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Abstract: According to the characteristics of the sustainable development of subway traffic, the 
establishment process of an evaluation index system is determined, and the evaluation method and 
basis are defined. The evaluation index system is established from the aspects of subway traffic 
sustainability, economic sustainability and urban coordination sustainability. The comprehensive 
evaluation method of the analytic hierarchy process (AHP) model is used to calculate the weights 
of comprehensive evaluation indexes at each level. Finally, the sustainable development model of 
Shijiazhuang subway traffic is evaluated. The results show that the proposed evaluation system 
and model reflect the degree of sustainable development of subway traffic and can be used for 
reference in the evaluation of regional subway traffic sustainable development. 
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1. Introduction 

Subway traffic is the derivative of urbanization, industrialization and transportation 
development to a certain stage and focuses on serving urban areas, mainly operating and 
underground traffic types. Most cities in the world with relatively high levels of motorization have 
relatively mature and complete subway transportation systems, and some developed cities account 
for more than half of the traffic volume of urban public transportation[1]. Public transportation plays 
an extremely important role in the process of urban economic and social operation[2]. However, 
subway traffic is also facing very large capital pressures, including the failure to recover 
investments, long-term losses, unsustainable development and other problems[3]. How to realize a 
balance between the income and expenditures of subway traffic construction and operation to 
ensure the sustainable development of subway traffic has become a problem that every major city 
must face[4]. Therefore, it is of great significance in both theory and practice to study the evaluation 
of the sustainable development of subway traffic. 

The traffic research on sustainable development mainly began in the 1990s[5]. "Transport for a 
Sustainable Society: the Case for Europe," written by John White in 1993, focused on aspects of the 
influence of urban traffic on the environment, the value of the environment and traffic policy in 
western European countries[6]. Gary Haq's "Towards Sustainable Transport Planning: A 
Comparison Between Britain and The Netherlands" in 1997 applied the concept of sustainable 
development to the practice of urban traffic planning and policy making, which made the 
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transportation system more efficient with respect to the economy and the environment[7]. In 1996, 
the World Bank published a report entitled "Sustainable Transport: Priorities for Policy Reform", 
which introduced the concept of "sustainable urban transport" and elaborated on the basic contents 
of three aspects: sustainable development of economics and finance, environmental sustainability 
and social sustainability[8]. 

2. Comprehensive Evaluation Method for Sustainable Development of Subway Traffic  

According to the characteristics of the index system, this paper selects the analytic hierarchy 
process as the evaluation method for the sustainable development level of subway traffic. The 
analytic hierarchy process is an effective method to solve multiple objective decision-making 
problems[9]. Its core idea is to aggregate, refine and decompose the factors related to multiple 
objective decision making and then transform them into a clear decision-making evaluation model at 
logical layers, such as the target layer and criterion layer, and thus provide the basis for multiple 
objective decision making by qualitative information and quantitative methods[10]. The basic idea of 
the analytic hierarchy process (AHP) is to decompose the target of decision making or evaluation 
according to the target layer, criterion layer and index layer one by one, and at the same time, to 
determine the comparative importance of the lower elements to the upper elements one by one and 
to form the judgment matrix under the element layer[11]. Then, according to the judgment matrix, 
the weight of the lower elements to the upper elements is determined; next, the decision problem of 
the target layer is decomposed one by one to the specific index layers[12]. Finally, the whole 
decision-making evaluation process is finished by quantification from the bottom to the top layer. 
The steps of the analytical hierarchy process (AHP) are as follows: 

First, construct a hierarchical evaluation analysis model[13]. According to the decision-making 
or evaluation goal, combined with the actual problems, the various factors related to the goal are 
decomposed one by one from the top to the bottom into the target layer, the criterion layer, the index 
layer, and so on[14]. A model of hierarchical evaluation and analysis is formed, which is logical and 
reasonable. 

Second, construct a comparison matrix. According to the degree of importance of the 
hierarchical elements to the target layer[15], the 1-9 scale method proposed by Professor T. L. Saaty 
is adopted by means of expert scoring, the specific meanings of which are shown in Table 1[16]. 

 

Table 1. Scale method 

Ui vs. uj 
importance level 

Equally 
important 

Slightly 
important 

Obviously 
important 

Strongly 
important 

Absolutely 
important 

Between two 
adjacent levels 

Scale 1 3 5 7 9 2, 4, 6, 8 

 

Third, calculate the weights and perform a consistency check. According to the contrast matrix 
of the lower element to the upper element, by calculating the eigenvector of the maximum 
eigenvalue of the contrast matrix, the weight vector of the lower element to the upper element is 
formed[17]. By calculating the average value of each index to express the degree of importance of 
each index, using EXCEL to determine the relative weight of each index and to perform a 
consistency check for each index[18], and by judging the matrix consistency ratio by the CR value 
(CR= CI/RI) [19], among which 𝐶𝐼 = (𝜆௠௔௫ − 𝑛) (𝑛 − 1)⁄ [20], the RI values are obtained and shown in 
Table 2[21]. If CR < 0.1[22], the judgment matrix is considered to have good consistency. 
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Table 2. Consistency index 

Matrix order number 3 4 5 6 7 8 9 10 

RI 0.52 0.89 1.12 1.26 1.36 1.41 1.46 1.49 

 

Fourth, calculate the target score. By quantifying the lowest layer index and combining the 
weight vector of the lower layer element to the upper layer element[23], calculate the factor score 
layer by layer from bottom to top; finally, the score of the total target is obtained[24], and the 
evaluation process is finished.   
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3. The Basis for Comprehensive Evaluation of Sustainable Development of Subway Traffic  

According to the evaluation model and the grading standards of the evaluation index, a 
comprehensive evaluation for the sustainable development of urban subway traffic is carried out, 
and the comprehensive evaluation value is calculated by the following formula[25]: 

 

 𝐼 = ∑ 𝐴௜௡௜ୀଵ ∙ 𝑌௜       (1) 

 

In the formula, I is a comprehensive evaluation value, 𝐴௜ is the weight value of the i-th phase 
index, and  𝑌௜ is the score of the i-th index[26]. 

Based on this formula, the comprehensive evaluation value for the sustainable development of 
urban subway traffic can be calculated, and the degree of development of urban subway traffic can 
be divided into five levels[27]: very strong sustainable development, strong sustainable 
development, general sustainable development, weak sustainable development and unsustainable 
development[28]. Therefore, the basis for sustainable development evaluation is given[29]; see Table 
3: 

 

Table 3. Evaluation basis for sustainable development 

Comprehensive evaluation value 0≤I<60 60≤I<70 70≤I<80 80≤I<90 90≤I<100 

Degree of sustainable development None Weak General strong very strong 

 

4. Construction Process of an Evaluation Index System for Sustainable Development of Subway 
Traffic  

To make the theory of sustainable development of subway traffic concrete, according to the 
characteristics of the subway traffic system, it is necessary to describe the subway traffic system with 
different indexes from different aspects and then evaluate the sustainable development of subway 
traffic[30]. These different evaluation indexes constitute the evaluation index system for the 
sustainable development of subway traffic[31]. The process of establishing the evaluation index 
system for the sustainable development of subway traffic is shown in Fig. 1. 
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Fig. 1 Evaluation index system establishment process 

5. Construction of Evaluation Index System for Sustainable Development of Subway Traffic  

The evaluation system for the sustainable development of subway traffic adopts the tower 
structure with the commonly used layer number analysis method; the top layer is the evaluation 
target[32], that is, the evaluation of the sustainable development of urban subway traffic, the second 
layer contains some evaluation criteria, and the third layer is the index layer. 

 

5.1. First level index 

Starting from the interests of the government, users and developers in the main operation body 
of subway traffic development and combining these interests with the connotation and requirements 
for the sustainable development of subway traffic[33-34], the index for determining the criteria layer 
mainly includes the following three aspects. 

Traffic sustainability (uଵ). As one kind of urban traffic, urban subway traffic should meet the 
basic traffic demands of urban development and have certain social benefits[35]. For users, the 
residents should be provided with safe, comfortable and efficient transportation methods[36]; for 
operators, subway traffic should have a high passenger traffic capacity[37]; for the government, 
subway traffic should have reasonable coverage. 

Economic sustainability (uଶ). To realize the sustainable development of the economy of urban 
subway traffic[38], the investor government of the subway traffic project must realize the balance of 
revenues and expenditures between the construction and operation of subway traffic[39]. 

Urban coordination sustainability (uଷ). The fundamental goal of urban subway transportation 
as a means of transportation is to achieve sustainable urban development, so it is necessary to 
coordinate urban development[40], mainly including the coordination of the urban subway 
transportation and other modes of transportation, [41]coordination with surrounding land use and 
urban development, and coordination of landscapes and historical landscapes. 

In general, the evaluation of the ability to achieve the sustainable development of urban 
subway traffic mainly includes two aspects: one aspect is to pay attention to the development state, 
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which requires not only the equilibrium of the internal structure of the urban subway traffic at a 
specific stage of development but also the coordination of all features of urban subway traffic and 
urban development and the optimality of overall benefit; the second aspect is to pay attention to the 
dynamic development process through the rational use and allocation of traffic resources, to provide 
adequate basic support for subway traffic in each stage of the development, and to ensure the 
continuity and stability of the development process. 

 

5.2. Second level index 

For the refinement of the criteria layer, set a third layer of indicator layers that are more specific 
and easier to operate[42]. In the initial selection of the sustainable development of urban subway 
traffic evaluation index layer indicators, the traffic sustainability (uଵ) index layer can be selected as 
the average bus travel time savings, transfer and convergence, subway traffic volume accounting for 
a proportion of public transport total passenger traffic volume, site coverage rate, total length of the 
network, and the nonlinear coefficients of the line network, transfer and convergence. The index 
layer of economic sustainability (uଶ) is chosen as the annual operating income, land appreciation 
benefit rate, annual operating cost, improvement of labor productivity efficiency, coordination 
coefficient of subway transportation investment, input-output ratio and rate of return. The index 
layer of urban coordination sustainability (uଷ) is chosen as coordination with land use, coordination 
with urban planning and development, connectivity rate of main distribution points, coordination 
with the urban environment and historical landscape, promotion of urban district development, 
improvement of the urban environment quality and coordination with other transportation modes. 

6. Use AHP to determine index level indicators 

Using the AHP indicator screening method, the comparison matrix is constructed using the 1-9 
scale method. Seven indicators are selected under traffic sustainability, represented by uଵଵ, uଵଶ, uଵଷ, uଵସ, uଵହ, uଵ଺, uଵ଻, and the comparison matrix C matrix is as follows. 

 

C =
⎣⎢⎢
⎢⎢⎢
⎡1 1 11 1 11 1 1 000 222 2 12 12 12 2 20 0 00 0 0 100 212 2 10 01 01 1 1 1 2 2 1⎦⎥⎥

⎥⎥⎥
⎤
 

 

According to the calculation method of index weight in the AHP method, the importance 
ranking of indicators under the traffic sustainability criterion layer can be obtained. W =(uଵଵ, uଵଶ, uଵଷ, uଵସ, uଵହ, uଵ଺, uଵ଻), so the value of the index weight is W = (0.144, 0.144, 0.144, 0.456, 
0.021, 0.028, 0.159). 

According to the scale method, the order is as follows: the travel time is improved (uଵସ) > the 
transfer and convergence (uଵ଻) > the proportion of subway traffic volume to the total amount of 
public transportation, the station coverage rate, the total length of the line network (uଵଵ, uଵଶ, uଵଷ) > 
nonlinear coefficient of the line network (uଵ଺) > transfer and convergence (uଵହ). At the same time, 
considering that the total length of the line network varies with the size of the city, the economy, etc., 
the line network is subjective and can be more objectively described through site coverage, taking 
travel time savings, transfer and convergence, and subway traffic volume in public transport 
proportion, and site coverage rate as the lower level index of the traffic sustainability criteria layer. 
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In the same way, the order of importance of the lower-level indicators of the two levels of 
economic sustainability and urban coordination sustainability can be obtained[43]. According to the 
principle of establishing the index system, the following complete indicator models are obtained[44], 
as shown in Table 4. 

 

Table 4. Comprehensive evaluation index model for the sustainable development of subway traffic 

Target layer Criteria layer Index layer    

 

Evaluation of 
the 
sustainable 
development 
of subway 
traffic  

 

Traffic sustainability B1  

Travel time improvement C1 

Transfer and convergence C2 

Subway share rate C3 

Subway station coverage rate C4 

 

Economic sustainability B2 

Coordination coefficient of subway traffic 
investment C5 

Annual operating cost C6 

Annual operating income C7 

Added-value rate of surrounding land C8 

Urban coordination sustainability B3 Coordination with other transportation C9 

Coordination with land development C10 

Coordination with urban environment C11 

 

7. Determination of the Weight of the Comprehensive Evaluation Index in Each Layer   

 

7.1 The weight of each indicator in the indicator layer 

 

For the weight vector w୆ଵ of the four indicators of traffic sustainability, the solution process is 
as follows[45]: 

First, combined with the expert consultation method, and the scale method is used to establish a 
complementary fuzzy judgment matrix F[46]: 

F = (f୧୨)୫×୬ = ቎0.5 1.00.0 0.5 0.0 0.00.0 0.01.0 1.01.0 0.5 0.5 0.50.5 0.5቏ 

Reuse the conversion formula e୧୨ = ୰౟ౠ୰ౠ౟ and change R = (r୧୨)୫×୬ to obtain the inversion matrix E = (e୧୨)୫×୬[47]. 

E = (e୧୨)୫×୬ = ቎1.000 1.6790.591 1.000 0.488 0.6230.245 0.3442.119 4.3331.567 3.000 1.102 1.2790.767 1.000቏ 
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Using the sort vector w(଴) as the iterative initial value V଴ of the eigenvalue method, after 
successive iterations[48], ‖V୩ାଵ‖ஶ − ‖V୩‖ஶ < 0.001 [49]can be obtained. Then, the sort vector w(ଷ) 
at this time is the weight vector w୆ଵ, and the w୆ଵvalue is （0.174, 0.137, 0.329, 0.322）୘, that is, for 
the traffic sustainability of the four indicators using the improved analytic hierarchy process (AHP) 
to determine the weight[50]. 

In the same way, the weights w୆ଷ = （0.213, 0.213, 0.213, 0.318）୘ determined by the 
improved fuzzy analytic hierarchy process (FAHP) for the four indicators of economic sustainability 
can be obtained. The three indicators of urban coordination use the weight w୆ଷ =
（0.291 6. 0.445. 0.239）୘determined by the analytic hierarchy process (AHP). 

 

7 .2 Index weight in the criteria layer 

 

Using the same method as above, the weight of the criterion index system for the sustainable 
comprehensive evaluation of urban subway traffic is w୅ = (0.34, 0.34, 0.35)୘. Therefore, the weight 
coefficient of the comprehensive evaluation index system is the product of the corresponding criteria 
layer weight w୅ and the index layer weight (w୆ଵ, w୆ଶ, w୆ଷ). 

8. Evaluation of the sustainable development model for subway traffic in Shijiazhuang City  

According to the index of correlation in the evaluation index system of sustainable traffic 
development in Hebei Province[51], the evaluation of the sustainable development level of subway 
transportation in Shijiazhuang City is made. See Table 5. 

 

Table 5. Comprehensive evaluation index standards for sustainable development of subway traffic in 
large cities 

Score 0-60 60-70 70-80 80-90 90-100 

C1 <15 15-35 35-45 45-55 >55 

C2 >1.6 1.5-1.6 1.4-1.5 1.3-1.2 <1.2 

C3 <15 15-30 30-40 40-50 >50 

C4 <20 20-40 40-50 50-60 >60 

C5 >9 5-9 3-5 2-3 1-2 

C6 >60 30-60 30-60 20-30 <10 

C7 <10 10-20 20-25 25-30 >50 

C8 <10 10-20 20-25 25-30 >30 

C9 Poor Worse General 
Relatively 

good Good 

C10 Poor Worse General 
Relatively 

good Good 

C11 Poor Worse General 
Relatively 

good Good 
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Indicator status value and score: According to the evaluation criteria of the above single index 
and the statistical data for the present situation of subway traffic, the score of each single index is 
calculated, and the weight of each index is calculated. According to formula (1) , the comprehensive 
evaluation value of sustainable development for the present situation of the urban subway traffic 
system is calculated. The results are shown in Table 6. 

 

Table 6. Comprehensive evaluation index score 

Score Current status 
value 

Score Weight Weighted score 

C1 39.5 81.8 0.0629 5.1364 

C2 1.29 83 0.0461 3.7998 

C3 45 81 0.1176 9.7980 

C4 44.3 73.9 0.1034 7.7981 

C5 4.6 74.9 0.0747 5.4876 

C6 46 61 0.0729 4.9854 

C7 48 84 0.0747 6.5123 

C8 29 88 0.1077 9.4001 

C9 Relatively good 86 0.1084 9.4322 

C10 Relatively good 82 0.1473 11.9989 

C11 Relatively good 85 0.0843 6.9913 

Total 1 81.34 

 

According to the calculation, the comprehensive evaluation value of the sustainable 
development of subway traffic in Shijiazhuang City is 81.34. According to the criterion of the degree 
of sustainable development, the development level of subway traffic in Shijiazhuang City shows 
very strong sustainable development. From the viewpoint of the index score, the scoring rate of the 
operating cost index is lower than 70%, and the subway station coverage rate and the coordination 
coefficient of subway traffic investment are lower than 80%. From the evaluation results, in order to 
further promote the sustainable development of urban subway traffic, we should actively adopt new 
technology, innovate management modes, focus on controlling operating costs, and at the same time 
attach importance to strengthening the sustainable construction capacity of subway traffic and 
improving the service level and radiation capacity of subway traffic. 

9. Conclusions and Discussion  

According to the characteristics of the sustainable development of subway traffic evaluation, an 
evaluation index system flow is established, and the purpose of evaluation is clarified. The subway 
traffic sustainability, economic sustainability and urban coordination sustainability are evaluated. 

The evaluation index system model is established, and the comprehensive evaluation method 
of the AHP model is adopted to achieve the purpose of evaluating the sustainable development of 
subway traffic. 
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The results of a case analysis show that through this evaluation index system and model, the 
purpose of sustainable development evaluation of subway traffic can be achieved, and the degree of 
sustainable development of subway traffic among regions can be compared. 
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