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Abstract

:

Currently, the trade volume between China and the European Union is experiencing rapid growth. However, there are many bottlenecks in the operation of the China Railway Express, such as imbalance in inbound and outbound transported containers in the Sino–European direction and a low profit margin. More than fifty-three rail routes in China provide rail transportation to European cities and have small traffic volumes. However, such a dramatic situation affects transportation costs, which are three times higher compared with maritime transportation, causing uncertainty related to the demand of Chinese customers. This study analyzes the shortcomings of previous research studies related to multicriteria decision-making (MCDM) models applied in the field of logistics and transportation. The study proposes a novel approach to determine the optimal locations of the CR Express international logistics centers. The proposed approach involves the application of a MCDM model using the DEMATEL-MAIRCA method. This technique finds the closest solution to the ideal one by identifying the value of the best alternative in line with the observed criterion, and by measuring the distances of other alternatives according to the observed criterion of the ideal value. Finally, we show the similarity of the proposed methodology to other MCMD methods, which is one of the key topics of the Symmetry Journal, to prove the validity of the applied DEMATEL-MAIRCA method. Preliminary results show that in view of increased container turnover between China and the European Union, the determination of optimal locations for CR Express international logistics centers should be carried out dynamically.
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1. Introduction


Currently, the trade market between China and European countries in the framework of the “One Belt, One Road” initiative has been rapidly developing. According to experts’ forecasts, the number of containers will be increased by 800,000 TEU’s in 2020, which is five times more than in 2015.



The main actor providing rail transportation between China and European countries is the China Railway express (CR Express). Despite efforts from governments and enterprises in both China and the countries along the route, the number of blocked trains and containers has increased dramatically in the last six years. By the end of March 2019, the total number of operations on the CR Express had exceeded 7600 round trips, and the number of domestic routes in China had reached 61 across 43 cities, which are the current international logistics centers. The CR Express operates in 41 cities across 13 countries in Europe [1].



Undoubtedly, the CR Express has been developing rapidly in recent years. However, the high rail transportation costs between China and the European Union have a negative impact on the demand for this transportation method. By the end of 2017, the average price had dropped from 9000 $/TEU to 6000 $/TEU on average, which is still much higher than maritime transportation. Furthermore, the volume of the goods that European countries deliver to China by railway is comparatively small. In 2017, the number of trains from Europe to China was 67% of the number from China to Europe, meaning that operators cannot make full use of the containers, and the profit of whole transportation process is limited [1]. Therefore, most of the companies that run the CR Express are suffering losses, depending on the subsidies from local governments, which leads to competition for subsidies between different provinces in China. Finally, to date, almost every Chinese city running the CR Express has chosen to set up their own route by themselves. This has caused a lack of holistic planning and route combinations, increasing the total expense of the CR Express operation.



To solve the problem of high transportation costs, it is imperative to optimize the railway service network, particularly the optimal location of international logistics centers. There are several reasons to select the optimal location of international logistics centers and minimize the number of rail routes by reducing the number of cities. Firstly, freight transportation flows could be aggregated and economies of scale could be achieved. Secondly, it could potentially increase the volume per single trip, which would allow Chinese companies to charge more when collaborating companies along the routes. Finally, it could reduce transportation costs, avoid inefficient routes, and improve operation efficiency. If the transportation cost can be cut down, fewer subsidies from the government will be needed for transportation companies, which will decrease the burden on the government and increase the motivation of market players.



To date, several studies have been conducted on the facility location problem (FLP), including case studies on the CR Express, which are mainly focused on the application of multicriteria decision-making methods (MCDM) [2,3] or a combination of MCDM methods and deterministic optimization models [4,5].



However, these studies have several limitations. Firstly, the authors consider a limited number of criteria affecting the selection of the optimal logistics center locations, since these facilities are complex. This means that those facilities consist of many elements, the parameters of which are affected by different external factors. Consequently, this causes inaccuracy in the results. Secondly, most of the applied MCDM methods used to solve facility location problems are unstable in alternative rankings, sensitive to inconsistent data, difficult to develop, and based on experts’ opinions.



The contribution of this paper can be summarized as follows. Firstly, this work reviews the existing and relevant literature for various MCDM methods with regard to transportation and logistics. Secondly, this work presents the hybrid multicriteria decision-making DEMATEL-MAIRCA model, which is used to select the optimal location of the CR Express international logistics centers (CILC). The decision-making trial and evaluation laboratory (DEMATEL) method is based on collective judgment and is used to identify the cause–effect relationships among selected strategic criteria in order to select precandidate cities for CILC. The multiatributive ideal-real comparative analysis (MAIRCA) method aims to compare the conceptual and experimental alternative ratings, and is able to estimate the alternatives and select precandidate cities for CILC. Additionally, a case study on CILC selection is presented. Lastly, the paper provides critical managerial insights for different decision makers, such as logistics managers and local government.



The remainder of this paper is structured as follows. Section two provides a review of the relevant literature. The third section introduces the description of the applied DEMATEL-MAIRCA methodology. The fourth section presents a case study on the selection of precandidate cities for CR Express international logistics centers. The fifth section provides a comparison between the proposed methodology and other modern MCDM techniques. Finally, this paper summarizes future development strategies for designing an optimal railway network for CR Express international logistics centers.




2. Literature Review


The methods employed in existing studies related to the facility location problem can be primarily grouped into two categories: quantitative mathematical methods and mathematical programming techniques. With respect to the facility location problem, the MCDM methods are often utilized for developing the ranking of potential locations based on expert opinions. Bridgman published the first paper on the MCDM method based on the weighted product model (WPM). This method relies on the comparison between alternatives through the multiplication of the ratio number (one for each criterion) [6]. Since then, the proposed technique has attracted the attention of many other researchers, which has improved the mentioned method. Fishburn proposed the weighted sum model (WSM) for solving the issues associated with the identical physical dimensions of studied variables. In other words, this method comprises the application of the “additive utility” assumption [7]. However, this method is not able to solve the problems related to various distinct types of criteria and variables [8]. Saaty presented an analytical hierarchy process (AHP), which relies on investigating priorities or weights of importance among the selected criteria and alternatives. However, the possible compensation between positive and negative scores for some criteria could cause information failure [9]. Furthermore, the implementation of the proposed method is inconvenient due to the technique’s complexity. Roy proposed the elimination and choice expressing reality (ELECTRE) method based on partial aggregation. This method attempts to rank alternatives with respect to a concordance and discordance index, which is calculated through obtaining data from a decision table [10]. However, this method involves an additional boundary value, and the rating of the alternative is determined based on the size of this boundary value, which does not contain the correct value [11].



Further studies have focused on improving the MCDM method. The improved ELECTRE III/IV method was implemented to select the optimal location of a logistics center in Poland [3]. This method uses binary outranking relationships. The dataset applied in this method consists a final set of alternatives, a family of criteria, and preferences offered by decision makers [12]. However, this method is time consuming, since it requires sophisticated application and probable incapability to identify a preferred solution [13].



The multicriteria optimization and compromise solution (VIKOR) technique was used to select the optimal location of a distribution center for security materials. This method uses inconsistent and incommensurable (attributes with different units) criteria. This means that a compromise solution can be achieved for conflict resolution while the decision-maker aims to find a solution that is the closest to the ideal one. Furthermore, the alternatives can be estimated in line with the established criteria [14]. Nevertheless, this method has numerous limitations, such as the need to correlate criteria, the uncertainty of the weights obtained using only objective and subjective methods, and the option of an alternative being close to the ideal point and nadir point at the same time [15].



Atanassov interval-valued intuitionistic fuzzy sets (AIVIFS) were applied to select the location of a production plant in Serbia [16]. This methodology is based on the values of its membership and nonmembership functions, which are represented as intervals instead of exact numbers [17]. However, this method uses max–min–max composition losses of information, because the composition neglects most values except for extreme ones [18].



The SWARA-WASPAS method was used to select the optimal location of a shopping mall in Iran [19]. The idea of a step-wise weight assessment ratio analysis (SWARA) involves the determination of relative importance through the inputs provided by experts [20]. The weighted aggregated sum product assessment (WASPAS) method is based on the combination of a weighted sum model (WSM) and weighted product model (WPM) [21]. Nevertheless, the WASPAS method has several drawbacks, such as the unbalanced increase in the value of the objective function as a result of linear WPM function. This is significant for the initial decision matrix, which contains the boundary values of the individual elements [22].



The combination of evaluation based on the distance from the average solution (EDAS) and weighted aggregated sum product assessment with normalization (WASPAS-N) methods was applied to select a teahouse location in China [23]. The EDAS method obtains the best alternative related to the distance from the average solution [24]. The WASPAS-N method aggregates the normalized values of the decision matrix by applying the weighting related to the criteria involving arithmetic and geometric means [25]. Nevertheless, the EDAS method cannot be applied in stochastic MCDM problems involving different distribution laws.



The fuzzy technique for order of preference by similarity to ideal solution (TOPSIS) was used to select the optimal locations of shopping malls in Turkey [26]. This method selects the alternatives that have the shortest distance from the positive ideal solution and the farthest distance from the negative ideal solution at the same time [27,28]. However, it requires numeric attribute values that monotonically increase or decrease and have comparable units that could potentially complicate the data collection [29].



The combination of the TOPSIS technique and multichoice goal programming (MCGP) was applied to select the optimal location of a logistics center for the airline industry [30]. The concept of the proposed combination lies in the implementation of the obtained criteria weights using TOPSIS into each goal of MCGP. The idea of the MCGP methodology is based on the application of multiple aspiration levels for their problems, where these levels are categorized as “more appropriate” or “less appropriate” [31]. However, if each objective’s aspiration level is represented by the continuous decision variable, which could range between lower and upper bounds, this approach does not provide the option for decision makers to control the bounds of the interval aspiration level [32].



The fuzzy data envelopment analysis (DEA) method was proposed to predict the results and efficiency of alternative control actions for train dispatchers to prevent potential disturbances on a railway line [33]. This nonparametric method analyzes the relative efficiency of decision-making units (DMUs) based on numerous inputs and outputs [34]. Nevertheless, this method is inadequate in ranking efficient DMUs with fuzzy numbers, and it is based on the self-evaluation of DMUs [35].



To overcome the shortcomings of the reviewed studies in the field of FLP and provide a case study, we propose the application of the DEMATEL–MAIRCA method. Since various diverse factors affecting the locations of logistics facilities mean the FLP is a multidisciplinary problem requiring a complex selection procedure, we propose the application of the MCDM method. This will make it possible to select the potential precandidate cities for the international logistics centers in China.




3. The Hybrid DEMATEL-MAIRCA Model and Case Study


The proposed DEMATEL–MAIRCA model was developed by Serbian researcher Dr. Dragan S. Pamucar [36]. The application of the MCDM model is a hybrid of two techniques. The fuzzy DEMATEL model collects knowledge to capture the causal relationships between strategic criteria [37,38]. The model is especially practical and useful for visualizing the structure of complicated causal relationships with matrices or digraphs [39,40]. In other words, this method would identify the causal relationship among the selected criteria. The multiattribute ideal–real comparative analysis (MAIRCA) compares both theoretical and empirical alternative ratings [41], evaluates the alternatives, and selects precandidate cities for allocating CILC. The phases of the DEMATEL-MAIRCA method are presented in Figure 1.



Pamucar proved that the proposed method provides lower instability in alternative rankings compared with traditional methods [36]. Moreover, the application of the MAIRCA model has several advantages. Firstly, this method has greater stability compared with other methods, such as TOPSIS or ELECTRE [36]. Firstly, this technique provides a different criteria normalization method. It has been proven that MCDM techniques apply a linear model of input data normalization that is more stable and ranks constantly in the sensitivity analysis. Secondly, the MAIRCA method is simpler from a mathematical perspective. It also provides solution stability and can be hybridized with other MCDM techniques [2]. In order to determine the causal relationship among the selected criteria, we propose the application of the fuzzy DEMATEL method.



Essentially, we aim to select precandidate Chinese cities, which should be evaluated and compared with each other based on the selected criteria. The alternatives are assigned as vectors. Each vector represents the value of the i-th alternative by the j-th criterion. Since the variable of the criteria affects the final ranking of alternatives, each criterion is presented as a weight ratio. This effect considers its relative value in estimating the alternatives. Since we need to establish the relationships among the criteria, the fuzzy DEMATEL method is applied. The algorithm of the fuzzy DEMATEL method is presented in Figure 2.



The first step was the collection of the expert scores and calculation of the average matrix Z. This step involved the evaluation of the impact level between selected criteria by participating experts. Each expert’s opinion is represented as a non-negative matrix. The impacts of the criteria on each other are expressed by linguistic expressions. In order to list the pairwise comparisons, linguistic expressions using triangular fuzzy numbers are applied. Finally, all experts’ opinions are aggregated into the average matrix Z.



Since we calculated the elements of the matrix Z, we could determine the elements of the normalized initial direct relation matrix D. The elements of the D matrix are determined by summing the elements of the average matrix Z by row. The next step revealed the finalization of matrix elements T by summing rows and columns. The separate summarization of both rows and columns in the sub-matrices T1, T2, and T3 is represented by the fuzzy numbers Di and Ri. Since we obtained the Di and Ri values, the criterion weights were calculated using the obtained fuzzy value of the weight coefficients. In order to facilitate the normalization of weight coefficients, the defuzzified value of the weight coefficients was applied prior to normalization.



To obtain the weights of the selected criteria, we applied the MAIRCA model. The purpose of the MAIRCA model is to evaluate the gap between ideal and empirical ratings. To identify the total gap for each alternative, we needed to sum the gaps in each criterion. Finally, the ranking of the alternatives could be obtained, where the best-ranked alternative contained the smallest gap value. The alternatives with the smallest total gap values were close to the ideal ratings. To solve a decision problem by applying the MAIRCA method after determining alternatives and related criteria, the following steps are validated. The algorithm of the MAIRCA method is presented in Figure 3.



The first step presents the formulation of the initial decision-making matrix X. This matrix analyzes the criteria values for each alternative. The criteria of matrix X could be quantitative or qualitative. The quantitative values of the criteria in the matrix X are determined by quantifying the real indicators among the selected criteria. The qualitative values of the criteria are obtained by choices made by the decision makers. If the study has a large number of experts, we propose to aggregate the opinions of the experts.



The second step estimates the preferences to select the alternatives. This selection is based on indifferent decision makers’ opinions. This means that there is no preference for selected alternatives. Moreover, the decision maker is indifferent in both selecting any specific alternative and in the process of the alternatives’ selection.



The third step reveals the computation of the theoretical ratings matrix Tp. The matrix Tp is represented as the multiplication of the total number of criteria and the total number of alternatives. The theoretical ratings matrix is calculated by multiplying preferences to select the alternatives and criterion weights. These decision-maker preferences are the same for all alternatives, since they are indifferent in the initial selection of the alternatives.



The calculation of the real ratings matrix Tr involves multiplying the elements of the theoretical ratings matrix Tp and the elements of the initial decision-making matrix X.



The fifth step involves calculating the total gap matrix G. The G matrix is calculated as the difference between the theoretical and real ratings. In other words, it is the gap between the theoretical ratings matrix Tp and the real ratings matrix Tr.



The sixth and seventh steps obtain the final values of criteria function Qi by alternative and the final alternative ranking methods. In order to obtain the values of criteria functions, we propose summing the gap with the alternatives. In other words, we should sum the elements of G matrix by column.




4. Case Study


To identify the criteria selected in affecting the CILC location [3,42] and presented in Table 1, we have provided interviews with international logistics companies, local government, and surveys with scholars in the field of logistics, supply chain management, and transportation.



The preliminary selection of the potential precandidate cities is based on conducted research presented in [4], such as cities in which the CR Express already operates, cities that have been selected for further development by Chinese national strategic policy, and capital cities of provinces. The selected potential precandidate cities are Guangzhou, Changchun, Changsha, Chengdu, Chongqing, Guiyang, Harbin, Hefei, Hohbot, Kunming, Lanzhou, Liuzhou, Nanchang, Ningbo, Qingdao, Shanghai, Shenyang, Shijiazhuang, Suzhou, Taiyuan, Tianjin, Urumqi, Wuhan, Xiamen, Xi’an, Yinchuan, and Zhengzhou.



The initial step of the DEMATEL method involves applying the triangular fuzzy scale presented in Table 2 to evaluate the impacts between criteria.



The compiled surveys created eight average matrices. The preferences of experts were collected into an average matrix Z. Then, we obtained Table A1. The elements of the initial direct relation matrix D are normalized by dividing each element of the matrix Z by the maximum element among the summed experts’ opinion.



In order to derive Table 3, the elements of matrix T illustrated in Table 2 are summed by rows and columns.



Table A2 demonstrates the aggregated values of matrix T by rows (Di), columns (Ri), and the obtained weights of each criterion (wi). Then, we estimated the alternatives in Table A4 and selected them by applying the MAIRCA method. In order to estimate the alternatives by using the qualitative criteria, we applied the linguistic fuzzy scale.



Table A4 presents the criteria, which is categorized in the following way. Max is related to profit-type criteria, where the highest values are favored. Min is associated with the cost-type criteria, characterized by the lowest values (which are also favored). Since we formulated the initial decision-making matrix in Table A5, the preferences of experts for the selected alternatives PAi are obtained by the formula PAi = 1/m = 1/27 = 0.037, where m is the total number of potential precandidate cities. Then, the elements of the theoretical ratings matrix (Tp) are calculated:


   t   p 42         =   P     A 4      ·      w   2     =     0.037    ·    0.060   =   0.00198   











As the theoretical ratings matrix (Tp) has been derived, we can calculate the real ratings matrix (Tr). The elements of the real ratings matrix presented in Table A6 are obtained by multiplication of the elements presented in the theoretical ratings matrix (Tp) and normalized elements of the initial decision-making matrix (X). For example, the position tr32, which is the element of the real ratings matrix, is obtained with the following formula:


   t   r 42         =   t    pij     ·    (     x  ij        −   x   i −     x i +       −   x   i −     )   =   0.00198    ·    (     5151.59   −   4209.28    9860.00    −   4209.28     )     =   0.00033   











The elements of the total gap matrix (G) presented in Table A7 are calculated as the difference (gap) between theoretical ratings (tpij) and real ratings (trij). The element of the total gap matrix at position g42 is determined with the following formula:


   g  42        =   t     p 42         −   t     r 42       =   0.00198   −   0.00033   =   0.00165   



(1)







The gap for the alternative A4 with the criterion U2 is g42 = 0.00165. Regarding criterion U2, the obtained ideal alternative is dependent on tpi2 = tri2 (i.e., gi2 = 0:00). In order to evaluate the unideal alternative with criterion U2, the condition is tri2 = 0 (i.e., gi2 = tpi2). Consequently, evaluating the alternative A4 with criterion U2, is not the ideal alternative (Ai+). Furthermore, alternative A4 is closer to the ideal alternative as compared to the unideal alternative, since the distance from the ideal alternative is g42 = 0:0084.



To obtain the values of criteria functions (Qi) using alternatives presented in Table 3, we summed the gaps (gij) with the alternatives. In other words, we summed the elements of matrix (G) by columns; the alternative should preferably have the lowest possible value of the total gap (in this case, alternative no. 27).



The presented methodology allows us to select the precandidate cities for the CR Express international logistics centers. One of the key features of the applied method is the ability to scale the model, since a large number of criteria with different units were applied. Moreover, this method is very useful for different stakeholders, such as logistics managers and local government, since it is capable of handling large-scale problems and can produce infinite alternatives. Finally, the calculation is simple and does not require complex computer programs.



The preliminary results presented in Table 3 illustrate that the number of cities and their order are both changed. Figure 4 demonstrates that three areas have less precandidate cities after the applied methodology. Next, we will investigate the reduced number of cities from different perspectives.



Firstly, from the infrastructure point of view, the reduced number of cities could potentially improve the throughput of the specific CR Express rail routes and access roads among the CILC. Moreover, as the optimized number of cities assumes increased traffic volumes, industrial enterprises should be located closer to CILC. In other words, we assume the rapid development of the industry.



Secondly, from the social and economic perspectives, the optimal number of cities could reduce the amount of the subsidies provided by the local government for development of the logistics infrastructure. This means that local authorities could forward the cash flow and use it to develop other sectors, such as healthcare and education. Furthermore, since the reduced number of cities implies increased traffic volumes, this could potentially increase the workforce and salaries of CILC workers.



Finally, in view of increasing environmental requirements in China, the optimized number of cities minimizes the volume of the solid waste produced by the CILC, the CO2 emission produced by trucks, servicing requirements for the CILC, as well as reduces noise pollution by reducing the amount of technological equipment in operation at the CILC. In addition, the number of lost containers could be reduced, since having a minimized number of cities reducers containers’ movements.




5. Comparison and Discussion


In the previous section, we showed the applicability of the DEMATEL-MAIRCA method for solving the facility location problem. However, in order to prove the validity of the proposed methodology, we will compare this method with other modern methodologies, such as multiobjective optimization on the basis of ratio analysis (MOORA), complex proportional assessment (COPRAS), and multiattribute border approximation area comparison (MABAC) methods.



The MABAC method was firstly formulated by Pamucar and Cirovic in 2015 [43]. This method computes the distance between each alternative and the bored approximation area (BAA) [44,45].



The COPRAS method was developed by Zavadskas, Kaklauskas, and Sarka in 1994. This method compares the alternatives and determines their priorities under the conflicting criteria by taking into account the criteria weights [46].



The MOORA method was firstly introduced by Brauers in 2004 [47]. This method involves multicriteria or multiattribute optimization and allows simultaneous optimization of two or more conflicting attributes (objectives) subject to certain constraints.



Based on computational experiments, we obtained the following alternative rankings and provided a correlation between the DEMATEL-MAIRCA method and other methods presented in Table 4. In order to compare the results obtained by the four different approaches (Table 4), we used Kendall’s tau correlation coefficient. Kendall’s tau correlation coefficient (KTC) of ranks is a valuable and significant indicator for investigating the relation between the obtained results from the applied four different approaches [24]. Moreover, the KTC is useful when a study contains ordinal variables or ranked variables, which is relevant in the present case. It also has been proven that KTC is more stable and more efficient than Spearman’s rank correlation (SCC) [48]. The KTC was applied in the present study to determine the statistical difference of importance among the obtained ranks. The correlation between the DEMATEL-MAIRCA method and other methodologies is presented in Table 4.



From the total calculated statistical coefficient of correlation (0.987), we conclude that the obtained ranks have a high correlation with each other. All the KTC values are greater than 0.90, which according to Ziemba [49] illustrates high correlation. In Table 4, all of the KTC values are considerably greater than 0.90, with an average value of 0.984. This means that there is a high correlation between the proposed DEMATEL-MAIRCA method and the other MCDM techniques. It can be concluded that the obtained ranking is acceptable and reliable. In other words, the provided comparison proves that the proposed methodology is adequate and valid.




6. Conclusions


This study presents the application of the hybrid DEMATEL-MAIRCA model to select the optimal locations of CILC. The DEMATEL method was applied to identify the weights of the criteria. The MAIRCA method was applied to evaluate the alternatives and select the locations of precandidate cities for CILC.



The main advantage of the applied methodology is its universality, since this method could be applied to other decision-making problems involving MCDM methods. Moreover, the applied technique could be applied in the case of a large number of alternatives and criteria. Furthermore, it clearly ranks the numerical values, allowing an easier understanding of results, and could be applied qualitative and quantitative types of criteria. Finally, the proposed method is robust; the DEMATEL-MAIRCA method is more stable in conditions of risk and uncertainty compared with other techniques. This means that the method is less sensitive to changes in the weights of selected criteria and related changes in alternative ranking.



The applied methodology is a practical tool for different stakeholders, such as logistics managers and local government. On the one hand, the ranking of the cities provides the possibility of finding optimal CILC locations and reduces rail transportation costs. On the other hand, it also affects the environmental aspects [50], since the number of potential precandidate cities is minimized. The case study shows the difference between the current CR Express railway network in China and the obtained optimal network. The obtained optimal CR Express railway network includes precandidate cities in areas where the freight transportation flows can be aggregated and economies of scale can be achieved. The provided comparison between the proposed methodology and other MCDM techniques shows a strong correlation, which demonstrates the validity of the DEMATEL-MAIRCA method.



Several limitations should be considered. Firstly, since the present study aggregates experts’ opinions, data triangulation should be provided to investigate the impacts of different criteria. Secondly, as there has been an imbalance in cargo flow between China and Europe, the criterion related to Chinese customers’ demand for the CR Express service should be considered. Finally, in order to provide a comprehensive study, the same proposed approach should be applied to select the optimal location of CILC in Europe.



Further development of the study should include the application of the selected precandidate cities for the design of an optimal railway network between China and Europe. In order to design the optimal railway network, we propose the development of a mixed-integer mathematical model that would be applied in the AnyLogistix software. This software is based on supply chain optimization. By using the proposed software and scenario approaches, and including stochastic variables such as demand and transportation time, an optimal CR Express railway network can be designed.
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Table A1. Average matrix (Z).






Table A1. Average matrix (Z).





	Zij
	U1
	U2
	U3
	U4
	U5
	U6
	U7
	U8
	U9
	U10
	U11
	U12
	U13
	U14
	U15
	U16
	U17





	U1
	(0.00, 0.00, 0.00)
	(0.20, 0.47, 0.80)
	(0.80, 0.80, 0.80)
	(0.40, 0.67, 0.80)
	(0.80.0.80.0.80)
	(0.20, 0.50, 0.80)
	(0.40, 0.60, 0.80)
	(0.20, 0.50, 0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.80, 0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.20, 0.20)



	U2
	(0.80, 0.86, 1.00)
	(0.00, 0.00, 0.00)
	(0.80, 0.80, 0.80)
	(0.20, 0.53, 0.80)
	(0.80.0.80.0.80)
	(0.20, 0.50, 0.80)
	(0.40, 0.60, 0.80)
	(0.40, 0.53, 0.80)
	(0.20, 0.50, 0.80)
	(0.80, 0.80, 0.80)
	(0.40, 0.60, 0.80)
	(0.40, 0.60, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.20, 0.20)



	U3
	(0.80, 0.80, 0.80)
	(0.60, 0.73, 0.80)
	(0.00, 0.00, 0.00)
	(0.20, 0.50, 0.80)
	(0.60, 0.70, 0.80)
	(0.20, 0.50, 0.80)
	(0.60, 0.70, 0.80)
	(0.60, 0.67, 0.80)
	(0.20, 0.50, 0.80)
	(0.80, 0.80, 0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.20, 0.20)



	U4
	(0.60, 0.80, 1.00)
	(0.60, 0.67, 0.80)
	(0.80, 0.80, 0.80)
	(0.00, 0.00, 0.00)
	(0.60, 0.70, 0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.90, 1.00)
	(0.80, 0.90, 1.00)
	(0.80, 0.80, 0.80)
	(0.80, 0.90, 1.00)
	(0.20, 0.50, 0.80)
	(0.80, 0.90, 1.00)
	(1.00, 1.00, 1.00)



	U5
	(0.80, 0.86, 1.00)
	(0.60, 0.67, 0.80)
	(0.80, 0.80, 0.80)
	(0.40, 0.60, 0.80)
	(0.00, 0.00, 0.00)
	(0.40, 0.60, 0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.90, 1.00)
	(0.80, 0.90, 1.00)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.80, 0.90, 1.00)
	(1.00, 1.00, 1.00)



	U6
	(0.60, 0.80, 1.00)
	(0.60, 0.67, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.80.0.80.0.80)
	(0.00, 0.00, 0.00)
	(0.20, 0.50, 0.80)
	(0.60, 0.67, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.90, 1.00)
	(0.80, 0.90, 1.00)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.80, 0.90, 1.00)
	(1.00, 1.00, 1.00)



	U7
	(0.60, 0.80, 1.00)
	(0.60, 0.60, 0.60)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.60, 0.70, 0.80)
	(0.20, 0.50, 0.80)
	(0.00, 0.00, 0.00)
	(0.60, 0.67, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.90, 1.00)
	(0.80, 0.90, 1.00)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.80, 0.90, 1.00)
	(1.00, 1.00, 1.00)



	U8
	(0.80, 0.93, 1.00)
	(0.60, 0.67, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.40, 0.60, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.00, 0.00, 0.00)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.90, 1.00)
	(0.80, 0.80, 0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.90, 1.00)
	(0.80, 0.90, 1.00)
	(0.80, 0.90, 1.00)
	(1.00, 1.00, 1.00)



	U9
	(0.80, 0.80, 0.80)
	(0.60, 0.67, 0.80)
	(0.80, 0.80, 0.80)
	(0.40, 0.60, 0.80)
	(0.40, 0.60, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.40, 0.73, 1.00)
	(0.00, 0.00, 0.00)
	(0.80, 0.80, 0.80)
	(0.80, 0.90, 1.00)
	(0.80, 0.90, 1.00)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.90, 1.00)
	(0.80, 0.90, 1.00)
	(1.00, 1.00, 1.00)



	U10
	(0.80, 0.80, 0.80)
	(0.60, 0.73, 0.80)
	(0.80, 0.80, 0.80)
	(0.80.0.80.0.80)
	(0.60, 0.70, 0.80)
	(0.60, 0.70, 0.80)
	(0.60, 0.70, 0.80)
	(0.40, 0.60, 0.80)
	(0.40, 0.60, 0.80)
	(0.00, 0.00, 0.00)
	(0.60, 0.70, 0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.90, 1.00)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.40, 0.40, 0.40)



	U11
	(0.60, 0.67, 0.80)
	(0.60, 0.60, 0.60)
	(0.40, 0.67, 0.80)
	(0.40, 0.60, 0.80)
	(0.40, 0.60, 0.80)
	(0.20, 0.50, 0.80)
	(0.40, 0.60, 0.80)
	(0.40, 0.53, 0.80)
	(0.40, 0.60, 0.80)
	(0.20, 0.50, 0.80)
	(0.00, 0.00, 0.00)
	(0.60, 0.70, 0.80)
	(0.60, 0.70, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.60, 0.70, 0.80)
	(0.60, 0.60, 0.60)



	U12
	(0.60, 0.73, 0.80)
	(0.60, 0.73, 0.80)
	(0.40, 0.67, 0.80)
	(0.80.0.80.0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.90, 1.00)
	(0.80, 0.80, 0.80)
	(0.40, 0.73, 1.00)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.90, 1.00)
	(0.00, 0.00, 0.00)
	(0.60, 0.70, 0.80)
	(0.80, 0.90, 1.00)
	(0.80, 0.90, 1.00)
	(0.80, 0.90, 1.00)
	(1.00, 1.00, 1.00)



	U13
	(0.60, 0.73, 0.80)
	(0.60, 0.73.1.00)
	(0.80, 0.80, 0.80)
	(0.80.0.80.0.80)
	(0.40, 0.60, 0.80)
	(0.60, 0.70, 0.80)
	(0.60, 0.70, 0.80)
	(0.40, 0.60, 0.80)
	(0.40, 0.60, 0.80)
	(0.80, 0.90, 1.00)
	(0.60, 0.70, 0.80)
	(0.60, 0.70, 0.80)
	(0.00, 0.00, 0.00)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.40, 0.60, 0.80)
	(0.40, 0.40, 0.40)



	U14
	(0.60, 0.60, 0.60)
	(0.60, 0.67, 0.80)
	(0.40, 0.67, 0.80)
	(0.20, 0.50, 0.80)
	(0.60, 0.70, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.47, 0.80)
	(0.20, 0.50, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.00, 0.00, 0.00)
	(0.20, 0.50, 0.80)
	(0.40, 0.60, 0.80)
	(0.20, 0.20, 0.20)



	U15
	(0.40, 0.60, 0.80)
	(0.20, 0.53, 1.00)
	(0.40, 0.67, 0.80)
	(0.20, 0.50, 0.80)
	(0.40, 0.60, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.47, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.60, 0.70, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.00, 0.00, 0.00)
	(0.20, 0.50, 0.80)
	(0.20, 0.20, 0.20)



	U16
	(0.00, 0.00, 0.00)
	(0.20, 0.47, 0.80)
	(0.80, 0.80, 0.80)
	(0.40, 0.67, 0.80)
	(0.80.0.80.0.80)
	(0.20, 0.50, 0.80)
	(0.40, 0.60, 0.80)
	(0.20, 0.50, 0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.80, 0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.80, 0.80)
	(0.80, 0.80, 0.80)
	(0.60, 0.70, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.20, 0.20)



	U17
	(0.80, 0.86, 1.00)
	(0.00, 0.00, 0.00)
	(0.80, 0.80, 0.80)
	(0.20, 0.53, 0.80)
	(0.80.0.80.0.80)
	(0.20, 0.50, 0.80)
	(0.40, 0.60, 0.80)
	(0.40, 0.53, 0.80)
	(0.20, 0.50, 0.80)
	(0.80, 0.80, 0.80)
	(0.40, 0.60, 0.80)
	(0.40, 0.60, 0.80)
	(0.80, 0.80, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.50, 0.80)
	(0.20, 0.20, 0.20)
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Table A2. Defuzzified total relation matrix (T).
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	Tij
	U1
	U2
	U3
	U4
	U5
	U6
	U7
	U8
	U9
	U10
	U11
	U12
	U13
	U14
	U15
	U16
	U17





	U1
	0.29
	0.28
	0.34
	0.28
	0.32
	0.26
	0.29
	0.27
	0.32
	0.34
	0.34
	0.35
	0.33
	0.32
	0.30
	0.31
	0.26



	U2
	0.34
	0.23
	0.32
	0.25
	0.30
	0.25
	0.27
	0.26
	0.28
	0.32
	0.32
	0.32
	0.32
	0.29
	0.27
	0.29
	0.24



	U3
	0.34
	0.29
	0.27
	0.26
	0.30
	0.26
	0.28
	0.28
	0.29
	0.33
	0.33
	0.34
	0.32
	0.30
	0.27
	0.30
	0.25



	U4
	0.42
	0.35
	0.40
	0.28
	0.37
	0.33
	0.35
	0.35
	0.38
	0.40
	0.42
	0.43
	0.40
	0.40
	0.34
	0.40
	0.37



	U5
	0.41
	0.34
	0.39
	0.32
	0.31
	0.32
	0.34
	0.34
	0.38
	0.40
	0.41
	0.42
	0.39
	0.38
	0.33
	0.39
	0.37



	U6
	0.40
	0.34
	0.38
	0.30
	0.36
	0.26
	0.32
	0.32
	0.37
	0.39
	0.40
	0.41
	0.38
	0.37
	0.33
	0.38
	0.36



	U7
	0.39
	0.33
	0.38
	0.30
	0.35
	0.30
	0.28
	0.32
	0.36
	0.38
	0.40
	0.41
	0.38
	0.37
	0.32
	0.38
	0.35



	U8
	0.41
	0.34
	0.38
	0.30
	0.34
	0.30
	0.32
	0.27
	0.37
	0.38
	0.40
	0.40
	0.37
	0.38
	0.35
	0.38
	0.35



	U9
	0.42
	0.35
	0.40
	0.32
	0.36
	0.33
	0.35
	0.34
	0.32
	0.40
	0.42
	0.43
	0.39
	0.39
	0.37
	0.40
	0.37



	U10
	0.36
	0.31
	0.35
	0.29
	0.32
	0.29
	0.30
	0.29
	0.32
	0.29
	0.35
	0.36
	0.35
	0.32
	0.29
	0.32
	0.28



	U11
	0.32
	0.27
	0.31
	0.26
	0.28
	0.25
	0.27
	0.26
	0.29
	0.30
	0.27
	0.33
	0.31
	0.29
	0.27
	0.31
	0.27



	U12
	0.42
	0.36
	0.39
	0.34
	0.37
	0.35
	0.36
	0.34
	0.39
	0.41
	0.43
	0.37
	0.39
	0.40
	0.37
	0.40
	0.38



	U13
	0.35
	0.31
	0.34
	0.29
	0.31
	0.28
	0.30
	0.29
	0.32
	0.36
	0.35
	0.36
	0.28
	0.31
	0.29
	0.32
	0.28



	U14
	0.29
	0.26
	0.28
	0.23
	0.27
	0.23
	0.24
	0.23
	0.26
	0.30
	0.28
	0.29
	0.27
	0.23
	0.24
	0.27
	0.22



	U15
	0.29
	0.25
	0.28
	0.23
	0.26
	0.23
	0.24
	0.23
	0.28
	0.27
	0.28
	0.30
	0.27
	0.26
	0.21
	0.27
	0.22



	U16
	0.37
	0.31
	0.34
	0.28
	0.32
	0.28
	0.29
	0.29
	0.34
	0.34
	0.37
	0.38
	0.34
	0.35
	0.33
	0.29
	0.33



	U17
	0.37
	0.30
	0.33
	0.28
	0.31
	0.28
	0.29
	0.29
	0.34
	0.34
	0.36
	0.38
	0.33
	0.35
	0.33
	0.35
	0.26
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Table A3. Criterion weights (wi).
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	Di
	Rj
	Di + Rj
	Di − Rj
	Wi
	wi





	5.21
	6.19
	11.39
	−0.98
	11.44
	0.061



	4.87
	5.22
	10.10
	−0.35
	10.10
	0.054



	5.01
	5.85
	10.86
	−0.83
	10.89
	0.058



	6.39
	4.81
	11.20
	1.58
	11.31
	0.060



	6.23
	5.44
	11.67
	0.79
	11.69
	0.062



	6.07
	4.79
	10.86
	1.29
	10.94
	0.058



	5.99
	5.08
	11.07
	0.92
	11.11
	0.059



	6.04
	4.96
	11.00
	1.07
	11.06
	0.059



	6.37
	5.61
	11.97
	0.76
	12.00
	0.064



	5.38
	5.96
	11.35
	−0.58
	11.36
	0.060



	4.86
	6.14
	11.00
	−1.28
	11.07
	0.059



	6.46
	6.28
	12.73
	0.18
	12.73
	0.067



	5.35
	5.83
	11.18
	−0.47
	11.19
	0.059



	4.38
	5.70
	10.08
	−1.31
	10.16
	0.054



	4.36
	5.22
	9.57
	−0.86
	9.61
	0.051



	5.55
	5.78
	11.33
	−0.23
	11.33
	0.060



	5.48
	5.18
	10.66
	0.30
	10.66
	0.057
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Table A4. Evaluation of locations for the development of CR Express international logistics centers.
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	Cities
	U1
	U2
	U3
	U4
	U5
	U6
	U7
	U8
	U9
	U10
	U11
	U12
	U13
	U14
	U15
	U16
	U17





	Tianjin
	1559.60
	5837.39
	17,280.87
	15,146.95
	53.24
	29.80
	45.25
	568.70
	1467.99
	4808.34
	0.035%
	1.00
	383.00
	4.00
	9.00
	92.48
	529.92



	Chongqing
	3101.79
	4665.65
	9555.51
	7148.75
	33.97
	15.86
	8.54
	375.18
	1821.98
	762.57
	0.032%
	1.00
	425.33
	7.00
	9.00
	17.05
	1153.00



	Shanghai
	2423.78
	9860.00
	19,565.22
	20,323.39
	75.75
	81.72
	121.64
	616.38
	2171.14
	7643.19
	0.212%
	1.00
	856.33
	4.00
	9.00
	4.68
	750.50



	Harbin
	955.00
	5151.59
	8315.51
	5942.79
	61.38
	1.49
	1.95
	341.77
	233.98
	792.71
	0.011%
	1.00
	462.00
	1.00
	4.00
	7.85
	87.12



	Changchun
	748.92
	4209.28
	13,214.49
	20,044.32
	56.56
	2.95
	17.46
	298.53
	438.50
	348.02
	0.034%
	1.00
	112.00
	6.00
	5.00
	8.48
	153.00



	Shenyang
	736.50
	5994.03
	10,997.83
	9366.67
	78.51
	6.25
	10.82
	523.02
	1714.87
	531.42
	0.043%
	1.00
	448.00
	7.00
	9.00
	5.59
	220.68



	Urumqi
	222.62
	5361.30
	12,656.38
	15,534.89
	85.75
	23.48
	6.49
	690.43
	640.67
	779.32
	0.042%
	1.00
	480.00
	7.00
	9.00
	10.01
	25.36



	Yinchuan
	188.59
	5157.39
	12,383.19
	15,571.62
	43.21
	9.82
	3.15
	425.91
	846.06
	1277.35
	0.025%
	1.00
	83.06
	8.00
	9.00
	3.86
	87.80



	Hohbot
	242.85
	6306.96
	13,509.57
	4099.86
	95.68
	3.34
	3.62
	192.86
	467.78
	2751.07
	0.057%
	1.00
	240.00
	6.00
	9.00
	31.36
	296.36



	Shijiazhuang
	973.29
	5154.06
	8102.46
	3737.41
	43.69
	6.43
	4.46
	313.28
	1285.37
	3036.21
	0.021%
	1.00
	104.98
	10.00
	9.00
	14.00
	235.67



	Taiyuan
	369.17
	4880.00
	12,732.75
	3384.91
	69.40
	22.46
	13.47
	347.97
	1479.07
	642.50
	0.021%
	0.00
	110.80
	8.00
	9.00
	41.19
	240.07



	Suzhou
	691.07
	9200.14
	23,534.49
	15,951.84
	120.52
	298.23
	149.33
	752.46
	1597.49
	4339.13
	0.058%
	1.00
	488.50
	7.00
	9.00
	3.03
	99.88



	Ningbo
	596.93
	8066.09
	17,964.49
	11,185.98
	98.28
	134.76
	73.46
	683.19
	1178.32
	6238.34
	0.050%
	1.00
	806.18
	2.00
	5.00
	23.13
	490.32



	Hefei
	742.76
	6012.17
	12,819.71
	5383.00
	58.08
	24.48
	16.86
	461.60
	1744.87
	1579.78
	0.029%
	1.00
	258.57
	9.00
	7.00
	0.83
	533.94



	Xiamen
	231.03
	7884.20
	17,316.96
	9672.37
	90.76
	204.10
	160.74
	775.48
	1376.20
	4406.69
	0.044%
	1.00
	1565.00
	5.00
	6.00
	10.32
	379.37



	Nanchang
	524.66
	5919.42
	14,110.58
	4983.10
	57.92
	11.83
	6.65
	354.54
	1982.84
	1417.68
	0.022%
	1.00
	218.50
	7.00
	10.00
	1.83
	168.19



	Qingdao
	803.28
	7364.78
	18,721.88
	6798.92
	81.93
	57.14
	38.77
	592.61
	1490.34
	1776.24
	0.094%
	1.00
	274.10
	6.00
	8.00
	55.64
	224.62
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Table A5. Theoretical ratings matrix (Tp).
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	Cities
	U1
	U2
	U3
	U4
	U5
	U6
	U7
	U8
	U9
	U10
	U11
	U12
	U13
	U14
	U15
	U16
	U17





	Tianjin
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Chongqing
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Shanghai
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Harbin
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Changchun
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Shenyang
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Urumqi
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Yinchuan
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Hohbot
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Shijiazhuang
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Taiyuan
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Suzhou
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Ningbo
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Hefei
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Xiamen
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Nanchang
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209



	Qingdao
	0.00225
	0.00198
	0.00214
	0.00222
	0.00230
	0.00215
	0.00218
	0.00217
	0.00236
	0.00223
	0.00217
	0.00250
	0.00220
	0.00200
	0.00189
	0.00223
	0.00209
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Table A6. Real ratings matrix (Tr).
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	Cities
	U1
	U2
	U3
	U4
	U5
	U6
	U7
	U8
	U9
	U10
	U11
	U12
	U13
	U14
	U15
	U16
	U17





	Tianjin
	0.0011
	0.0006
	0.0013
	0.0016
	0.0004
	0.0002
	0.0006
	0.0012
	0.0012
	0.0009
	0.0003
	0.0025
	0.0004
	0.0007
	0.0017
	0.0022
	0.0009



	Chongqing
	0.0022
	0.0002
	0.0002
	0.0006
	0.0000
	0.0001
	0.0001
	0.0006
	0.0016
	0.0021
	0.0002
	0.0025
	0.0005
	0.0013
	0.0017
	0.0004
	0.0020



	Shanghai
	0.0017
	0.0020
	0.0016
	0.0022
	0.0008
	0.0006
	0.0016
	0.0014
	0.0019
	0.0000
	0.0022
	0.0025
	0.0011
	0.0007
	0.0017
	0.0001
	0.0013



	Harbin
	0.0006
	0.0003
	0.0000
	0.0004
	0.0005
	0.0000
	0.0000
	0.0005
	0.0000
	0.0021
	0.0000
	0.0025
	0.0006
	0.0000
	0.0005
	0.0002
	0.0001



	Changchun
	0.0004
	0.0000
	0.0007
	0.0022
	0.0004
	0.0000
	0.0002
	0.0003
	0.0002
	0.0022
	0.0003
	0.0025
	0.0000
	0.0011
	0.0007
	0.0002
	0.0002



	Shenyang
	0.0004
	0.0006
	0.0004
	0.0009
	0.0009
	0.0000
	0.0001
	0.0011
	0.0014
	0.0022
	0.0004
	0.0025
	0.0005
	0.0013
	0.0017
	0.0001
	0.0003



	Urumqi
	0.0000
	0.0004
	0.0006
	0.0016
	0.0010
	0.0002
	0.0001
	0.0016
	0.0004
	0.0021
	0.0004
	0.0025
	0.0006
	0.0013
	0.0017
	0.0002
	0.0000



	Yinchuan
	0.0000
	0.0003
	0.0006
	0.0016
	0.0002
	0.0001
	0.0000
	0.0008
	0.0006
	0.0019
	0.0002
	0.0025
	0.0000
	0.0016
	0.0017
	0.0001
	0.0001



	Hohbot
	0.0000
	0.0007
	0.0007
	0.0002
	0.0012
	0.0000
	0.0000
	0.0000
	0.0002
	0.0015
	0.0005
	0.0025
	0.0002
	0.0011
	0.0017
	0.0007
	0.0005



	Shijiazhuang
	0.0006
	0.0003
	0.0000
	0.0002
	0.0002
	0.0000
	0.0000
	0.0004
	0.0010
	0.0014
	0.0001
	0.0025
	0.0000
	0.0020
	0.0017
	0.0003
	0.0004



	Taiyuan
	0.0001
	0.0002
	0.0006
	0.0001
	0.0007
	0.0002
	0.0002
	0.0005
	0.0012
	0.0021
	0.0001
	0.0000
	0.0000
	0.0016
	0.0017
	0.0010
	0.0004



	Suzhou
	0.0004
	0.0018
	0.0021
	0.0017
	0.0017
	0.0021
	0.0020
	0.0018
	0.0013
	0.0010
	0.0005
	0.0025
	0.0006
	0.0013
	0.0017
	0.0001
	0.0001



	Ningbo
	0.0003
	0.0014
	0.0014
	0.0011
	0.0013
	0.0010
	0.0010
	0.0016
	0.0009
	0.0004
	0.0004
	0.0025
	0.0011
	0.0002
	0.0007
	0.0005
	0.0008



	Hefei
	0.0004
	0.0006
	0.0007
	0.0004
	0.0005
	0.0002
	0.0002
	0.0009
	0.0015
	0.0019
	0.0002
	0.0025
	0.0003
	0.0018
	0.0012
	0.0000
	0.0009



	Xiamen
	0.0000
	0.0013
	0.0013
	0.0009
	0.0011
	0.0015
	0.0022
	0.0019
	0.0011
	0.0010
	0.0004
	0.0025
	0.0022
	0.0009
	0.0009
	0.0002
	0.0006



	Nanchang
	0.0003
	0.0006
	0.0008
	0.0003
	0.0005
	0.0001
	0.0001
	0.0005
	0.0017
	0.0019
	0.0001
	0.0025
	0.0002
	0.0013
	0.0019
	0.0000
	0.0002



	Qingdao
	0.0005
	0.0011
	0.0015
	0.0005
	0.0010
	0.0004
	0.0005
	0.0013
	0.0012
	0.0018
	0.0009
	0.0025
	0.0003
	0.0011
	0.0014
	0.0013
	0.0003



	Zhengzhou
	0.0005
	0.0005
	0.0009
	0.0004
	0.0008
	0.0003
	0.0003
	0.0008
	0.0016
	0.0020
	0.0006
	0.0025
	0.0001
	0.0011
	0.0014
	0.0007
	0.0003



	Wuhan
	0.0005
	0.0009
	0.0016
	0.0006
	0.0016
	0.0001
	0.0002
	0.0008
	0.0019
	0.0010
	0.0005
	0.0025
	0.0006
	0.0009
	0.0000
	0.0018
	0.0009



	Changsha
	0.0005
	0.0011
	0.0017
	0.0005
	0.0011
	0.0001
	0.0001
	0.0010
	0.0011
	0.0020
	0.0005
	0.0025
	0.0004
	0.0013
	0.0012
	0.0000
	0.0006



	Guangzhou
	0.0005
	0.0016
	0.0020
	0.0008
	0.0023
	0.0007
	0.0008
	0.0022
	0.0019
	0.0007
	0.0018
	0.0025
	0.0009
	0.0011
	0.0012
	0.0012
	0.0021



	Liuzhou
	0.0002
	0.0002
	0.0003
	0.0003
	0.0002
	0.0000
	0.0000
	0.0005
	0.0003
	0.0018
	0.0000
	0.0000
	0.0004
	0.0013
	0.0019
	0.0001
	0.0003



	Chengdu
	0.0011
	0.0007
	0.0008
	0.0003
	0.0005
	0.0002
	0.0002
	0.0009
	0.0020
	0.0017
	0.0006
	0.0025
	0.0001
	0.0013
	0.0009
	0.0002
	0.0005



	Guiyang
	0.0002
	0.0003
	0.0004
	0.0001
	0.0003
	0.0001
	0.0001
	0.0010
	0.0024
	0.0005
	0.0003
	0.0000
	0.0001
	0.0004
	0.0019
	0.0003
	0.0007



	Kunming
	0.0004
	0.0007
	0.0004
	0.0000
	0.0004
	0.0000
	0.0002
	0.0007
	0.0007
	0.0019
	0.0000
	0.0025
	0.0001
	0.0013
	0.0014
	0.0002
	0.0005



	Xi’an
	0.0006
	0.0005
	0.0006
	0.0001
	0.0008
	0.0015
	0.0020
	0.0010
	0.0013
	0.0020
	0.0004
	0.0025
	0.0001
	0.0013
	0.0007
	0.0002
	0.0007



	Lanzhou
	0.0001
	0.0003
	0.0003
	0.0000
	0.0005
	0.0000
	0.0000
	0.0008
	0.0009
	0.0021
	0.0001
	0.0025
	0.0001
	0.0007
	0.0017
	0.0002
	0.0002
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Table A7. Total gap matrix (G).
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	Cities
	X1
	X2
	X3
	X4
	X5
	X6
	X7
	X8
	X9
	X10
	X11
	X12
	X13
	X14
	X15
	X16
	X17





	Tianjin
	0.0012
	0.0014
	0.0009
	0.0006
	0.0019
	0.0019
	0.0016
	0.0009
	0.0011
	0.0014
	0.0019
	0.0000
	0.0018
	0.0013
	0.0002
	0.0000
	0.0012



	Chongqing
	0.0000
	0.0018
	0.0019
	0.0016
	0.0023
	0.0020
	0.0021
	0.0016
	0.0008
	0.0001
	0.0019
	0.0000
	0.0017
	0.0007
	0.0002
	0.0018
	0.0001



	Shanghai
	0.0005
	0.0000
	0.0006
	0.0000
	0.0015
	0.0016
	0.0005
	0.0008
	0.0005
	0.0022
	0.0000
	0.0000
	0.0011
	0.0013
	0.0002
	0.0021
	0.0008



	Harbin
	0.0017
	0.0017
	0.0021
	0.0018
	0.0018
	0.0021
	0.0022
	0.0017
	0.0024
	0.0001
	0.0021
	0.0000
	0.0016
	0.0020
	0.0014
	0.0021
	0.0020



	Changchun
	0.0018
	0.0020
	0.0014
	0.0000
	0.0018
	0.0021
	0.0020
	0.0018
	0.0022
	0.0000
	0.0019
	0.0000
	0.0022
	0.0009
	0.0012
	0.0020
	0.0019



	Shenyang
	0.0018
	0.0014
	0.0017
	0.0014
	0.0014
	0.0021
	0.0021
	0.0011
	0.0009
	0.0001
	0.0018
	0.0000
	0.0017
	0.0007
	0.0002
	0.0021
	0.0018



	Urumqi
	0.0022
	0.0016
	0.0015
	0.0006
	0.0013
	0.0020
	0.0021
	0.0005
	0.0020
	0.0001
	0.0018
	0.0000
	0.0016
	0.0007
	0.0002
	0.0020
	0.0021



	Yinchuan
	0.0022
	0.0017
	0.0015
	0.0006
	0.0021
	0.0021
	0.0022
	0.0014
	0.0018
	0.0003
	0.0020
	0.0000
	0.0022
	0.0004
	0.0002
	0.0022
	0.0020



	Hohbot
	0.0022
	0.0012
	0.0014
	0.0020
	0.0011
	0.0021
	0.0022
	0.0022
	0.0021
	0.0007
	0.0017
	0.0000
	0.0020
	0.0009
	0.0002
	0.0015
	0.0016



	Shijiazhuang
	0.0016
	0.0017
	0.0021
	0.0021
	0.0021
	0.0021
	0.0021
	0.0018
	0.0013
	0.0008
	0.0020
	0.0000
	0.0022
	0.0000
	0.0002
	0.0019
	0.0017



	Taiyuan
	0.0021
	0.0017
	0.0015
	0.0021
	0.0016
	0.0020
	0.0020
	0.0017
	0.0011
	0.0001
	0.0020
	0.0025
	0.0022
	0.0004
	0.0002
	0.0012
	0.0017



	Suzhou
	0.0019
	0.0002
	0.0000
	0.0005
	0.0006
	0.0000
	0.0002
	0.0003
	0.0010
	0.0012
	0.0016
	0.0000
	0.0016
	0.0007
	0.0002
	0.0022
	0.0020



	Ningbo
	0.0019
	0.0006
	0.0008
	0.0011
	0.0010
	0.0012
	0.0012
	0.0006
	0.0014
	0.0018
	0.0017
	0.0000
	0.0011
	0.0018
	0.0012
	0.0017
	0.0013



	Hefei
	0.0018
	0.0014
	0.0015
	0.0019
	0.0018
	0.0020
	0.0020
	0.0013
	0.0009
	0.0004
	0.0020
	0.0000
	0.0019
	0.0002
	0.0007
	0.0022
	0.0012



	Xiamen
	0.0022
	0.0007
	0.0009
	0.0013
	0.0012
	0.0007
	0.0000
	0.0003
	0.0012
	0.0012
	0.0018
	0.0000
	0.0000
	0.0011
	0.0009
	0.0020
	0.0015



	Nanchang
	0.0020
	0.0014
	0.0013
	0.0019
	0.0018
	0.0021
	0.0021
	0.0016
	0.0006
	0.0003
	0.0020
	0.0000
	0.0020
	0.0007
	0.0000
	0.0022
	0.0018



	Qingdao
	0.0018
	0.0009
	0.0007
	0.0017
	0.0013
	0.0017
	0.0017
	0.0009
	0.0011
	0.0004
	0.0013
	0.0000
	0.0019
	0.0009
	0.0005
	0.0009
	0.0017



	Zhengzhou
	0.0017
	0.0015
	0.0012
	0.0018
	0.0015
	0.0018
	0.0018
	0.0014
	0.0007
	0.0002
	0.0016
	0.0000
	0.0021
	0.0009
	0.0005
	0.0015
	0.0018



	Wuhan
	0.0017
	0.0011
	0.0005
	0.0016
	0.0007
	0.0020
	0.0020
	0.0014
	0.0005
	0.0012
	0.0016
	0.0000
	0.0016
	0.0011
	0.0019
	0.0004
	0.0012



	Changsha
	0.0018
	0.0009
	0.0005
	0.0017
	0.0012
	0.0021
	0.0021
	0.0012
	0.0012
	0.0003
	0.0017
	0.0000
	0.0018
	0.0007
	0.0007
	0.0022
	0.0015



	Guangzhou
	0.0017
	0.0004
	0.0002
	0.0014
	0.0000
	0.0015
	0.0013
	0.0000
	0.0005
	0.0016
	0.0003
	0.0000
	0.0013
	0.0009
	0.0007
	0.0010
	0.0000



	Liuzhou
	0.0021
	0.0018
	0.0019
	0.0019
	0.0021
	0.0021
	0.0021
	0.0016
	0.0020
	0.0004
	0.0022
	0.0025
	0.0018
	0.0007
	0.0000
	0.0021
	0.0018



	Chengdu
	0.0011
	0.0013
	0.0014
	0.0020
	0.0018
	0.0020
	0.0019
	0.0012
	0.0003
	0.0005
	0.0016
	0.0000
	0.0021
	0.0007
	0.0009
	0.0020
	0.0016



	Guiyang
	0.0021
	0.0017
	0.0017
	0.0021
	0.0020
	0.0021
	0.0021
	0.0012
	0.0000
	0.0017
	0.0019
	0.0025
	0.0021
	0.0016
	0.0000
	0.0019
	0.0014



	Kunming
	0.0019
	0.0013
	0.0017
	0.0022
	0.0019
	0.0021
	0.0020
	0.0015
	0.0017
	0.0004
	0.0021
	0.0000
	0.0021
	0.0007
	0.0005
	0.0020
	0.0016



	Xi’an
	0.0017
	0.0015
	0.0015
	0.0022
	0.0015
	0.0006
	0.0002
	0.0011
	0.0010
	0.0002
	0.0018
	0.0000
	0.0021
	0.0007
	0.0012
	0.0020
	0.0014



	Lanzhou
	0.0021
	0.0017
	0.0018
	0.0022
	0.0018
	0.0021
	0.0022
	0.0014
	0.0015
	0.0001
	0.0021
	0.0000
	0.0021
	0.0013
	0.0002
	0.0020
	0.0019
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Figure 1. The phases of the hybrid DEMATEL-MAIRCA model. 
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Figure 2. The algorithm of the fuzzy DEMATEL method. 






Figure 2. The algorithm of the fuzzy DEMATEL method.



[image: Symmetry 12 00143 g002]







[image: Symmetry 12 00143 g003 550] 





Figure 3. The algorithm of the MAIRCA method. 
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Figure 4. The location of precandidate cities for the CR Express international logistics centers. 
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Table 1. Criteria used to select precandidate cities in order to allocate China Railway Express (CR Express) international logistics centers.
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Notation

	
Criteria

	
Description

	
Unit






	
Social and economic indicators




	
U1

	
Population size

	
Average population in a city

	
mln




	
U2

	
Per capita income

	
Total annual

	
$/person




	
U3

	
Gross regional product

	
Gross regional product per capita




	
U4

	
Industrial production volume

	
Industrial output per capita (manufacturing)




	
U5

	
Trade volume

	
Retail trade volume per capita




	
U6

	
The volume of export products

	
Per capita export volume from the region to abroad




	
U7

	
The volume of import products

	
Per capita export volume from the region to abroad




	
U8

	
Volume of transport services

	
Volume of transport services per capita




	
Infrastructure and geographical indicators




	
U9

	
Transportation infrastructure availability

	
Density of transport (road and rail) infrastructure of the

i-th province

	
km/1000 km2




	
U10

	
Investment cost

	
Unit cost of 1 m2: land price, territorial planning, construction materials, technical equipment, and labor costs

	
$/m2




	
U11

	
Competitiveness level of transportation and logistics

	
Percentage share of logistics service providers (transportation, forwarding, and warehousing companies) operating in the province

	
%




	
U12

	
Availability of transport corridor

	
Location of the i-th province on the main direction of the transport corridor (1 point for each) and on the branch of the transport corridor (0.5 points, quantitative evaluation)

	
score




	
U13

	
Investment attractiveness

	
Total area of all special economic zones (SEZ) in the province

	
km2




	
U14

	
Environmental factor

	
Level of noise, level of environmental pollution, and the total area of protected territories

	
score




	
U15

	
Safety and security

	
Number of traffic accidents (fatal, injuries), number of industrial accidents per 1000 employees, number of crimes and offences (thefts, robberies, vandalism)

	
score




	
Transportation work indicators




	
U16

	
Cargo volume transported by rail transport

	
Cargo volume transported by rail

	
mln t




	
U17

	
Cargo volume transported by road transport

	
Total number of shipments accepted for transportation in the region

	
mln t
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Table 2. Triangular fuzzy scale used to estimate the impacts between criteria.
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	No.
	Linguistic Term
	Triangular Fuzzy Numbers





	1
	Very high influence
	(4.50, 5.00, 5.00)



	2
	High influence
	(2.50, 3.50, 4.50)



	3
	Low influence
	(1.50, 2.50, 3.00)



	4
	Very low influence
	(0.00, 1.50, 2.50)



	5
	No influence
	(0.00, 0.00, 1.50)
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Table 3. The ranking of alternatives using the MAIRCA method.
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	Alternatives
	G
	Ranking





	Guangzhou
	0.01281
	1



	Shanghai
	0.01369
	2



	Suzhou
	0.01422
	3



	Xiamen
	0.01699
	4



	Qingdao
	0.01935
	5



	Tianjin
	0.01942
	6



	Ningbo
	0.02044
	7



	Wuhan
	0.02047
	8



	Xi’an
	0.02070
	9



	Chongqing
	0.02081
	10



	Changsha
	0.02150
	11



	Zhengzhou
	0.02204
	12



	Shenyang
	0.02214
	13



	Urumqi
	0.02232
	14



	Chengdu
	0.02255
	15



	Hefei
	0.02308
	16



	Nanchang
	0.02394
	17



	Yinchuan
	0.02485
	18



	Hohbot
	0.02510
	19



	Changchun
	0.02522
	20



	Kunming
	0.02566
	21



	Shijiazhuang
	0.02585
	22



	Taiyuan
	0.02630
	23



	Lanzhou
	0.02653
	24



	Guiyang
	0.02819
	25



	Harbin
	0.02868
	26



	Liuzhou
	0.02923
	27
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Table 4. The correlation between the DEMATEL-MAIRCA method and other methodologies. Note: KTC = Kendall’s tau correlation coefficient; MOORA = multiobjective optimization on the basis of ratio analysis; MABAC = multiattribute border approximation area comparison; COPRAS = complex proportional assessment.
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	Alternatives
	MAIRCA
	MABAC
	COPRAS
	MOORA





	A1 (Tianjin)
	6
	5
	10
	8



	A2 (Chongqing)
	10
	10
	18
	15



	A3 (Shanghai)
	2
	2
	2
	2



	A4 (Harbin)
	26
	26
	20
	26



	A5 (Changchun)
	20
	19
	17
	19



	A6 (Shenyang)
	13
	13
	15
	16



	A7 (Urumqi)
	14
	15
	3
	14



	A8 (Yinchuan)
	18
	18
	14
	22



	A9 (Hohbot)
	19
	20
	16
	13



	A10 (Shijiazhuang)
	22
	22
	23
	21



	A11 (Taiyuan)
	23
	24
	25
	23



	A12 (Suzhou)
	3
	3
	4
	3



	A13 (Ningbo)
	7
	7
	7
	6



	A14 (Hefei)
	16
	16
	21
	17



	A15 (Xiamen)
	4
	4
	6
	4



	A16 (Nanchang)
	17
	17
	19
	20



	A17 (Qingdao)
	5
	6
	5
	5



	A18 (Zhengzhou)
	12
	12
	9
	11



	A19 (Wuhan)
	8
	8
	8
	7



	A20 (Changsha)
	11
	11
	13
	12



	A21 (Guangzhou)
	1
	1
	1
	1



	A22 (Liuzhou)
	27
	27
	27
	27



	A23 (Chengdu)
	15
	14
	11
	10



	A24 (Guiyang)
	25
	25
	22
	18



	A25 (Kunming)
	21
	21
	26
	24



	A26 (Xi’an)
	9
	9
	12
	9



	A27 (Lanzhou)
	24
	23
	24
	25



	KTC
	1.000
	1.000
	0.979
	0.960











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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