluation and filtering, some sustainable elements will be
considered and emphasized. The sustainability criteria consist of three sub-criteria: criteria
of development potential, social responsibilities and environmental friendliness. The details
can be found in Table 2.

4.2.1 Development potential.
4.2.1.1 D1: Possibility of expansion. Possibility of expansion is a parameter to evaluate the
development sustainability of alternate cities. It refers to the potential of alternate cities for a
call center to enlarge its scale in the long run. With the rapid development of the mobility
industry, a city with a higher possibility of expansion will certainly benefit a lot (Bouhana
et al., 2013; Awasthi et al., 2011; Kuo, 2011).

4.2.1.2 D2: Public facilities condition. A well-operated call center requires good and stable
public facilities conditions to function properly such as stable network service, electricity
supply and water supply (Elevli, 2014). The equipment in a call center is extremely
expensive and vulnerable. An insufficient or unstable power supply will do great damage to
the equipment.

4.2.1.3 D3: Potential of urban agglomeration. Cities in different urban agglomeration
have different development potential in terms of market of advanced talents, the
opportunity of economic cooperation, level of technology innovation, etc. It is significant,
therefore, to evaluate the potential of different urban agglomerations.

4.2.1.4 D4: Government support. Mobility service providers, as a pioneer of sharing
economy, appeal to lots of second-tier and third-tier cities. Local governments may provide
special policies over tax and land use to attract these call centers (He, 2017; Özkan, 2012).

4.2.1.5 D5: Technology level. The technology level should be considered, as the mobility
industry is gaining rapid development nowadays. More and more advanced technologies
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have been applied in call centers to improve their overall performance in terms of customer
satisfaction, cost management and personnel evaluation.

4.2.2 Social responsibilities.
4.2.2.1 S1: Impact of noise on nearby residents. Social responsibility should also be
considered when selecting the location of a call center. Thus, the location selection of a call
center should consider the negative externalities it may cause (Rao et al., 2015; He, 2017)
Noise is a possible negative impact caused by a call center.

4.2.2.2 S2: Role in promoting employment rate. Role in promoting employment rate
illustrates how much can society benefit from call center enterprise (He, 2017). The higher
role they play, the better the brand image they will have in society and the huger potential of
opportunity to carry economic cooperation with the local government.

4.2.2.3 S3: Role in promoting technological innovation. As the same as the role in
promoting employment rate, role in promoting technological innovation is another external
benefit can society gains from call centers. By cooperating with institutions and local
government, technology innovation can be improved.

4.2.2.4 S4: Role in promoting local economic planning. The Chinese government will
make its development plans every five years and so do local governments. Some local
governments aim to promote their information technology level in their five-year
development plans (He, 2017). Locating in these cities is a win-win strategy for call centers.

4.2.3 Environmental-friendliness.
4.2.3.1 E1: Impact on ecological landscape. A call center is supposed to harmonize with the
surrounding landscape of alternates cities (Bouhana et al., 2013; Guo and Zhao, 2015; Vafa-
Arani et al., 2014). Social responsibility as maintaining or improving the landscape without
damaging its original image is important.

4.2.3.2 E2: Natural conditions. When selecting the optimal location of a call center,
comprehensive evaluation over the local natural environmental conditions such as
temperature, wind and rainfall should be conducted, as it helps to reduce the risk of the
construction and operation (Chou et al., 2008).

Table 2.
Sustainability
evaluation criteria

Criteria Sub-criteria Type Source

Development
potential

Possibility of expansion Maximize Awasthi et al. (2011)
Bouhana et al. (2013)
Kuo (2011)

Public facilities condition Maximize Elevli (2014)
Urban agglomeration Maximize Model assumption
Government support Maximize He et al. (2017)

Özkan (2012)
Technology level Maximize Model assumption

Social
responsibility

Impact of noise on nearby residents Minimize Rao et al. (2015)
He et al. (2017)

Role in promoting employment rate Maximize He et al. (2017)
Role in promoting technological innovation Maximize Model assumption
Role in promoting local economic planning Maximize He et al. (2017)

Environmental-
friendliness

Impact on ecological landscape Minimize Bouhana et al. (2013)
Guo and Zhao (2015)
Vafa-Arani (2014)

Natural conditions Maximize Chou et al. (2008)
Compliance with environmental laws and
regulations

Maximize Dweiri et al. (2018)
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4.2.3.3 E3: Compliance with environmental laws and regulations. The location selection
of a call center must comply with environmental laws and regulations released by the local
government. Then, further, call centers should comprehensively consider the alternate cities’
land-use planning, natural resource condition, etc. Compliance with the spatial structure of
alternate cities is also relevant Dweiri et al. (2018).

5. Case study
The proposed two-phase decision-making framework was applied to a real case of call
center location selection in China. This mobility service provider company has been
operating a call center in Shanghai for two years and it decided to build up a new one in
China, owing to the rapid development of its mobility business. Considering the high cost
and development limitation of the existing call center, the company intended to find a better
location with lower cost and better development sustainability. A group of four decision-
makers, one from the marketing department, two from top-level managers, one from
consulting organization came together to evaluate all possible locations to select the optimal
one.

5.1 Phase I – potentially feasible locations
In this phase, all intended cities were first selected. Basically, first-tier cities are not
considered owing to extremely high cost, just like the existing call center in Shanghai. At
meanwhile, cities below the third-tier are not considered as well, as these less-developed
cities tend to have the worse potential of future development and human resource condition
(Jack, 2006). Through group discussion, the city pool was constructed, consisting of all
possible cities shown in Appendix Table A1:

After building up the city pool, the data of all aspects was collected through different
channels such as official documents from the Statistics Department of Government, a
commercial report released by consulting organization and a database of third-party
platforms. The details of all information were shown in Appendix Table A2. Further, data
was normalized using a different method based on the type of each criterion, cost-type or
benefit-type. The normalized data was shown in Appendix Table A3.

Then, the weight of each criterion was determined by the fuzzy AHP method. First, the
different priority weights of all criteria and their sub-criteria were determined using the
linguistics ratings and triangular scale defined by (Bozbura et al., 2007) in Table 3.
By using the extent analysis approach proposed by (Chang, 1996), the priority weights
based on the linguistics ratings from experts were calculated. The results were shown in
Tables 4–6.

The process fuzzy AHP using the example of calculation with respect to four main
criteria is illustrated below. First, the values of fuzzy synthetic extent were calculated as:

Table 3.
TFNs of comparison

measures

Linguistics ratings Triangular fuzzy scale Triangular fuzzy reciprocal scale

Absolutely more important (2.5, 3, 3.5) (0.2, 0.3, 0.4)
Very strongly more important (2, 2.5, 3) (0.3, 0.4, 0.5)
Strongly more important (1.5, 2, 2.5) (0.4, 0.5, 0.6)
Weakly important (1, 1.5, 2) (0.5, 0.6, 1)
Equally important (0.5, 1, 1.5) (0.6, 1, 2)
Just equal (1, 1, 1) (1, 1, 1)
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S1 ¼ ð2:3; 2:6; 3:2Þ � ð14:3; 17:3; 21:2Þ�1 ¼ ð0:1085; 0:1503; 0:2238Þ

S2 ¼ ð4:5; 5:5; 6:5Þ � ð14:3; 17:3; 21:2Þ�1 ¼ ð0:2123; 0:3179; 0:4545Þ

S3 ¼ ð4:5; 5:5; 6:5Þ � ð14:3; 17:3; 21:2Þ�1 ¼ ð0:2123; 0:3179; 0:4545Þ

S4 ¼ 3; 3:7; 5ð Þ � 14:3; 17:3; 21:2ð Þ�1 ¼ ð0:1415; 0:2139; 0:3497Þ

Then, the V values were calculated using equations (3)–(5), the results are shown in Table 7.
Based on the V values, the degree of possibility could be obtained by equations (6)–(8).

mðP1Þ ¼minVðS1 � SKÞ ¼ minð1; 1; 1Þ ¼ 0:064

Similarly

m P2ð Þ ¼ m P3ð Þ ¼ 1; m P4ð Þ ¼ 0:569

Then the weight vector was calculated as:

WP ¼ ð0:064; 1; 1; 0:569ÞT

Table 4.
The fuzzy
comparison matrix
within short-term
evaluation criteria

Criteria Economic Human resource Weight

Economic (1, 1, 1) (1, 1, 1) 0.5
Human resource (1, 1, 1) (1, 1, 1) 0.5

Table 5.
The fuzzy
comparison matrix
within economic
criteria

Criteria E1 E2 E3 E4 E5 Weight

E1 (1, 1, 1) (1, 1.5, 2) (1.5, 2, 2.5) (1.5, 2, 2.5) (1, 1, 1) 0.37
E2 (0.5, 0.6, 1) (1, 1, 1) (1, 1.5, 2) (1, 1.5, 2) (0.5, 0.6, 1) 0.23
E3 (0.4, 0.5, 0.6) (0.5, 0.6, 1) (1, 1, 1) (1, 1, 1) (0.4, 0.5, 0.6) 0.02
E4 (0.4, 0.5, 0.6) (0.5, 0.6, 1) (1, 1, 1) (1, 1, 1) (0.4, 0.5, 0.6) 0.02
E5 (1, 1, 1) (1, 1.5, 2) (1.5, 2, 2.5) (1.5, 2, 2.5) (1, 1, 1) 0.37

Table 6.
The fuzzy
comparison matrix
within human
resource criteria

Criteria HR1 HR2 HR3 HR4 Weight

HR1 (1, 1, 1) (0.4, 0.5, 0.6) (0.4, 0.5, 0.6) (0.5, 0.6, 1) 0.02
HR2 (1.5, 2, 2.5) (1, 1, 1) (1, 1, 1) (1, 1.5, 2) 0.38
HR3 (1.5, 2, 2.5) (1, 1, 1) (1, 1, 1) (1, 1.5, 2) 0.38
HR4 (1, 1.5, 2) (0.5, 0.6, 1) (0.5, 0.6, 1) (1, 1, 1) 0.22
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After the normalization process, we can get the normalized weight vector as:

WP ¼ ð0:02; 0:38; 0:38; 0:22ÞT

The rest calculation processes were not given here, as the procedure of calculation are all the
same as the above. After finishing all calculations, the global and local weights of all criteria
are shown in Table 8.

After finishing the weight of each criterion, the weight-normalized values were
calculated combining the weight and normalized data of all intended cities, the results were
shown in Table 9.

In the end, four potentially feasible cities, with the weigh-normalized values higher than
0.6, were chosen: Xi’an, Chongqing, Wuhan, Tianjin (thereafter represented as A1, A2, A3

andA4). The selection of potentially feasible cities was based on the following principles:
� Meet the practical needs of call center enterprises (e.g. intuitive judgment).
� No more than 6 to ensure the result accuracy in phase II based on linguistics ratings.
� The performance of selected alternates should be significantly better than others.

So, in the next phase, the sustainability of these four cities would be evaluated through
group decisions.

5.2 Phase II – optimal location
Similarly, the weight of each criterion in the long-term criteria system would be calculated.
The linguistic rating andweight were shown in Tables 10–14.

Then, fuzzy TOPSIS was applied to rank all the alternate cities. We used the linguistics
ratings defined by Awasthi et al. (2011) to evaluate all alternate cities, shown in Tables 15
and 16. The weight-normalized matrix was shown in Table 17, based on which we can
calculate the distance from alternate cities to positive and negative ideal solution and then
calculate the relative closeness, the results were shown in Table 18.

Table 8.
Global and local

weights of short-term
criteria

Criteria Global weight Sub-criteria Local weight

Economic 0.50 Labor cost 0.37
Land cost 0.23
Tax policy 0.02
Investment incentive 0.02
Urban agglomeration 0.37

Human resource 0.50 Scale of employment in the service industry 0.02
Number of high education institutions 0.38
Scale of high-educated graduates 0.38
Scale of existing call centers 0.22

Table 7.
The V values of

criteria

V HR1 HR2 HR3 HR4

HR1 1 1 1
HR2 0.06426 1 0.56905
HR3 0.06426 1 0.56905
HR4 0.56405 1 1
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By comparing the relative closeness values of all four alternate cities, we can draw a
conclusion that A3 (Wuhan) > A2 (Chongqing) > A4 (Tianjin) > A1(Xi’an). Thus, Wuhan
was recommended as the optimal location for the call center.

5.3 Sensitivity analysis
To investigate the robustness of the proposed model, sensitivity analysis was conducted to
evaluate the performance of the decision-making process. Based on the decision-making
logic of fuzzy TOPSIS, the optimal location should be the city with the highest relative
closeness value.

The value of global weights of each criterion, which illustrates the overall importance of
this main criteria and the value of the local weight, which illustrates the local importance
within the main criterion, will be mutually exchanged within 2 criteria while the values of
other criteria remain unchanged in the sensitivity analysis (Rosenhead, 1972). For example,
the local weight of C1 was exchanged with local weights of C2, C3, C4 and C5 sequentially.
The relative closeness of different situations is calculated and observed the stability of
decision-making rank. The results are shown in Table 19 and Figure 3.

Table 10.
The fuzzy

comparison matrix
within long-term

evaluation criteria

Criteria C1 C2 C3 Weight

C1 (1, 1, 1) (1, 1.5, 2) (1.5, 2, 2.5) 0.57
C2 (0.5, 0.6, 1) (1, 1, 1) (1, 1.5, 2) 0.35
C3 (0.4, 0.5, 0.6) (0.5, 0.6, 1) (1, 1, 1) 0.08

Table 11.
The fuzzy

comparison matrix
within development

potential criteria

Criteria D1(0.4, 0.5, 0.6) D2 D3 D4 D5 Weight

D1 (1, 1, 1) (1.5, 2, 2.5) (1, 1.5, 2) (1, 1, 1) (1, 1.5, 2) 0.31
D2 (0.4, 0.5, 0.6) (1, 1, 1) (0.5, 0.6, 1) (0.4, 0.5, 0.6) (0.5, 0.6, 1) 0.05
D3 (1, 1.5, 2) (1, 1, 1) (0.4, 0.5, 0.6) (1, 1, 1) 0.17
D4 (1, 1, 1) (1.5, 2, 2.5) (1, 1.5, 2) (1, 1, 1) (1, 1.5, 2) 0.31
D5 (0.5, 0.6, 1) (1, 1.5, 2) (1, 1, 1) (0.5, 0.6, 1) (1, 1, 1) 0.17

Table 12.
The fuzzy

comparison matrix
within social

responsibility criteria

Criteria S1 S2 S3 S4 Weight

S1 (1, 1, 1) (0.5, 0.6, 1) (1, 1.5, 2) (0.5, 0.6, 1) 0.22
S2 (1, 1.5, 2) (1, 1, 1) (1.5, 2, 2.5) (1, 1, 1) 0.38
S3 (0.5, 0.6, 1) (0.4, 0.5, 0.6) (1, 1, 1) (0.4, 0.5, 0.6) 0.02
S4 (1, 1.5, 2) (1, 1, 1) (1.5, 2, 2.5) (1, 1, 1) 0.38

Table 13.
The fuzzy

comparison matrix
within

environmental-
friendliness criteria

Criteria E1 E2 E3 Weight

E1 (1, 1, 1) (1, 1.5, 2) (0.5, 0.6, 1) 0.35
E2 (0.5, 0.6, 1) (1, 1, 1) (0.4, 0.5, 0.6) 0.08
E3 (1, 1.5, 2) (1.5, 2, 2.5) (1, 1, 1) 0.57
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Table 15.
Transformation rules
for linguistics ratings

Linguistics ratings TFNs

Very low (VL) (1, 1, 3)
Low (L) (1, 3, 5)
Medium (M) (3, 5, 7)
High (H) (5, 7, 9)
Very high (VH) (7, 9, 9)

Table 16.
Linguistics ratings of
experts with respect
to four feasible cities

Alternatives\Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

EP1
Xi’an M VH VL M VH VH M M L VH H M
Chongqing M M VL M M M L H H M VL H
Wuhan VH L VH H H L M M M VL M VH
Tianjin M VH H M VH H M VL VL H H L

EP2
Xi’an H H M M H M H L VL VH VH M
Chongqing M M VL H L VL M H VH M VL H
Wuhan L VL H VH M L H M H VL VL VH
Tianjin H VH H M VH H M L L VH H H

EP3
Xi’an H VH M H VH M H M M H H M
Chongqing VH M VL H L VL M VH VH L M H
Wuhan H L VH H M VL H M VH M VL VH
Tianjin VH VH VH H H H H VL L H H M

EP4
Xi’an M H VL M VH M VH L VL H M M
Chongqing VH M L VH H VL H H VH M VL H
Wuhan M M H H M VL M L H VL M VH
Tianjin H VH VH H VH H M VL VL VH H H

Table 14.
Global and local
weights of all long-
term criteria

Criteria
Global
weight Sub-criteria Local weight

Development potential 0.57 Possibility of expansion 0.31
Public facilities condition 0.05
Urban agglomeration 0.17
Government support 0.31
Technology level 0.17

Social responsibility 0.35 Impact of noise on nearby residents 0.22
Role in promoting employment rate 0.38
Role in promoting technological
innovation

0.02

Role in promoting local economic
planning

0.38

Environmental
friendliness

0.08 Impact on ecological landscape 0.35
Natural conditions 0.08
Compliance with environmental laws
and regulations

0.57
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It can be clearly seen that in each of the experiment runs alternate city (Wuhan) had the
largest relative closeness value. This indicates that a stable rank could be obtained while
exchanging the weights of criteria. Only in the 16th experiment run, a different rank: A3 >
A4 > A2 > A1 appears, in which case alternate city (Tianjin) became the second-best
alternate. This demonstrates the robustness and stability of the proposed model.

Table 17.
Weight-normalized

matrix

Criteria
Alternates

Xi’an (A1) Chongqing (A2) Wuhan (A3) Tianjin (A4)

C1 (0.,0.,0.088) (0.088,0.118,0.118) (0,0,0) (0.118,0.118,0.177)
C2 (0.023,0.024,0.029) (0.008,0.010,0.014) (0,0,0) (0.029,0.029,0.029)
C3 (0.029,0.037,0.044) (0,0,0) (0.097,0.097,0.097) (0.097,0.097,0.097)
C4 (0,0,0) (0.118,0.133,0.133) (0.177,0.177,0.177) (0.044,0.044,0.059)
C5 (0.097,0.097,0.097) (0,0,0) (0.024,0.024,0.039) (0.097,0.097,0.097)
C6 (0.015,0.019,0.023) (0.067,0.077,0.077) (0.077,0.077,0.077) (0,0,0)
C7 (0.133,0.133,0.133) (0,0,0) (0.067,0.067,0.089) (0.033,0.033,0.044)
C8 (0.002,0.003,0.003) (0.007,0.007,0.007) (0.002,0.004,0.004) (0,0,0)
C9 (0,0,0) (0.133,0.133,0.133) (0.093,0.100,0.108) (0,0.011,0.015)
C10 (0,0,0) (0.014,0.016,0.022) (0.028,0.028,0.028) (0,0,0)
C11 (0,0,0.001) (0.006,0.006,0.006) (0.005,0.005,0.005) (0,0,0)
C12 (0,0,0) (0.023,0.023,0.046) (0.046,0.046,0.046) (0.006,0.006,0.011)

Table 18.
Relative closeness

values of four
alternate cities

Alternates
Value Xi’an (A1) Chongqing (A2) Wuhan (A3) Tianjin (A4)

di
- 0.0321 0.0529 0.0667 0.0433

di
þ 0.0742 0.0412 0.0297 0.0517

Ri 0.3021 0.5622 0.6921 0.4558

Table 19.
Sensitivity analysis

results

Experiment run
Weight
exchange Relative closeness Rank

1 C1–C2 0.2547 0.4850 0.6921 0.3360 A3> A2> A4 >A1
2 C1–C3 0.3059 0.5322 0.6492 0.4150 A3> A2> A4 >A1
3 C1–C4 0.3021 0.5622 0.6921 0.4558 A3> A2> A4 >A1
4 C1–C5 0.2817 0.5322 0.7110 0.4150 A3> A2> A4 >A1
5 C2–C3 0.2832 0.5633 0.6600 0.4149 A3> A2> A4 >A1
6 C2–C4 0.2615 0.4509 0.5637 0.3353 A3> A2> A4 >A1
7 C2–C5 0.2809 0.5633 0.6701 0.4149 A3> A2> A4 >A1
8 C3–C4 0.3098 0.5134 0.6113 0.4029 A3> A2> A4 >A1
9 C3–C5 0.3021 0.5622 0.6921 0.4558 A3> A2> A4 >A1

10 C4–C5 0.2850 0.5134 0.6658 0.4029 A3> A2> A4 >A1
11 C6–C7 0.2972 0.5472 0.6408 0.4409 A3> A2> A4 >A1
12 C6–C8 0.2943 0.5091 0.6532 0.4558 A3> A2> A4 >A1
13 C6–C9 0.3061 0.5300 0.6420 0.4516 A3> A2> A4 >A1
14 C7–C8 0.2588 0.4810 0.5929 0.4207 A3> A2> A4 >A1
15 C7–C9 0.3021 0.5622 0.6921 0.4558 A3> A2> A4 >A1
16 C8–C9 0.2968 0.4203 0.5814 0.4462 A3> A4> A2 >A1
17 C10–C11 0.3021 0.5567 0.6868 0.4558 A3> A2> A4 >A1
18 C10–C12 0.3021 0.5602 0.6876 0.4547 A3> A2> A4 >A1
19 C11–C12 0.3021 0.5453 0.6746 0.4533 A3> A2> A4 >A1
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6. Conclusion
A generic two-phase decision-making framework was proposed for the evaluation and selection
of optimal locations for call centers in the mobility industry. A detailed evaluation criteria
system involving 21 criteria was developed for assessing both development efficiency and long-
term sustainability of call center location problem. The proposed decision-making framework is
developed based on fuzzy MCDM and aims at solving the practical problems that emerged in
themobility industry, asMCDMmodels have been proved to be effective for solving FLP.

Compared with previous research works, the two-phase decision-making approach has
twomain theoretical advantages:

(1) Improving decision-making efficiency

To solve the location selection problem of call centers in the mobility industry, large quantities
of alternates should be evaluated. However, it would be time-consuming and unnecessary to
collect all quantitative and qualitative data overall alternates. Logically, an alternate city with
poor conditions regarding human resource and investment factors is not likely to be the
optimal location, unless some unpredictable issues occur. However, this kind of exception is not
considered in this paper. By eliminating these poor-performed alternates from decision-making
groups, the efficiency of decision-making would be improved significantly.

(2) Improving decision-making accuracy

Under an uncertain decision-making environment, qualitative data are collected based on
experts’ subjective judgments such as pairwise comparison using linguistics rating. When
there are many alternates evaluated simultaneously, the decision-making results will be
extremely inaccurate. By applying a two-phase decision-making approach, we only
concentrate on these highlighting alternates. By reducing the frequency of pairwise
comparison, the accuracy of decision-making will be improved significantly.

From the practical perspective, a large mobile service provider in Chin launched a real-world
project of call center location selection. In this project, our proposed method was compared with
competitors’ frameworks and traditional methods and it was finally adopted, which validated
the feasibility and robustness of the proposed decision-making framework practically.

The limitation of this research is that qualitative information was collected and evaluated
based on linguistics ratings from experts. For further research, some other advanced expert
evaluation systems could be applied to better evaluate the qualitative information.

Figure 3.
Results of sensitivity
analysis using fuzzy
TOPSIS

SRT
3,2

196



References
Awasthi, A., Chauhan, S.S. and Goyal, S.K. (2011), “A multi-criteria decision-making approach for

location planning for urban distribution centers under uncertainty”, Mathematical and
ComputerModelling, Vol. 53 Nos 1/2, pp. 98-109.

Baušys, R. and Juodagalvien_e, B. (2017), “Garage location selection for residential house by WASPAS-
SVNSmethod”, Journal of Civil Engineering andManagement, Vol. 23 No. 3, pp. 421-429.

Birgün, S. and Güngör, C. (2014), “A multi-criteria call center site selection by hierarchy grey relational
analysis”, Journal of Aeronautics and Space Technologies, Vol. 7 No. 1, pp. 45-52.

Bouhana, A., Chabchoub, H., Abed, M. and Fekih, A. (2013), “Amulti-criteria decision-making approach
based on fuzzy theory and fuzzy preference relations for urban distribution centers location
selection under uncertain environments”, 2013 International Conference on Advanced Logistics
and Transport, pp. 556-561, doi: 10.1109/ICAdLT.2013.6568519.

Bozbura, F.T., Beskese, A. and Kahraman, C. (2007), “Prioritization of human capital measurement
indicators using fuzzy AHP”, Expert Systems with Applications, Vol. 32 No. 4, pp. 1100-1112.

Chang, D.Y. (1996), “Applications of the extent analysis method on fuzzy AHP”, European Journal of
Operational Research, Vol. 95 No. 3, pp. 649-655.

China Society of Automotive Engineers (2019), “China automotive smart shared mobility development
report 2019”, working paper, China Society of Automotive Engineers, December 2019.

Chou, S.Y., Chang, Y.H. and Shen, C.Y. (2008), “A fuzzy simple additive weighting system under group
decision-making for facility location selection with objective/subjective attributes”, European
Journal of Operational Research, Vol. 189 No. 1, pp. 132-145.

Choudhary, D. and Shankar, R. (2012), “A STEEP-fuzzy AHP-TOPSIS framework for evaluation and
selection of thermal power plant location: a case study from India”,Energy, Vol. 42 No. 1, pp. 510-521.

Chu, T.C. (2002), “Facility location selection using fuzzy TOPSIS under group decisions”, International
Journal of Uncertainty, Fuzziness and Knowledge-Based Systems, Vol. 10 No. 6, pp. 687-701.

Chuanglin, F. (2015), “Scientific selection and grading cultivation of china’s urban agglomeration adaptive
to new normal in China”,Bulletin of Chinese Academy of Sciences, Vol. 30 No. 2, pp. 127-136.

dos Santos, B.M., Godoy, L.P. and Campos, L.M. (2019), “Performance evaluation of green suppliers
using entropy-TOPSIS-F”, Journal of Cleaner Production, Vol. 207, pp. 498-509.

Dweiri, F., Khan, S.A. and Almulla, A. (2018), “A multi-criteria decision support system to rank
sustainable desalination plant location criteria”,Desalination, Vol. 444, pp. 26-34.

Echo Huang (2019), “A didi driver in China who murdered a female passenger last year was sentenced to
death”, Quartz News, 2 February, available at: https://qz.com/1539795/didi-chuxing-driver-who-
murdered-a-female-passenger-in-china-sentenced-to-death/,2019-02-01 (accessed 22August 2019).

Elevli, B. (2014), “Logistics freight center locations decision by using Fuzzy-PROMETHEE”,
TRANSPORT, Vol. 29 No. 4, pp. 412-418.

Guo, S. and Zhao, H. (2015), “Optimal site selection of electric vehicle charging station by using fuzzy
TOPSIS based on sustainability perspective”,Applied Energy, Vol. 158, pp. 390-402.

He, Y., Wang, X., Lin, Y., Zhou, F. and Zhou, L. (2017), “Sustainable decision making for joint
distribution center location choice”, Transportation Research Part D: Transport and
Environment, Vol. 55, pp. 202-216.

He, Y., Wang, X., Lin, Y. and Zhou, F. (2016), “Optimal partner combination for joint distribution alliance
using integrated fuzzy EW-AHP andTOPSIS for online shopping”, Sustainability, Vol. 8 No. 4, p. 341.

Hwang, C.L. and Yoon, K. (1981), Multiple Attribute Decision Making-Methods and Applications,
Springer-Verlag, Berlin, Heidelberg.

Jack, E.P., Bedics, T.A. and Mccary, C.E. (2006), “Operational challenges in the call center industry: a
case study and resource-based framework”,Managing Service Quality: An International Journal,
Vol. 16 No. 5, pp. 477-500.

Mobility
industry call

center location

197

http://dx.doi.org/10.1109/ICAdLT.2013.6568519
https://qz.com/1539795/didi-chuxing-driver-who-murdered-a-female-passenger-in-china-sentenced-to-death/,2019-02-01
https://qz.com/1539795/didi-chuxing-driver-who-murdered-a-female-passenger-in-china-sentenced-to-death/,2019-02-01


Jesse Pottinger (2019), “Didi fires 300,000 drivers after multiple murders last year”, That’s Mags, 3 July,
available at: www.thatsmags.com/shanghai/post/28574/didi-fires-300-000-drivers-over-safety-
concerns (accessed 12 August 2019).

Kuo, M.S. (2011), “Optimal location selection for an international distribution center by using a new
hybrid method”, Expert Systems with Applications, Vol. 38 No. 6, pp. 7208-7221.

Owen, S.H. and Daskin, M.S. (1998), “Strategic facility location: a review”, European Journal of
Operational Research, Vol. 111 No. 3, pp. 423-447.

Özkan, A.H. (2012), “Impacts of location on bank call center services: the case of Turkey”, South East
European Journal of Economics and Business, Vol. 7 No. 2, pp. 77-88.

Rao, C., Goh, M., Zhao, Y. and Zheng, J. (2015), “Location selection of city logistics centers under
sustainability”,Transportation Research Part D: Transport and Environment, Vol. 36, pp. 29-44.

Rosenhead, J., Elton, M. and Gupta, S.K. (1972), “Robustness and optimality as criteria for strategic
decisions”, Journal of the Operational Research Society, Vol. 23 No. 4, pp. 413-431.

San Crist�obal, J.R. (2011), “Multi-criteria decision-making in the selection of a renewable energy project
in Spain: the Vikor method”, Renewable Energy, Vol. 36 No. 2, pp. 498-502.

Saaty, T.L. and Kearns, K.P. (1985), “Analytical planning”,The Analytic Hierarchy Process.
Tsaur, S.H., Chang, T.Y. and Yen, C.H. (2002), “The evaluation of airline service quality by fuzzy

MCDM”,TourismManagement, Vol. 23 No. 2, pp. 107-115.
Tzeng, G.H. and Huang, J.J. (2011), Multiple Attribute Decision Making: Methods and Applications,

Chapman and Hall/CRC.

Uygun, Ö. and Dede, A. (2016), “Performance evaluation of green supply chain management using
integrated fuzzy multi-criteria decision-making techniques”, Computers and Industrial
Engineering, Vol. 102, pp. 502-511.

Vafa-Arani, H., Jahani, S., Dashti, H., Heydari, J. and Moazen, S. (2014), “A system-dynamics modeling
for urban air pollution: a case study of Tehran, Iran”, Transportation Research Part D:
Transport and Environment, Vol. 31, pp. 21-36.

Yang, L., Jones, B.F. and Yang, S.H. (2007), “A fuzzy multi-objective programming for optimization of
fire station locations through genetic algorithms”, European Journal of Operational Research,
Vol. 181 No. 2, pp. 903-915.

Zhang, G. and Lu, J. (2003), “An integrated group decision-making method dealing with fuzzy
preferences for alternatives and individual judgments for selection criteria”, Group Decision and
Negotiation, Vol. 12 No. 6, pp. 501-515.

Corresponding author
Lei Dai can be contacted at: dailei1989@sjtu.edu.cn

SRT
3,2

198

http://www.thatsmags.com/shanghai/post/28574/didi-fires-300-000-drivers-over-safety-concerns
http://www.thatsmags.com/shanghai/post/28574/didi-fires-300-000-drivers-over-safety-concerns
mailto:dailei1989@sjtu.edu.cn


Appendix

Table A1.
All intended cities

City Tier Urban Agglomeration

Chengdu Second Chengdu-Chongqing Urban Agglomerations
Xi’an Second Guan Zhong Plain Urban Agglomerations
Jinan Second Shandong Peninsula Urban Agglomerations
Zhengzhou Second Central Plains Urban Agglomerations
Shangrao Third Triangle of Central China Urban Agglomerations
Hefei Second Yangtze River Delta Urban Agglomerations
Taizhou Third Yangtze River Delta Urban Agglomerations
Yangzhou Second Yangtze River Delta Urban Agglomerations
Ningbo Third Yangtze River Delta Urban Agglomerations
Wuxi Third Yangtze River Delta Urban Agglomerations
Wuhu Third Yangtze River Delta Urban Agglomerations
Tianjin Second Beijing-Tianjin-Hebei Urban Agglomerations
Xiamen Second Pearl River Delta Urban Agglomerations
Foshan Third Pearl River Delta Urban Agglomerations
Dongguan Third Pearl River Delta Urban Agglomerations
Wuhan Second Triangle of Central China Urban Agglomerations
Nanchang Third Triangle of Central China Urban Agglomerations
Changsha Second Triangle of Central China Urban Agglomerations
Chongqing Second Chengdu-Chongqing Urban Agglomerations
Luoyang Third Central Plains Urban Agglomerations
Harbin Second Harbin-Changchun megalopolis
Shijiazhuang Second Beijing-Tianjin-Hebei Urban Agglomerations
Shenyang Second South-central of Liao Urban Agglomerations
Anshan Third South-central of Liao Urban Agglomerations
Lanzhou Third Lanzhou–Xining Urban Agglomerations
Weifang Third Shandong Peninsula Urban Agglomerations
Guiyang Third Central of Qian Urban Agglomerations
Mianyang Third Chengdu-Chongqing Urban Agglomerations
Fuzhou Third Urban Agglomeration on the West Side of the Straits

Source: Chuanglin (2015)
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