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Abstract: The development of the regional economy cannot be separated from the support of regional
logistics, as the scientific decisions of regional logistics are helpful to promote the healthy development
of the regional economy. The comprehensive evaluation of regional logistics competitiveness is the
premise and foundation of regional logistics scientific decision-making; the evaluation index system,
evaluation data, and index weight are the key links affecting a comprehensive evaluation. In order to
improve the quality of a comprehensive evaluation, the study aims at addressing problems such as
the evaluation index system of regional logistics competitiveness being complex and scattered, the
normalized distribution of the evaluation data being extremely asymmetric and seriously deviating
from the normal distribution, and the logic of calculating index weights by the analytic hierarchy
process (AHP) not being accurate. To do this, a triangle model of regional logistics competitiveness is
constructed based on Porter’s diamond model, and the evaluation index system of regional logistics
competitiveness is refined from the three dimensions of resource supply, logistics service, and market
demand. Based on the concept of symmetry theory, a normalization method of segmental mapping
with quartiles as multiple reference points is proposed, which improves the distribution rationality,
symmetry, and distance discrimination of normalized data. The dynamic index scale is used to
determine the scale of the analytic hierarchy process, and the evaluation matrix is constructed based on
the importance level grading table; the index weights are directly solved without a consistency check,
which improves the logical accuracy of a subjective evaluation. Based on the data of segment mapping,
the comprehensive evaluation value of the evaluation object is calculated, and the competitiveness
of regional logistics is compared and ranked, which improves the differentiation and consistency
of the results. Through the comparative analysis of the calculation results, it was proven that the
improvement of the data standardization method is necessary when the range is too large. The method
in this paper can make the distribution of data standardization with a range too large closer to the
normal distribution. It was found that the ranking of regional logistics competitiveness is highly
consistent with the total social logistics, and that the total amount of regional logistics has an important
reference value for the competitiveness of regional logistics. The ranking calculated by the indicators
and methods in this paper has a certain reference value for regional logistics decision-making.

Keywords: symmetry theory; multiple reference points; analytic hierarchy process; regional logistics
competitiveness; multi-criteria decision-making; comprehensive evaluation
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1. Introduction

With the continuous development of the social economy, the economic gap between different
regions is increasing, and the imbalance of regional economic development is becoming more and more
prominent. China is a typical developing country with unbalanced regional economic development;
the regional economic gap between the provinces is large, which restricts the overall development
of China’s economy. With the development of the global economy, logistics has become more and
more important [1]. The development level of the logistics industry has become an important
indicator of the quality of the regional investment environment and an accelerator of regional economic
development [2]. Regional logistics provides support and guarantee for the development of the regional
economy, and the development of regional logistics has become a key link to improve the regional
investment environment and industrial development environment, as well as to enhance regional
competitiveness [3]. The unbalanced development of regional logistics will have a negative impact on
the development of the national logistics industry; therefore, it is necessary to compare the logistics
competitiveness of each region, as it is conducive to governments at all levels to take corresponding
policies and measures to promote the harmonious, rapid, and healthy development of the national
logistics industry [4]. The scientific decision-making of government departments is inseparable
from a comprehensive evaluation; the comprehensive evaluation method is widely applicable to a
comprehensive evaluation of the economic development level, a comprehensive competitiveness
evaluation, a comprehensive risk evaluation, and a comprehensive efficiency evaluation. Moreover,
the comprehensive evaluation of regional logistics competitiveness is an important pre-requisite for
accurately positioning regional logistics, scientifically formulating logistics strategies, and promulgating
related policies and measures. The performance evaluation is an important part of the logistics service
supply chain, which can improve the competitiveness of the whole supply chain [1]. Many domestic
and foreign experts have used different methods to evaluate and analyze the logistics competitiveness of
different regions, and the evaluation results provide a valuable reference for scientific decision-making.
Based on the analytic hierarchy process and fuzzy decision-making principles, J. Shao et al. (2009) [2]
comprehensively analyzed and evaluated the development trend of regional logistics in China. Wang, S.
(2015) [5] studied the core competitiveness of logistics cluster from two levels of supply chain integration
and value chain extension; Wang proposed a measurement, analysis, extension and integration (MAEI)
model based on value chain integration and extension, and evaluated the level of agglomeration
and association of a logistics cluster. Li Yumin et al. (2015) [6] constructed the regional logistics
low-carbon competitiveness index system from the three aspects of low-carbon logistics competitive
environment, low-carbon logistics service ability, and low-carbon logistics development level; they
also measured the logistics low-carbon competitiveness of the evaluation object in the region by the
projection pursuit method and analyzed the development of low-carbon logistics in various cities
by using the diamond model. Tae Won Chung (2016) [7] established the evaluation index system of
logistics cluster competitiveness based on Porter’s diamond model and calculated the index weight
by the analytic hierarchy process (AHP). Chung also evaluated and analyzed the logistics cluster
competitiveness of Asian countries and regions such as Singapore, Japan, Hong Kong, China, Korea,
and Malaysia; the evaluation scores from high to low were 7.93 for Singapore, 7.38 for Japan, 7.04
for Hong Kong, 5.40 for China, 5.08 for South Korea, and 3.46 for Malaysia. Grondys K., dragolea
L.L. (2016) [8] evaluated the attraction of Polish logistics to domestic and foreign investors in the
national, international, and global environments. In addition to using statistical data, the paper
also used indicators such as logistics efficiency, the business process outsourcing index, the shared
service location index, and the global service location index. Gao, J. and Li, X.P. (2019) [9] regarded
the port logistics industry in the Yangtze River Delta as a logistics ecosystem and each port as an
ecological element of the logistics ecosystem. Based on the niche theory, the evaluation index system
of the port logistics development competitiveness of the Yangtze River Delta is established, and the
port logistics development competitiveness of the Yangtze River Delta is evaluated and empirically
analyzed. Fan, d.x. (2019) [10] analyzed the factors affecting the competitiveness of an international
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shipping center, constructed an evaluation index system of the competitiveness of an international
shipping center, and conducted empirical research on the competitiveness of four shipping centers
in Hong Kong, Shanghai, Singapore, and Shenzhen by using the entropy weight method and the
technique for order preference by similarity to an ideal solution (TOPSIS) method.

In general, scholars at home and abroad have done a lot of research on logistics competitiveness.
The research results are rich, but there are still some shortcomings, which are mainly manifested in
the following aspects. First, the selection of an evaluation index system is arbitrary; too many and
too small indicators lead to a complicated and scattered evaluation index system. The composition of
the index system of regional logistics competitiveness is inconsistent. When constructing the index
system of logistics competitiveness, most documents include absolute indexes (e.g., GDP, highway
mileage), growth rate indexes (e.g., GDP growth rate), per capita indexes (e.g., GDP per capita), and
density indicators (e.g., railway density, highway density) that affect the logistics industry in the index
system, but the index system is confusing, and the calculation results are not interpretable. Second,
there is information loss and evaluation imbalance caused by the improper processing of evaluation
data. The factor analysis method and the principal component analysis method are more commonly
used to evaluate logistics competitiveness; however, the factor analysis can only reflect the information
of some indexes, and the dimension reduction of the principal component analysis method will lead to
the loss of some data information. In addition, in the aspect of a comprehensive evaluation, when
the range of evaluation data under the indicators is very large, the comprehensive evaluation value
depends on whether there are some strong indexes, resulting in the halo effect of the calculation
results, which cannot fully reflect the comprehensive level of the evaluated object. Due to the wide
range of objective data of the logistics competitiveness index, the traditional standardization method
makes the normalized data deviate from the normal distribution very greatly, which makes most of
the normalized data under the index very close; the comprehensive evaluation standard has become
the dominant evaluation, which violates the comprehensive principle of a comprehensive evaluation.
Third, the determination of the index weight of some papers relies excessively on the difference between
the data, and the entropy method, gray relation, and the other objective weighting methods are often
used separately. The objective weighting methods only reflect the internal relationship of the data,
and they replace the weight of the index with the difference between the data, which has no direct
connection with the importance of the index, and ignore the meaning of the weight itself. Although
the subjective analysis method represented by AHP is widely used in multi-criteria decision-making
and evaluation, the consistency problem of the judgment matrix has been difficult to solve effectively.

In view of the above reasons, aiming at problems such as the evaluation index system of regional
logistics competitiveness being complex and scattered, the normalized distribution of evaluation data
being extremely asymmetric and seriously deviating from the normal distribution, and the logic of
calculating the index weights by AHP not being accurate, this paper constructs a triangle model
of regional logistics competitiveness based on Porter’s diamond model, and it selects closely the
related absolute types of indexes from the perspective of the supply chain to build a regional logistics
competitiveness evaluation index system. Based on the concept of symmetry theory, a normalization
method of segmented mapping with quartiles of various indexes as multi-reference points is proposed
by selecting appropriate reference points to standardize the data, thus making the standardized data
distribution more reasonable. The dynamic index scale is used to determine the scale of the analytic
hierarchy process, and the evaluation matrix is constructed based on the importance level grading table,
while the index weights are directly solved without a consistency check, which improves the logical
accuracy of the weight calculation of AHP. Then, the index weights are calculated based on an improved
analytic hierarchy process. Finally, the comprehensive evaluation value of the logistics competitiveness
of each province is weighted, and the evaluation values are sorted and compared. The magnitude
of logistics competitiveness can be used as a reference for regional logistics decision-making; this
will help provinces and cities recognize the current status of competitiveness in the logistics industry,
and this can provide decisions for adjusting the industrial structure, accelerating the construction of
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logistics infrastructure, and promoting the healthy development of the logistics industry. The method
of this paper can be used for multi-criteria decision-making and for a comprehensive evaluation in
other fields; the multiple reference points can improve the halo effect (i.e., the index takes a part for
the whole) when the index data range is too large, and the dynamic index can improve the analytical
quality of the AHP. The research method and framework of this paper are shown in Figure 1.
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Figure 1. The structure of the research content and method.

2. Literature Review

In the process of a comprehensive evaluation, a set of complete evaluation indexes must be
determined, and each evaluation index should be given a corresponding weight. Indexes and weights
are very important components of a comprehensive evaluation. Weight setting is the key technology
of a multi-index comprehensive evaluation, and the rationality and scientificity of the weights directly
determine the accuracy of the evaluation results.

2.1. Evaluation Index of Regional Logistics Competitiveness

Regional logistics competitiveness is a combination of multiple factors [2]. The establishment of a
relatively perfect evaluation index system is the pre-requisite for grasping the characteristics of regional
logistics industry, analyzing the industrial structure, and mastering the level and development trend
of industrial competitiveness [11]. Porter (1990) [12] constructed a diamond model to test industrial
competitiveness, pointing out that the competitiveness of a country or industry depends on factor
conditions (FC), demand conditions (DC), elated and supporting industries (RSD), and firm strategy,
structure, and rivalry (FSSR), as well as the interaction between these elements. Li Jianjun et al. (2008) [4]
improved Porter’s diamond model and constructed an evaluation model of China’s regional logistics
competitiveness from six aspects: the competitiveness of regional logistics enterprises, the factors of
regional logistics, the requirements of regional logistics, the regional informatization development
level, the regional government’s role, the regional economic development level, and the used factor
analysis method; these were used to evaluate the regional logistics competitiveness of 31 provinces in
2008. Xie Ruhe et al. (2008) [11] summarized the evaluation of logistics industry competitiveness into
six main indicators: the industrial development environment, industrial organization form and scale,
industrial development level, industrial market competitiveness, industrial socialization level, and the
overall competitiveness of regional logistics enterprises. C. Jiang and D. Chen (2009) [13] believed that
urban logistics infrastructure is an important aspect of urban competitiveness, and they established an
evaluation index system for urban logistics capabilities from the aspects of market supply and demand
capacity, economic development capacity, and the transportation development level. Gao Xiuli et al.
(2010) [3] constructed a regional logistics competitiveness evaluation model from the two dimensions
of regional logistics competitiveness and competitiveness potential. Bian Wenliang et al. (2010) [14]
constructed a model to describe the competitiveness of the national logistics industry, which consists
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of three countries, and each country includes three competitive aspects: the competition front-end,
the competition fundamentals, and the competition support. Zhao Ligin and Guo Yuexian (2011) [15]
divided the evaluation factors of urban logistics competitiveness into three categories: the infrastructure
layer, the relevant subject layer, and the service guarantee layer; the general indicators include eight
secondary indicators and 32 tertiary indicators. Xue Donggqian (2012) [16] believed that the evaluation
of logistics competitiveness of inland central cities should include the level of social and economic
development, the logistics demand of related and auxiliary industries, the status of urban logistics
infrastructure, the location conditions of the city, the complexity of spatial logistics network, the
development level of logistics information technology, etc.; they also established the evaluation index
system of seven criteria layers and 29 index layers. Tvaronavi Tchien € M., razminien € K (2017) [17]
classified cluster performance indicators into three categories—resource, activity, and process—and
concluded that the weight of process is 0.7, while the weights of both activity and resource are 0.15.
Wang Aihu and tanattarat takurakiat (2018) [18] took the logistics industry of China and Thailand as
the research object, and they constructed the evaluation index system of the logistics development level
from two dimensions, i.e., logistics competitive strength and logistics competitive potential. Through
the analysis of these literature indicators, it can be seen that the evaluation indicators of regional
logistics competitiveness are quite different. Porter’s diamond model has advantages in evaluating
national competitiveness, but regional logistics has its own unique characteristics, which cannot
be directly used to establish the regional logistics competitiveness evaluation system. Through the
analysis of an indicator connotation, the logistics factors, logistics demand, and the regional economy
are important indicators of logistics competitiveness.

2.2. Method for Determining the Weight of Comprehensive Evaluation Indicators

The methods for determining the weight of comprehensive evaluation indexes include the
subjective weighting method, the objective weighting method, and the combination weighting method.
The subjective weighting method is a method through which the evaluators or experts obtain the
index weight according to their own experience and subjective attention to each index. Subjective
weighting methods include the Delphi [19], the analytic hierarchy process (AHP) [20,21], and the
analytic network analysis (ANP) [22]. The Delphi method adopts an anonymous way with several
rounds of correspondences to seek the opinions of experts so that the evaluation opinions of the expert
group can be concentrated, and finally a more consistent index weight is determined. The analytic
hierarchy process is to construct a judgment matrix to calculate the weight vector based on the relative
importance of the subjective evaluation indexes of the experts. The analytic network analysis method
is based on the analytic hierarchy process, taking into account the mutual influence of various factors
or adjacent levels, using a “super matrix” to comprehensively analyze each interacting and influencing
factor to obtain its mixed weight. The objective weighting method is a method that uses objective
information about each index to determine the weight of the index. Objective weighting methods
mainly include the mean square difference method [23], the entropy method [24], the gray correlation
method [25], and the CRITIC method [26]. The basic idea of the mean square deviation method and the
entropy method in determining the objective weight is as follows: If the data sequence of an attribute
has more variability, it means that more information is provided, and the more the information is given,
the larger the corresponding weight coefficient is. In fact, the gray correlation method to determine
the weight of the evaluation index is a quantitative comparison between the weight of each expert’s
experience judgment and the maximum value (set) of an expert’s experience judgment; according
to the distance, the relevance degree (correlation) of the expert group’s empirical judgment value is
calculated. The greater the degree of correlation, the more consistent the expert experience judgment
is; moreover, the more important the index is, and the more weight it has. The basic idea of the
criteria importance though intercrieria correlation (CRITIC) method is to determine the weight of the
indexes based on the contrast strength (standard deviation) and the conflict (correlation coefficient)
between evaluation indexes; the greater the conflict and contrast strength between the indexes, the
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greater the weight of the indexes is. Through a comparative analysis of subjective and objective
weighting methods, we can see that both methods have advantages and disadvantages: The subjective
empowerment method makes judgments on the importance of the indexes based on the academic
level and experience of experts. Although this method is closer to the actual requirements, it cannot
objectively and scientifically reflect the data information of the evaluation scheme and is greatly affected
by human factors. In some individual cases, the weighting result obtained by applying a subjective
weighting method may be significantly different from the actual situation [27]. The objective weighting
method takes the amount of information contained in the index as the weight setting standard. It pays
attention to the relative difference size of each index value and only determines the index weight based
on the relative difference size between the index values; it does not consider the evaluation purpose of
the scheme, ignores the requirements of the evaluation purpose for the relative importance of each
index, and often deviates from the reality. Due to the different principles of various objective weighting
methods, the recognition of the importance of each index is quite different, and the weighting results
are also different. In practical applications, the importance of the indexes measured by the objective
weighting method may be different from the importance of the subjective cognition, and it cannot
accurately reflect the importance of the indexes. For example, the entropy of index A is greater than
the entropy of index B; this only indicates that the degree of variation of index A is greater than that of
index B, but the role of index A in the comprehensive evaluation is not necessarily greater than that of
index B [28]. The combination weighting method combines the subjective and objective weighting
methods. It essentially combines the two types of methods, but it does not solve the problems of the
two types of methods; the comprehensive weight will change with the coefficient, and it is difficult
to reach a consensus on how to determine the weight distribution proportion of the two methods.
From the analysis of the methods in these documents, the main components of the regional logistics
competitiveness evaluation are the principal component analysis, the factor analysis, the entropy
weight method, and the analytic hierarchy process. The factor analysis can only reflect the information
of some indicators, and dimensionality reduction will result in the loss of some data information;
the entropy weight method only reflects the fluctuation of the internal data of the indicator, and the
analytic hierarchy process has the problem of consistency of the judgment matrix. Each method has its
own advantages and disadvantages, and so we should make good use of them in practice.

2.3. Evaluation Method of Regional Logistics Competitiveness

Wang Shengyun and Shen Yufang (2007) [29] used the factor analysis method to quantitatively
evaluate the regional logistics competitiveness of China in 1997 and 2004; they divided regional logistics
competitiveness into five major types, each of which was divided into five levels through the evaluation,
and the dynamic types of regional logistics competitiveness were classified and analyzed. Zhou Yarong
(2011) [30] used the principal component analysis to conduct a comprehensive evaluation of regional
logistics in China and made a simple cluster analysis. Jiang Minglin et al. (2015) [31] and Yang Lei
(2015) [32] both used a factor analysis to make an empirical comparative analysis on the level of regional
logistics competitiveness in China. Liu Yuanyuan (2016) [33] used the gray correlation method based
on combination weighting to evaluate the competitiveness of the logistics industry in 31 provinces
and cities across the country, concluding that the development of a regional logistics industry in
China is unbalanced and that the regional logistics industry is gradually weakening from east to west.
Liu Ruijuan et al. (2017) [34] used the entropy weight technique for order preference by similarity to
an ideal solution (TOPSIS) method to dynamically analyze and evaluate the competitiveness of the
provincial logistics industry in the new silk road economic belt from 2005 to 2015, and they analyzed
the basis of the spatial evolution and spatial agglomeration of logistics competitiveness; the spatial
spillover effects of different types of agglomeration areas were quantitatively analyzed. Li Pan and
Peng Huiping (2018) [35] used the entropy weight-gray correlation analysis method to study the
relationship of regional logistics competitiveness, and they comprehensively analyzed and evaluated
the logistics competitiveness of various regions.
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3. Comprehensive Evaluation Index System of Regional Logistics Competitiveness

In order to evaluate the competitiveness of regional logistics scientifically and reasonably, it is first
necessary to establish a scientific and systematic evaluation index system reflecting the comprehensive
competitiveness of regional logistics. The development of regional logistics is inseparable from the
support of the regional economy and the upstream and downstream supply chains of the regional
logistics industry. The regional logistics competitiveness is not only dependent on the core business
areas such as the logistics service capabilities and management capabilities of regional logistics
enterprises, but it also depends on the supply ability of an upstream logistics supply chain, such as
logistics facilities, equipment, personnel, platforms, etc., as well as the regional logistics environment of
a downstream logistics supply chain, such as the effective purchasing power matching of the regional
market demand. Therefore, the construction of comprehensive evaluation indexes of regional logistics
competitiveness must be selected in accordance with scientific, objective, and relevant principles.
At the same time, the availability of statistical data for each evaluation index must be considered.
Based on the previous research results, this study combines the characteristics of regional logistics
and the opinions of experts. From the perspective of the logistics supply chain, 23 indexes (Table 1) of
three categories—namely the resource supply, logistics service, and market demand—are selected for a
comprehensive evaluation of regional logistics competitiveness.

3.1. Sample Data Source

Because the annual data statistics of 2018 and 2019 are incomplete, based on the availability and
integrity of data, this paper selects 31 provinces in China in 2017 as a research sample to evaluate
the competitiveness of regional logistics industries in each province; it should be noted that some
annual data of 2018 and 2019 have not been calculated yet. The evaluation index data (data used
for calculation) of all provinces and regions in the country are all from the statistical database of the
National Bureau of Statistics. Individuals can directly obtain the data of relevant indexes from the
official website of the National Bureau of Statistics (http://data.stats.gov.cn). The total amount of social
logistics data of each region (data used for reference) is mainly obtained from the 2018 China Logistics
Yearbook, and individual data are obtained from China Statistical Yearbook and paper data. All data
are objective data to ensure the accuracy and effectiveness of the evaluation index data. Since the
current industry classification system of China’s statistical yearbook does not consider the logistics
industry as an independent industry, the statistical data of relevant indexes of the logistics industry in
this paper are approximately replaced by transportation, warehousing, and postal services.

3.2. Evaluation Index Construction Principles

(1) Scientific principles

From the analysis of the evaluation indexes of most research documents, the evaluation indexes
are mainly divided into three categories. One is the absolute quantity index, such as the GDP, which
represents the absolute value of the evaluation object. The other is the average quantity index, such as
GDP per capita, which represents the unit value of the index. The third is the growth rate index, such
as GDP growth rate, which represents the relative value of the index. The nature of the three types of
indexes is quite different, and mixed calculations will lead to logical confusion, making the evaluation
results unclear. Based on the principle of classification calculation, this article selects absolute indexes
for weighting, thereby scientifically reflecting the absolute value of regional logistics competitiveness.

(2) Objectivity principles

In addition to official statistics, most scholars use the expert scoring method to obtain the evaluation
scores of government management capabilities in various regions according to the relevant regional
logistics planning and the related logistics policies. This method is relatively subjective, and the range
of the subjective score is often different from the range of the objective value. In this paper, the official
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index data such as the statistical yearbook are selected for evaluation, which ensures the objectivity
and consistency of the evaluation index data.

(3) Relevance principles

Due to the complexity of the connotation of logistics competitiveness, the construction of evaluation
indexes lacks a unified standard. The indexes given by different research papers are quite different.
Some indexes have very low correlation with regional logistics competitiveness, which reduces the
scientificity and representativeness of the evaluation results. In this paper, the Delphi method is used
to select indexes closely related to the evaluation objectives and to build an evaluation index system.

3.3. Construction of an Evaluation Index System

Referring to the previous scholars’ setting of an evaluation index system of regional logistics
competitiveness [3,4,6,7,9-11,16,18,29-36], according to the description of the indicators, the evaluation
indicators are statistically clustered, and the importance of the indicators is decided by the Delphi
method. On this foundation, combining the characteristics of regional logistics competitiveness, and
considering the scientific, objective, relevant, and available principles of the evaluation indexes, the
evaluation indexes are selected from the upstream, middle, and downstream of the logistics industry
supply chain based on the perspective of the supply chain. The first is the supply of upstream logistics
resources, including logistics units and personnel, logistics assets, logistics channels, etc. The second is
the intermediate logistics services, including material flow, logistics value-added services, etc., and the
third is the downstream logistics market demand, including production, consumption, circulation, etc.
These three aspects interact with each other, and they form the conceptual model of regional logistics
competitiveness (Figure 2).

Demand of
logistics
market

Supply of
logistics
resource

Informations

\ /

N ’
Information Information
TN EE
Logistics’ Logistics

Logistics
service

Figure 2. The triangle model of regional logistics competitiveness.

From the eight aspects of the three dimensions of the upstream, middle, and lower downstream,
23 indexes were selected to build a comprehensive evaluation index system of regional logistics
competitiveness, as shown in Table 1.
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Table 1. Evaluation indexes of regional logistics competitiveness.

System layer (A) Subsystem layer (B) Index layer (C)

Number of legal entities in transportation, warehousing, and
postal services (Cq) [31]

Number of employed persons in urban units in transportation,
Logistics unit and storage, postal, and telecommunications (Cy) [30-33,36]
personnel (By)

Number of private enterprises and self-employed persons in
transportation, storage, and postal (C3) [30-33,36]

Number of urban private enterprises and self-employed

Supply of logistics persons in transportation, storage, and postal (C4) [30-33,36]

resources (A1)

Investment in fixed assets in transportation, storage, and
Logistics assets (By) postal (Cs) [6,30,32,33]
The number of trucks in road operation (Cg) [6,16,32,33]

Railway operating mileage (Cy) [16,18,29,32,36]
Highway mileage (Cs) [6,16,18,30,32,36]

Logistics channel (B3) Inland waterway mileage (Cy) [18,30,32,36]
Total postal length (Cyg) [6,33]
Total number of postal outlets (Cy1) [32,33]

Logistics value-added Added value of transportation, storage, and postal industry
service (By) (C1p) [3,33]

Volume of goods transported (Cy3) [3,16,18,29,32,33,36]
Volume of goods turnover (Cy14) [3,6,18,29,30,32,33,36]

Logistics service (A)
Logistics volume (Bs)

Volume of express delivery (Cy5) [32,33]

Total volume of postal business (Cy¢) [6,33]
Production (Bg) GDP (Cqy) [3,6,16,29-33,36]

Total volume of retail sales of social consumer goods (Cig)
Consumption (By) [6,16,32,33]
Final consumption (Cy9) [33]

Demand of logistics
market (A3z) Total sales volume of wholesale goods (Cy) [3,18]

Volume of total retail sales (Cp1) [3,18]

Production (Bg) Volume of e-commerce sales (Cpp) [32]

Total volume of import and export volume of destination and
source (Cy3) [16,30,32,33]

4. Evaluation Method Based on Multiple Reference Points and an Improved Analytic
Hierarchy Process

4.1. Problem Description

Let A = {A1,A, ... A} denote the set of evaluation objects, and let C be the evaluation index
attribute set, where C = {C1,C,,C3, ... ,C,}. Let Wi be the attribute index of weight vector C]- ; a?].

(I=12,...,mj=123,... n)is the evaluation matrix, and a?. represents the index value of the j-th
attribute of the i-th evaluation object. This paper studies the fanking of the evaluation objects under
multiple indexes, and the difficulties of this type of problem are found in the problem of data processing
of the evaluation indexes. Because the maximum value of some indexes is very high, the data of
the traditional normalization methods are generally small; moreover, the comprehensive evaluation
depends on the scores of several key minority absolute advantage indexes, and the representative
mapping of a comprehensive evaluation is not enough. The problem is in determining the weight of
the evaluation index. The weight of the evaluation index is an important basis for the evaluation, as
the calculation method of the weight directly affects the weight. Because there are many indexes in the
subjective weighting method, it is difficult to judge and analyze the weight, and the consistency effect
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is difficult to guarantee. The objective weighting method is mainly calculated based on the internal
data difference of the index, and it has no direct relationship with the actual weight.

4.2. Normalization of Index Values Based on Segment Mapping

Different evaluation indicators usually have different dimensions and orders of magnitude, and
the data of the indicators cannot be used for comparison directly. In order to ensure the objectivity and
scientificity of the comparison results, it is necessary to standardize the original value of each evaluation
object. Through standardized processing, the unit of different attribute indexes is eliminated, and
the standardized evaluation index data is additive and comparable. In general, the original data are
linearly transformed to map the data to [0,1] or [-1,1]. The methods commonly used for index value
standardization are the min-max standardization [37,38], z-score standardization [2], maximum value
standardization [39], and the specific gravity method [10]. Taking the dimensionless processing of the
sequences X1, X, ... , X as an example, using the min-max standardization method, the normalized
equations of the positive and negative type indexes are expressed as Formulas (1) and (2) [40]:

yi— Xi— minlSiSn(xj) ' O

max, <, (xf) - min,., (xj)

. maxi<icu(¥;) - %) o

maX, ;e (xj) —min, ., (xj)

The calculation formula of the z-score standardization method is as follows [2]:

xi—i

yi=— 3)
In Formula (3), x and ¢ are calculated as follows [2]:
_ 1y
X = ; 4 _Xi. (4)
i=1
1 v _
azdn—l. (x; = %)% (5)
i=1
The calculation formula using the maximum value normalization method is as follows [39]:
X
yi= Z (6)

maxlsiSn (x]) .
The calculation formula of the standardized method using the specific gravity method is as
follows [10]: .
i

y
N
=

yi= (7)

When the difference between the maximum value and the minimum value of the index value is not
too large, the normalized mapping data of the method is not affected by the range, the data distribution
is basically uniform and normal. Moreover, the mapping data of different attribute indexes have strong
comparability, and the comprehensive evaluation value has more comprehensive representativeness
and comprehensiveness. When the range of the evaluation value under an attribute index is too
large, the traditional normalization will cause a problem where the comprehensive evaluation result
is too greatly affected by some indexes, and it cannot comprehensively reflect the situation of the
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comprehensive evaluation. Taking the indexes selected for regional logistics competitiveness as an
example, there is a large gap between the maximum value of the attribute indexes, the median value,
and the minimum value; the ratios of the lowest maximum value and the median value, maximum
value, and minimum value of the 23 indexes selected are 2.1 times and 13 times, and the maximum
and minimum values of other indexes are tens, hundreds, or even more thousand times. For example,
the gap between the maximum value and the minimum value of the express delivery volume, the total
import, and export volume, and other indexes in 2017 reached about 1786 and 2473 times, respectively;
the normalized median corresponding to about 0.5 is reasonable, which is actually less than 0.05,
which is obviously contrary to common sense. In this case, compared with the maximum value, the
difference between the smaller evaluation values is almost indistinguishable; even if there is a multiple
difference, the score after comparing with the extreme value can be almost ignored. For example,
the maximum value of an index is 10,000, and the smaller values (which ranges from 0 to 1000)
are in the interval [0,0.1] after normalization. The proportion of the values in this interval may be
more, leading to low differentiation, which makes evaluation difficult. The comprehensive score
becomes a comparison of whether there is a specialty. If there are no maximum or near-maximum
scores, other scores become extremely difficult to determine, making the comprehensive evaluation
appear to be a partial phenomenon. This kind of evaluation violates the original intention of the
comprehensive evaluation, and it cannot systematically reflect the comprehensive level of the evaluation
object. The standardization of the segmented mapping of the index can avoid the problem where the
normalized smaller value is extremely weakened due to the existence of the maximum value.

Taking index C; as an example, we normalize the index value under index C; to a [0,1] interval
value, and we divide the [0,1] interval value into 11 grades, which respectively represent extremely weak
[0,0.05), very weak [0.05,0.15), weaker [0.15,0.25), weak [0.25,0.35), lower middle [0.35, 0.45), medium
[0.45,0.55), upper middle [0.55,0.65), strong [0.65,0.75), stronger [0.75,0.85), very strong [0.85,0.95), and
extremely strong [0.95,1]. The original index values are sorted according to size, and the median of all
values is used as the reference point corresponding to the medium evaluation value, which is called
the middle reference point; the reference value of the middle reference point is the middle value 0.5 of
the scale interval [0,1], and the median of the first half of the evaluation value is taken as the reference
point of the upstream and middle evaluation values, which is called the upper and middle reference
point. The reference value of the upper and middle reference point is the middle value of the scale
interval [0.5,1], which is 0.75 (critical values of strong and stronger). The median of the second half of
the evaluation value is taken as the reference point of the middle and downstream evaluation values,
which is called the middle and downstream reference point. The reference value of the middle and
downstream reference point is the middle value of the scale interval [0,0.5], which is 0.25 (critical
values of weaker and weak). According to the setting of the reference points, there are four mapping
intervals corresponding to the original evaluation values, and the number of intervals from high to
low are [0.75,1], [0.5,0.75], [0.25,0.5], and [0,0.25]. In order to determine the distribution of the actual
evaluation values and whether the extreme value of the evaluation value of the index is too large, this
paper compared the three dividing points (0.75, 0.5, 0.25) of the mapping interval with the normalized
values of the quartiles. The original evaluation value of the index C; was recorded as a (=123

m;j =123 ... ,n), which has three-quarters quantiles, median, and quarter quantlles recorded
as (zz )Qg, (zz )Q2 and (a )le respectively; correspondingly, the original evaluation data of C; were

d1V1ded into four 1ntervals with the quartile as the cut-off point, and the intervals are [(a )Q3,(a Jmax),

[(al ])Qz,( l])Q3 [(a )Ql,(a )Q2 [(u )mm,(al])Ql] from large to small. In order to reduce the 1nﬂuence
range of the max1mum value on data normalization and make the normalization ratio better map the
difference of the original value, the original value was divided into the first half (the part with large
value) and the second half (the part with small value) with the median as the boundary. The first half
uses the ratio of three-quarters quantiles of each index to the maximum value, as well as the ratio of the
median to the maximum value as the judgment value, and compares it with the reference values of 0.75
and 0.5, respectively. The second half uses the ratio of quarter quantiles of each index to the median
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value as the judgment value, and compares it with the reference value of 0.5. When the judgment value
is greater than or equal to the reference value, it means that the data range is not big, and there is no
case that the maximum value is too large, meaning there is no need for interval conversion. When the
judgment value is less than the reference value, it means that the data range is too large. In order to
make the evaluation value more comparable, it is necessary to perform a rational mapping process on
each evaluation value of the original range that is too large to make it more reasonable to map to the
corresponding mapping interval.

Assuming that the original interval of the h-th segment of the evaluation target index value under
the C; index is [(@° ) min )1 (@2 max)n], the corresponding mapping interval is ((4; j)min)i,((@ j))max)n], the

i,j i,j
value after the mapping is (4;;);, and the mapping formula of (a;;)y, is as follows:

(a5), = ((a:‘)j)max)h_((ﬂij)min)h((a%)h—((a%)min)h)-l—((ai]‘)min)h (i=12...m j=12..n). 8
(= (),

a9

1] max 1J” min

According to the normalized value distribution range of the index, the mapping value of the
maximum evaluation value under the index C; is 1, and the mapping value of the minimum evaluation
value is converted according to the middle and lower reference points (quarter quantiles). Assuming
that the evaluation value of the middle and downstream reference points of the index C; is (R;)q1, the
minimum value of C; is (R;j)min, the reference value of the middle and downstream reference points is
(5))01, and the reference value of the minimum value is recorded as (S;)min- The formula for (5;)min is
as follows:

(5o = (1) N ©

Taking the index C; as an example, a?j represents the original index value of the j-th attribute
of the i-th evaluated object, where the maximum value of the evaluation value under the G index
is (a?].)max, the three-quarters quantiles is (a?].)Qg,, the median is (a?].)Qz, the quarter quantiles is (a?j)Ql,
and the minimum is (a?].)min. The original evaluation data is arranged from big to small and divided

into four intervals according to the quartile: They are [(a?j)@,(a?j)max], [(a?j)Qz,(a%)@], [(a?j)Ql,(a%)Qz],
[(a?.)min,(a?)gl] in order from big to small. Here, 4;; represents the normalized original value of
the index of the j-th attribute of the i-th evaluated object, according to the previous normalization
processing method of the index value based on the segmentation mapping. The original evaluation
value is judged between the partitions, and the normalized processing of the evaluation values is
as follows:

(1) For the data in the interval [(ag.)Qg,(ug.)max], when (a?j)@/ (a?].)max >=0.75, no mapping processing
is performed. When (ag)Qg,/(a?,)max < 0.75, the maximum value is found to be too large, and the
normalization processing is as f]ollows:

0.25
0
(ai]‘>

Wy

- (a?].) ) +0.75. (10)

max

(2) For the data in the interval [(ug].)Qz, (ﬂgj)le, when (agj)QZ/(ag]-)max >=0.5, no mapping processing

is performed; When (a?j)Qz/(a? Jmax < 0.5, the maximum value is found to be is too large, and the
normalization processing is as tjollows:

0.25
(a

M= o8 0y
(ai]')Q3 - (a,'j)Qz J

- (a?j) ) +0.50. (11)
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(3) For the data in the interval [(agj)Ql, (ag].)Qz], when (a?,j)Ql/(a?,j)Qz >= (0.5, no mapping processing
is performed; When (a?].)Ql/(a?j)Qz < 0.5, the maximum value is found to be too large, and the
normalization processing is as follows:

0.25
- (ao
@)= @ 1

ij ij

- (ao

111']- = ij)Ql) + 0.25. (12)

(4) For the data in the interval [(agj)min, (ag].)Ql], when (agj)Ql/(ag],)Qz >= 0.5, no mapping
processing is performed; When (a?j)Ql /(a?j)Qz < 0.5, the maximum value is found to be too large, and
the normalization processing is as follows:

0.25 - (aij)min
aij = W(ﬂ?j - (ﬂ?j)min) + (i) min- (13)
ij/Q1 ij/ min
Among them,
<alo')min
(@) min = 0.25- — (14)

(@)

01
4.3. Method for Determining Attribute Index Weights Based on an Improved Analytic Hierarchy Process

The analytic hierarchy process (AHP) is a multi-objective decision analysis technology combining
both qualitative and quantitative analyses proposed by American operations researcher Saaty [41].
This method takes the form of a proportional scale and makes full use of human experience and
judgment. It compares the relative importance of relevant factors at the same level and combines the
measures of decision-making objectives from the top to the bottom [35]. Compared with the objective
weighting method, the analytic hierarchy process scientifically and reasonably reflects the subjective
judgment of the evaluator; this method integrates various qualitative and quantitative factors, and it
has certain reliability and validity. Among various studies in different fields, the analytic hierarchy
process (AHP) is regarded as the most effective and commonly used multiple-criteria decision-making
(MCDM) method [42]. The analytic hierarchy process (AHP) is particularly suitable for the analysis
and decision-making of complex systems with multiple objectives, multiple levels, multiple factors,
and multiple schemes due to its systemic, flexible, and practical characteristics [43]. However, the
scientificity and accuracy of an evaluation using the analytic hierarchy process should be based on
reasonable scales and clear logics. The selection of appropriate scales and clear logical relationship
judgments are the pre-requisites for the appraisers to make correct judgments.

In the scale setting, the analytic hierarchy process generally uses the numbers 1-9 and their
reciprocals as the scale to establish the judgment matrix. According to the scale of 1-9, 1 means equally
important, 3 means slightly important, 5 means obviously important, 7 means strongly important,
and 9 is extremely important, while 2, 4, 6, and 8 are the median values of neighboring judgments.
This scale is simple and clear, but there are some problems, and sometimes the judgment result is far
from objective. For example, suppose there are three indexes: A, B, and C. Here, A is slightly more
important than B (A/B = 3), and B is slightly more important than C (B/C = 3). The calculation shows
that A is more extreme than C in importance (A/C = 9); however, according to the expert’s judgment
in the actual research, the importance of A over C will generally be near the position of significant
importance (A/C = 5). Moreover, the actual judgment and calculation results are inconsistent, which
destroys the consistency of the matrix. In addition to the 1-9 scale, a variety of scales has been
proposed, such as the 0 to 2 three-scale method, the —1 to 1 three-scale method, the five-scale system,
the 9/9-9/1 scale, the 10/10-18/2 scale, the exponential scale, etc. [44]. Xu Zeshui (2000) [44] compared a
variety of scales and found that the 10/10-18/2 scale shows obvious superiority in the accurate weight
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calculation, and the obtained results are more accurate. The results show that different scale systems
are inherently inconsistent.

In terms of logical judgment, the evaluator needs to accurately determine the logical relationship
between the indexes. The more evaluation indexes there are, the easier it is for people to compare the
indexes, and the more difficult it is to determine the logical relationship between the indexes. When
there are many indexes at the same level, the judgments given by the evaluators may even conflict with
each other, causing serious inconsistencies in the judgment matrix. However, the consistency of the
judgment matrix is a necessary condition for using the analytic hierarchy process. In the application of
this method, the inherent defect of the consistency of the judgment matrix has not been overcome;
especially when the compared elements are more than 10, the application of this method is even more
inaccurate [45].

Aiming at the problem of consistency of judgment matrix constructed by the analytic hierarchy
process, this paper proposes an improved analytic hierarchy process method to solve the index weight.
The method mainly involves using the chart method to judge the logical relationship between indexes,
making the index judgment matrix fully meet the matrix consistency, improving the limitation of the
inaccurate method when there are too many elements to be compared, improving the scientificity and
logicality of the AHP, using the idea of a dynamic scale decision to establish the scale, and obtaining
the subjective weight according to the established index hierarchy model. The specific method is
as follows:

(1) Calculate the relationship between indexes through the index importance level
classification table

The traditional analytic hierarchy process was used to determine the index weights. First, the
evaluation index system was constructed, then the importance of all elements in the next layer compared
to the previous layer was compared in pairs, and finally the judgment matrix was constructed. Due to
the logical deviation of subjective judgment, the analytic hierarchy process will check the consistency
of the judgment matrix. If the test result is within a certain reasonable range, the consistency of the
judgment matrix is considered to be is acceptable, and there is no need to adjust the judgment matrix.
If the test results are not within a reasonable range, the relationship between the indexes needs to be
corrected, and a new judgment matrix is obtained by recalculation. In order to make the comparison
between indexes more accurate, all indexes are classified by grade. The grade number does not
represent the actual value size, only the importance. The larger the grade value is, the more important
the index is. In order to facilitate the conversion, the number of levels of importance and the level of the
analytic hierarchy process are the same. Based on the idea of sorting, the indexes were identified in the
index importance level classification table by using a check form; after checking, the indexes of different
categories were balanced to obtain the final index importance level classification table. Assuming that
the index layer to which the subsystem level index B1 belongs has four evaluation indexes of Cy, Cy,
C3, and Cy, experts give their importance levels of 9, 5, 3, and 7 respectively. The classification table of
the importance of the indexes is given in Table 2.

Table 2. The classification table of importance level of indexes.

Importance Level

Indexes
1 2 3 4 5 6 7 8 9
G v
B, G v
Cs v
Cy v

According to the importance grade judgment in the classification table of importance level of
indexes, the relationship between the two indexes was calculated. Taking C; and C; as examples,
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assuming C; = P; and C; = P}, sgn(P; — P)) is a symbolic function, and o is an arbitrarily small positive
real number (make sure that the base of the exponential function is greater than zero). According to
the calculation logic of a traditional AHP index comparison, the relationship between C; and C; is
as follows: c _
i sgnili—rt
c - (|Pi = Py + o) : (15)
Taking C; and C, for example, C; =9, and Cp = 5. According to Formula (13), it is calculated
as follows:

% = (|p1 — Py _|_G)sgn(P1—P2) _ (|9 — 5| _|_G)sgn(9—5): 4
% = (|P, - P +O)sgn(Pz—P1) = (5-9| +O)sgn(5—9) _ %

(2) Establishing scale of exponential function

Using the result of the non-deterministic exponential function y = u* (u > 1, x > 0) and its reciprocal
as the scale to establish a judgment matrix, # > 1 makes the exponential function a monotonically
increasing function. In order to facilitate identification and comparison, we let the value of the index x
be a natural number. When x = 0 and u° = 1, it means that they are equally important. According to
the difference in the importance of the scale and the requirements of the degree of discrimination, the
interval of the base number and the index should be determined reasonably. If the maximum value of
x is g, then g + 11is used to represent the scale series. When g = 8, the set of a* corresponds to a scale of
1-9. Assuming that the values of base u are 1.1, 1.2, 1.3, 1.4, and 1.5, the corresponding scale values are
shown in Table 3.

Table 3. Scale classification of AHP.

Index Index Index Index Index
Scale Index Index Scale
Number Scale (%) Scale Scale Scale Scale Scale Description
(1.1%) (1.2%) (1.3%) (1.4%) (1.5%)
1 0 1 1 1 1 1 Indexes are equally
" important
3 w2 1.21 1.44 1.69 1.96 225 iis slightly more
important than j
5 ut 1.46 2.07 2.86 3.84 5.06 iis obviously more
’ ’ ’ ’ ' important than j
7 6 1.77 2.99 483 7.53 11.39 i1s strongly more
important than j
9 u 2.14 43 8.16 14.76 25.63 iis extremely more
important than j
2 ul 1.1 1.2 1.3 14 1.5
4 ud 1.33 1.73 2.20 2.74 3.38 Intermediate value
6 u 1.61 2.49 371 5.38 7.59 of adjacent
judgment
8 u’ 1.95 3.58 6.27 10.54 17.09
X u* 1.1* 1.2* 1.3* 1.4* 1.5*

(3) Constructing the judgment matrix through scale transformation

Comparing the meaning of the index scales corresponding to the AHP scale classification table
in Table 3, the relationship between the two indexes is that C; is slightly more important than C,.
According to the calculation and analysis of the index relationship, if the experts think that the
meaning of the index scale description corresponding to the calculation result is far from the original
judgment, they can adjust the judgment in Table 3 and then calculate it again until the judgment is
basically consistent.
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According to the meaning of the exponential function, the calculation result of the relationship
between C; and C; is equal to the exponent x of the scale function, and the calculation formula is

as follows: op
x = (|, -]+ o). (16)

Substituting the result and index scales, the scale conversion formula is as follows:

Ci (1Pi-Pjl+0) sen(FicF)
c - [u(Pr=Pilto)] . (17)
Taking the evaluation indexes Cq, Cy, Cs, ... ... , Cn as examples, the judgment matrix of the
evaluation indexes is established as follows:
1 [u(lpl_PzHo)]Sgn(ﬂ—Pz) [u(lpl—PlerU) sgn(P1—P3) N [u(lpl—PnlJrU) sgn(P1=P,) 1
[u(IPz—PlHa) ]Sgn(Pz—Pl) 1 P23 ]Sgn(Pz—Ps) [uuPz—Pmm ]Sgn(Pz—Pn)
P (1P3-Py1+0) 158N(P3=P1) (IP3-Py|+0) 158N (P3—P2) (IP3=Prl+0) 158N (P3—Py)
=1 [« [ 1 [
[u(|Pn —Pyl+0) ]Sgn(Pn =P1) [u(IP" —Pyl+0) ]Sgn(Pn =P,) [uupn —P3l+0) ]Sgn(Pn ~P3) 1

(4) Calculating the weight of the evaluation index
The weight vector W; of the evaluation index C; is calculated by the sum method as follows:

i (u[(IPi_le‘f’G)sgn(Per)] )

i=1
W, = (1=1,23,...nj=1,23...,n). (18)

i=1j=1

4.4. Summary of Methods and Steps

Step 1: Establishing the evaluation scheme characterization
First, a?. represents the original index value of the j-th attribute of the i-th evaluation object, and
the evaluation scheme characterization is established as shown in Table 4.

Table 4. Raw value of the evaluation index.

Valuated Objects Index Cq Index C, Index C3 ... Index Cy,

0 0 0 0

Aq a5, a5, a5 e ay,
0 0 0 0

Ay a5 Ay, Ay . a,,
0 0 0 0

As 131 a3 33 e a3
0 0 0 0

A an a,, Ay . A

Step 2: Normalizing the index value in sections

If the index is a positive (benefit type) index, the greater the expectation is, the better, and then the
index has the maximum polarity and takes the maximum value. If the index is a reverse (cost-type)
index, the smaller the expectation is, the better, and then the index has the minimum polarity and takes
the minimum value. If the index is a specified value or a medium-sized index, the index has a moderate
value polarity, and the specified value or average value is taken. Considering the extreme value of
the attribute index, the original data was normalized by using an improved normalization method.
Taking the quartile as the dividing point, the original evaluation value was divided into four intervals.
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According to the ratio and according to the relationship between the ratios of the maximum value of
the index (assuming the index is a positive index) and the three-quarters quantiles, the maximum and
median, the median and quarter quantiles, and the reference ratio, the data that need to be mapped in
sections were transformed to get more scientific and reasonable normalized data.

Step 3: Establishing the scale of the attribute index and calculating the weight of the
evaluation index

An improved analytic hierarchy process was used to establish the weights of the evaluation
indexes, and the importance difference between the indexes was quantified using the index scale x,
in which the index x of u* represents the number of levels of the scale, and the base u represents
the cardinal number of the scale. First, the scale series x = p (generally 3, 5, 7, 9 scales are used) of
attribute index was determined according to the differentiation, and then the maximum scale aP was
determined according to the difference degree of the least important index and the most important
index. Next, the scale values corresponding to different levels of scale were obtained by an exponential
function. The degree of importance between the indexes from equal importance to extreme importance
is represented by 10O, w23, ... ... ,uP; conversely, they are represented by their reciprocal. On the
basis of the scale value, the importance of indexes was classified with the help of the index importance
classification table (Table 3). The evaluation matrix was constructed based on the classification, and the
weight vector of each evaluation index was calculated by Formula (13). Since the relationship of indexes
is given according to the importance classification table of indexes, the logic of pairwise comparison of
indexes is consistent, and the judgment matrix no longer needs to be checked for consistency.

Step 4: Constructing a normalized weighted evaluation matrix Z

The weight of the index C; is W;, and the element in the normalized evaluation matrix Z is Z;;.
The calculation formula of Z;; is as follows:

Zij :ai]‘~Wj (iI 1,2,3,...,mj: 1,2,3,...,1’1). (19)

Constructing a normalized weighted evaluation matrix is as follows:

anWi  apWa ... a4, Wy
ap Wy apWy ... ax Wy
amWi1  amWo ... apWy

Step 5: Sorting the evaluation objects based on the comprehensive evaluation value

According to the row vector of the weighted evaluation matrix, the comprehensive evaluation
value of each evaluated object was calculated, and the comprehensive evaluation value Z; of the
evaluated object A; was calculated as follows:

n
Z; = Zaij'w]-(i =1,2,3,...,mj=1,23,...,n). (20)
j=1

The evaluated objects are sorted according to the size of the comprehensive evaluation value.

5. Comprehensive Evaluation and Analysis of Regional Logistics Competitiveness

Regional logistics competitiveness is the value embodiment of regional logistics elements, and the
evaluation of regional logistics competitiveness is an important part of regional logistics management.
The establishment of a relatively perfect evaluation index system is the pre-condition for grasping
the characteristics of the regional logistics industry, analyzing the industrial structure, and grasping
the level and development trend of industrial competitiveness. In order to understand the status of
regional logistics in various provinces across the country, many scholars have established different
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evaluation index systems to comprehensively evaluate the competitiveness of regional logistics. From
the analysis of the composition of the index system, there are some problems, such as the relationship
between the index and regional logistics competitiveness not being close; the absolute indexes, the per
capita indexes, and growth indexes being added directly; and there being too many subjective indexes.
From the analysis of the index data size, there are many indexes with too large a range, and the existing
research rarely pays attention to the influence of range data on evaluation ranking. In the aspect of
determining the index weight, the AHP is often used to calculate the index weight; the judgment of
logical relationship and the selection of index scale affect the accuracy of the AHP. In view of these
problems in the evaluation of regional logistics competitiveness, this paper took the relevant data of
31 provinces in China in 2017 as a research sample, combines the actual situation of regional logistics
development, and constructed the evaluation index system of regional logistics competitiveness from
the three dimensions of resource supply, logistics service, and market demand. In this paper, the
multi-reference point and dynamic index of the improved AHP were used to analyze the regional
logistics competitiveness and to evaluate the comprehensive competitiveness of the regional logistics
industry in each province, so as to provide a basis for promoting the further development of the
regional logistics industry.

5.1. Establishing the Evaluation Scheme Characterization

According to the above research on the comprehensive evaluation index system of regional
logistics competitiveness, based on the regional logistics competitiveness evaluation index constructed
in Table 1, the evaluation scheme characterization was established. Let A; (I =1,2,3, ... ,31) denote the
i-th evaluation target, and let Cj (=123, ... ,23) denote the j-th evaluation index; a?. I=1,23,...,31;
j=123,...,23) represents the original index value of the j-th attribute of the i-th evaluated object and
establishes a statistical table of the original index data of the evaluation index (Table A1).

5.2. Normalizing the Index Value

According to the analysis of 23 evaluation indexes, all indexes are positive indexes; the greater
the expectations, the better. Because the maximum value of some indexes is too large, if the general
normalization method is adopted, the ratio of other data and the extreme value under this index will be
seriously unbalanced. The normalized data is concentrated in the left area of the [0,1] interval, which
seriously deviates from the normal distribution under the normal condition. Using the three-quarters
quantiles and the median of each index as the reference point, in respectively calculating the ratio of
each index to the maximum of each index, the ratio is obtained, as shown in Table 5.

Table 5. The ratio of the reference point to the maximum value of each index.

Gt G (G € GC C €C C C Cp Ci1  Cn

Three-quarters
quantiles/Maximum 031 043 049 030 059 041 041 061 023 015 043 043
value of each index

Median/Maximum

. 022 029 028 022 042 023 034 048 0.09 0.09 029 0.29
value of each index

Cz Cu Cs Cpg Cy Cg C Cyp Cuy Cpn Cp

Three-quarters
quantiles/Maximum 054 031 011 012 038 040 038 021 044 017 0.11
value of each index

Median/Maximum

. 038 0.15 0.05 0.05 022 022 023 008 024 011 0.04
value of each index

According to the normal distribution of the evaluation data, the reasonable ratio of the
three-quarters quantiles of the attribute index to the maximum value of the index is about 0.75,
and the reasonable ratio of the median to the maximum value is about 0.5. However, the ratios of
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the three-quarters quantiles and the maximum values in Table 5 are in the interval [0.11,0.61]; all of
them are lower than the reference ratio of 0.75. There are 10 indexes whose ratios are lower than
0.33 (the last third); there are 7 indexes below 0.25 (the last quarter), and the ratios of these indexes
obviously deviate too much from the reference ratio of 0.75. The ratio of the median to the maximum
value of the index is in the range of [0.04,0.48], all of which are lower than the reference ratio of 0.5.
There are 15 indexes in which the ratio is lower than 0.25 (the last quarter), 6 indexes in which the
ratio is lower than 0.1, and they also significantly deviate from the reference ratio of 0.5. It can be
seen that the traditional normalization method using the maximum value as the reference point may
cause the normalized values under many indexes to be significantly smaller, and the discrimination is
very small. The calculation results will cause the weighted values of multiple indexes to be different.
The contribution of the value of the previous index to the comprehensive evaluation value leads to a
partial approximation, which causes the evaluation result to be biased and cannot comprehensively
reflect the comprehensive competitiveness of the evaluated object. In order to eliminate the problem of
excessive deviation of data mapping caused by index extreme values to a certain extent and range,
this paper uses multiple reference points to normalize the data. The first half of the data takes the
maximum, the three quarters, and median of 31 data sets under each index as reference points, and the
second half of the data takes the median, the quarter, and the minimum of 31 data sets under each
index as reference points. For reference points, we normalized the original data according to Formulas
(13)-(18), and we calculated the standardized data of the original data (Table A2).

5.3. Establishing the Scale of the Attribute Index and Calculating the Weight of the Evaluation Index

According to the calculation results of the index degrees in the scale classification table of the
analytic hierarchy process in Table 3, in referring to the number of Grades 1-9 of the Likert scale 9
and in selecting the result of the exponential functiony =1.3* (x =0,1,2, ... ,8) (the interval value is
closest to the Likert scale 9) and its reciprocal as the scale to establish a judgment matrix, the degree of
importance between the indexes from equal importance to extreme importance is 1.0, 1.3, 1.69, 2.20,
2.86,3.71,4.83, 6.27, and 8.16 instead, and they are represented by their reciprocal. According to the
index importance classification table of Table 3, the experts used the Delphi method to give the index
weight level, calculated the relationship between each index according to Formula (8), compared the
calculation result with the description of the index relationship, adjusted the index grade when they
are inconsistent, iterate to get the original rating judgment matrix (short process), and established the
evaluation matrix of the evaluation index according to Formula (10). Because the evaluation indexes of
regional logistics competitiveness are divided into a system layer, a subsystem layer, and an index
layer, it is necessary to establish an evaluation matrix in layers. Taking the three indexes of the system
layer logistics resource supply, the logistics service, and the logistics market demand as examples, the
importance level is 7, 9, and 8, and the evaluation matrix of the three indexes is as follows:

1 L 1
132 13
A=|132 1 13
1
13 &5 1

Matrix A satisfies the conditions of a uniform matrix ajj - A = ik, i,j,k=1,23,... n and so the
characteristic vector corresponding to the unique non-zero characteristic root of matrix A can be used
as the weight vector after normalization; the index weights calculated by the sum vector method are
0.25,0.42, and 0.33, and the index weights are calculated in turn as shown in Table 6.
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Table 6. Evaluation index weighting of regional logistics competitiveness.

. . . . Absolute
Relative Weight of Relative Weight of Relative Weight of Index Layer C Weight of Index
System Layer A Subsystem Layer B
Layer C
Number of legal entities in transportation, 02 0.018

warehousing, and postal services (Cy)

Number of employed persons in urban units
in transportation, storage, postal, and 0.12 0.011
telecommunications (C,)

Logistics unit

and personnel 0.36 Number of private enterprises and
(B1) self-employed persons in transportation, 0.26 0.023
storage, and postal (C3)
SUPPIY of Number of urban private enterprises and
logistics 0.25 self-employed persons in transportation, 0.43 0.039

resources (A1) storage, and postal (C4)

Investment in fixed assets in transportation,

Logistics assets 036  Storage and postal (Cs) 0.31 0.028

(B2) The number of trucks in road operation (Cg)  0.69 0.062
Railway operating mileage (Cy) 0.21 0.015
Highway mileage (Cg) 0.46 0.032
C};‘;g;:l(cgs) 028  Inland waterway mileage (Cg) 021 0015
Total postal length (Cjp) 0.06 0.004
Total number of postal outlets (Cy1) 0.06 0.004
Logistics .

value-added 0.26 A(iil;di r\:;ﬂlsetrof(téan)sportatlon, storage, and 1 0.109

service (By) P v
. . Volume of goods transported (C;3) 0.29 0.090

Logistics service 0.42
(A) ' Logistics 074 Volume of goods turnover (Cy4) 0.48 0.149
volume (Bs) ’ Volume of express delivery (Cy5) 0.1 0.031
Total volume of postal business (Cy¢) 0.13 0.040
Production (Bg) 0.52 GDP (Cq7) 1 0.172
) Total volume of retail sales of social 037 0.029
Consumption 0.24 consumer goods (Cyg)
. (B7) Final consumption (Cyg) 0.63 0.050
Logistics market

demand (Aj3) 0.33 Total sales volume of wholesale goods (Cpp)  0.44 0.035
Volume of total retail sales (Cp1) 0.44 0.035
Production (Bg) 0.24 Volume of e-commerce sales (Cpp) 0.07 0.006

Total volume of import and export volume

of destination and source (Cp3) 0.05 0.004

5.4. Calculating the Weighted Evaluation Value of Each Index

According to step 4, we constructed the weighted evaluation matrix, calculated the weighted
evaluation value according to Formula (19), and obtained the weighted evaluation value of each
evaluation index (Table A3).

5.5. Ranking of Evaluation Objects Based on Comprehensive Evaluation Value

According to the row vector of the weighted evaluation matrix in Enclosed Table 3, the
comprehensive evaluation value Z; of each evaluated object under the normalization of multiple
reference points was calculated by Formula (20). The comprehensive evaluation value (Z;)a, (Z;)b, (Z;)c,
and (Z;)d calculated by min-max standardization [37] (Formula (1)), the z-score standardization [2]
(Formula (3)), the maximum value standardization [39] (Formula (6)), and the specific gravity method
standardization [10] (Formula (7)) are given in Table 7.
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Table 7. Comprehensive evaluation values of evaluated objects calculated by different methods.

Maximum Specific
Multi-Reference Min-Max Z-Score Value Gravity
Point Method  Standardization Standardization Standardization Meth(?d ‘
Standardization

Evaluated Evaluation Evaluation Evaluation Evaluation Evaluation

Object Value Z; Value (Z;)a Value (Z;)b Value (Z;)c Value (Z;)d
Aot 0.4670 0.2263 —-0.2145 0.2380 0.0286
A 0.3477 0.1309 —-0.6045 0.1441 0.0165
Aps 0.7402 0.4426 0.6665 0.4496 0.0490
Ao 0.4758 0.2149 —-0.2612 0.2262 0.0236
Ags 0.4637 0.2248 -0.2193 0.2357 0.0242
Ape 0.6450 0.3370 0.2442 0.3468 0.0388
Aoz 0.3360 0.1415 —-0.5573 0.1534 0.0160
Aps 0.3722 0.1615 —-0.4738 0.1729 0.0180
Agg 0.6594 0.4120 0.5579 0.4227 0.0553
A1 0.8600 0.6762 1.6124 0.6807 0.0781
A1 0.7760 0.5074 0.9354 0.5152 0.0643
A1 0.6659 0.3620 0.3273 0.3713 0.0403
A1z 0.6402 0.3089 0.1103 0.3188 0.0359
Ay 0.4695 0.2046 —-0.3050 0.2161 0.0231
A1s 0.8593 0.6325 1.4071 0.6365 0.0680
Ate 0.7552 0.4300 0.6029 0.4371 0.0467
A1y 0.6945 0.3494 0.2710 0.3580 0.0385
A1s 0.6282 0.3087 0.1030 0.3183 0.0334
Ao 0.9592 0.9118 2.5934 0.9145 0.1134
Apo 0.4987 0.2259 —-0.2190 0.2366 0.0251
Apq 0.1209 0.0375 —-0.9811 0.0518 0.0055
Ay 0.4676 0.2027 —-0.3178 0.2138 0.0227
Aps 0.6530 0.3465 0.2528 0.3539 0.0367
Apy 0.3428 0.1560 —-0.5138 0.1675 0.0167
Aps 0.4076 0.1953 —-0.3511 0.2050 0.0206
A 0.0410 0.0097 —-1.0955 0.0241 0.0022
Apy 0.4928 0.2198 —0.2485 0.2305 0.0241
Agg 0.2427 0.0982 —-0.7333 0.1109 0.0114
Ao 0.0879 0.0289 -1.0158 0.0430 0.0042
Az 0.0988 0.0306 —-1.0098 0.0450 0.0046
Az 0.3188 0.1414 —0.5628 0.1530 0.0154

According to the data in Table 7, the number of interval distribution of evaluation values is
summarized; the evaluation value is divided into quinquesection intervals (i.e., the interval is divided
into 5 equal intervals), and the distribution map of the interval evaluation values is drawn in Figure 3.
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Figure 3. Distribution of the number of evaluation values in quinquesection intervals.

From Table 7 and Figure 3, it can be seen that the 31 comprehensive evaluation values calculated by
the traditional standard methods such as the min-maximum standardization, Z-score standardization,
maximum standardization, and specific gravity method standardization are concentrated on the left
side of the quinquesection intervals, and the cumulative number of evaluation values in the two
leftmost sections corresponding to the four methods are 24, 24, 24, and 26, accounting for 77.42%,
77.42%, 77.42%, 78.79% respectively of the entire evaluation sample, which deviate from the normal
distribution of the evaluation values in general. It can be seen from Figure 1 that the number of
comprehensive evaluation values calculated by the method in this paper is more in the middle and
less in the two ends, and the number of evaluation values in the quinquesection intervals is basically
normal distribution, which can provide a reasonable competitiveness evaluation language through
the interval distribution of comprehensive evaluation values, such as five intervals corresponding to
strong [0.8,1], relatively strong [0.6,0.8), general [0.4,0.6), relatively weak [0.2,0.4), and weak [0,0.2).

According to the data in Table 7, the evaluated objects are ranked. Since the evaluation index is a
positive index, the larger the evaluation value is, the stronger the regional logistics competitiveness of
the evaluated object is. The evaluation values Z; are arranged from large to small, and the ranking
diagram of regional logistics comprehensive competitiveness under each of the five methods is given
in Figure 4.

It can be seen from Figure 4 that the comprehensive evaluation value calculated based on the
minimum maximum standardization method and the maximum value standardization method is very
close, and the two lines almost coincide, indicating that the range of the original evaluation value of
the index is too large. In the data standardization, Formula (1) and Formula (6) original = original —
minimum, maximum ~ maximum — minimum; this leads to the close calculation results of the two
methods. From the perspective of the distribution interval of the comprehensive evaluation values,
the interval distribution of Z;, (Z;)a, and (Z;)c is more reasonable, and the evaluation value lies in the
interval [0,1], which reasonably reflects the gap of the evaluation objects. The interval distribution of
(Z))b and (Z;)d shows two extremes. The evaluation value of (Z;)b is in the interval [-1.1,2.6], and the
evaluation value of (Z;)d is in the interval [0,0.11]. When the interval value is magnified 100 times for
comparison, the three main intervals are [0,100], [-110,260], [0, 11], which obviously shows that the
scoring range in [-110,260] is too large; the scoring range in [0, 11] is too small, and the scoring effect
in [0,100] is relatively best. In the case of reasonable range, the comprehensive evaluation value Z;
that is calculated based on the standardization method in this paper is relatively uniform in the range,
and it is better to avoid the situation in which most of the evaluated objects have low discrimination
when the maximum value is too large. Taking the ranking calculated based on the commonly used
min-max standardization method and this method as examples, in comparing the ranking differences
caused by the two calculation methods, the ranking of the 16 evaluation objects has changed due to
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the two rankings. Taking Az and Aj4 as examples, which are ranked 5 and 6 respectively, Table 6
shows (Z14)a < (Z3)a,Z16 > Z3, which was obtained by directly normalizing the two sets of raw data
(Enclosed Table 1) and calculating the comprehensive evaluation value, then obtaining the weighted
comprehensive evaluation values of the evaluated objects A3 and A1, which are 0.8673 and 0.8876,
respectively; the results show that Aj¢ ranks higher than As. Similarly, taking A,, A7, Ays, and Az,
which are ranked 23-26, Table 7 shows (Zy4)a > (Z7)a > (Zz1)a > (Z2)a,Zy > Zpy > Z7 > Z31, and the
weighted comprehensive evaluation values of the evaluated objects Ay, A7, A4, and Asz; are 0.7617,
0.6859, 0.7235, and 0.6756, respectively. The ranking is completely consistent with the method in this
paper, which illustrates the scientificity and accuracy of the ranking results of this method. In order to
further test the sorting effect, the total amount of social logistics was introduced as reference data for
judgment. The total amount of social logistics refers to the total value of the goods flowing from the
supply place to the receiving place when entering the domestic demand field for the first time. The total
amount includes six aspects: the total amount of agricultural products logistics entering the demand
field, the total amount of industrial products logistics, the total amount of imported goods logistics,
the total amount of transferred goods logistics from other provinces and cities, the total amount of
renewable resources logistics, and the total amount of institutions and residents logistics. It can be seen
from the content of the index that the total amount of social logistics represents the situation of regional
logistics competitiveness to a certain extent. In addition, by comparing the logistics competitiveness
rankings of 31 provinces, cities, and autonomous regions in the other studies, a comparison of regional
logistics competitiveness rankings is obtained, as given in Table 8.

0.5
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Figure 4. Regional logistics comprehensive competitiveness ranking chart based on five
standardization methods.
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Table 8. Comparison of regional logistics competitiveness rankings.

Total Amount of  Ranking

Number | Peovince  SocilLogisies ineis S8 SN® S SN S
Aqg Guangdong 225,800 1 1 2 1 1 7
Ao Jiangsu 279,563 2 3 3 2 3 5
Ags Shandong 203,565 3 5 1 3 2 8
A1 Zhejiang 153,800 4 4 6 4 4 4
Ate Henan 111,395 5 12 4 6 10 13
Ags Hebei 96698.9 6 10 5 8 7 12
A1y Hubei 87,028 7 11 9 11 11 16
A1 Anhui 60089.58 8 16 12 14 17 14
Agg Shanghai Missing 9 2 10 5 8 1
Aps Sichuan 63909.5 10 13 7 9 9 24
Age Liaoning Missing 11 8 8 10 6 11
A1z Fujian 67236.21 12 9 15 13 12 9
Aig Hunan 98,480 13 14 11 12 14 19
Ao Guangxi 59,912.8 14 21 20 19 23 22
Ay Shaanxi 45315.34 15 22 18 16 15 21
Apa Shanxi 27431.1 16 18 19 20 20 17
Aw Jiangxi 55,430 17 20 17 21 25 18
Ap Chongging 32682.9 18 17 23 23 24 10
An Beijing 71,105 19 6 16 7 5 2
Ags Mi’:georha 33247.9 20 24 14 18 13 29
Aps Yunnan Missing 21 23 21 24 21 26
Aps Heilongjiang 29,500(2015) 22 15 13 17 16 25
An Tianjin Missing 23 7 25 15 18 3
Ay Guizhou Missing 24 28 26 26 26 20
Ay Jilin 41464.6(2016) 25 19 22 22 22 23
Az Xinjiang Missing 26 25 29 25 25 31
Ajg Gansu 13623.27 27 27 27 27 27 27
A Hainan 6958 28 26 28 28 29 6
Az Ningxia 6071.8 29 29 30 29 30 15
Ay Qinghai 5210.2 30 30 29 30 28 28
Agg Tibet Missing 31 31 31 31 31 30

Data source: The total social logistics data mainly refer to the 2018 China Logistics Yearbook [46] data, and the
ranking is based on the evaluation results in [29-33].

According to the ranking analysis of 31 provinces, cities, and autonomous regions, the logistics
competitiveness in the literature in Table 8, except for a few provinces that are basically the same, most
provinces’ rankings are uneven or even very different. For example, the ranking of [33] obviously
fluctuates with that of other studies. Because there are no logistics indexes in the current statistical
indexes, most evaluations use some indexes of the transportation and postal industries as replacements.
With the improvement of statistical indexes, the total social logistics of each province is gradually
used as an important statistical index of logistics. Referring to the total social logistics data of some
provinces, the ranking of this method is consistent with the total social logistics ranking. Although
Guangdong’s total social logistics is lower than Jiangsu’s, many indexes of Guangdong are significantly
higher than Jiangsu. In most papers, Guangdong’s logistics competitiveness ranks first, which is
consistent with this paper. The top 2-7 and the bottom 27-30 ranks (the total amount of social logistics
referenced by the province ranking 31st is missing) of this paper are ranked in the same order as the



Symmetry 2020, 12, 847 25 of 32

total social logistics ranking, which reflects the rationality of this index and method. Taking the ranking
of the middle cities Beijing as an example, the total amount of social logistics in Beijing in 2017 was
71,105 yuan, which was in the middle and upper reaches. By analyzing the composition of the total
amount of social logistics in Beijing in 2017, it was found that the amount of inbound goods logistics
in other provinces and cities was 3828.06 billion yuan, accounting for 53.8% of the total amount of
social logistics in Beijing, which was much higher than that in the other provinces. In addition, the
evaluation indexes of Beijing, namely the amount of highway operation truck ownership (Cy), railway
operation mileage (Cy), highway mileage (Cs), inland waterway mileage (Co), freight volume (C3),
and freight turnover (Cy4), are ranked 25, 27, 29, 28, and 29 in 31 provinces respectively. The weight
of these indexes is relatively large, and so the logistics competitiveness ranking of Beijing is greatly
affected by these indexes, which leads to its ranking in the middle and lower segments. Comparing
with the ranking of the other studies, the ranking of this paper is closer to the ranking of total social
logistics, which better reflects the level of logistics competitiveness.

According to the comprehensive evaluation value of regional logistics competitiveness, the
regional logistics competitiveness is divided into five grades: strong, relatively strong, general
medium, relatively weak, and weak; the corresponding evaluation values are located in the intervals
of [0.8,1], [0.6,0.8], [0.4,0.6], [0.2,0.4], and [0,0.2), respectively. The regional logistics competitiveness of
31 provinces in China is classified in Table 9.

Table 9. The classification of regional logistics competitiveness.

Level of Competitiveness Province

Strong Guangdong, Jiangsu, Shandong

Zhejiang, Henan, Hebei, Hubei, Anhui, Shanghai,

Relatively strong Sichuan, Liaoning, Fujian, Hunan
General Gu.ﬁnng Shaanxi, Sha?nx1, Jiangxi, Chongqing,
Beijing, Inner Mongolia, Yunnan
Relatively weak Heilongjiang, Tianjin, Guizhou, Jilin, Xinjiang, Gansu
Weak Hainan, Ningxia, Qinghai, Tibet

The size of regional logistics competitiveness is indicated in red from a dark to light shade on the
map, and the color representation diagram of regional logistics competitiveness is drawn in Figure 5.

Figure 5. The color representation of logistics competitiveness.
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According to Table 9 and Figure 5, it can be seen that the regional logistics competitiveness of each
province in China is extremely uneven, and the competitiveness obviously decreases from east to west.
The three provinces with strong regional logistics competitiveness are all in the southeast coastal areas,
and most of the provinces with weak regional logistics competitiveness are in the western inland areas.
It can be seen that the competitiveness of regional logistics is closely related to the development level
of the local economy. The regional logistics and regional economy complement each other, and so the
decision-making of the government departments should consider regional logistics elements and the
competitiveness level.

6. Conclusions and Prospection

The evaluation of regional logistics competitiveness is the premise of regional logistics scientific
decision-making. In order to improve the scientificity and rationality of the evaluation, the paper
addressed the problems of the evaluation index system of regional logistics competitiveness being
complex and scattered, the normalized distribution of evaluation data being asymmetric and seriously
deviating from the normal distribution, and the logic of calculating the index weights by the AHP
not being accurate. To do this, this paper improved and optimized multi-criteria decision-making
from three aspects: index selection, data processing, and weight calculation, all of which affect the
comprehensive evaluation of regional logistics competitiveness. In the selection of evaluation indexes,
in view of the problems of inconsistent types of indexes, subjective data, and the low correlation
between indexes and targets, based on the principles of scientificity, objectivity, relevance, and Porter’s
diamond model, a triangular model of regional logistics competitiveness was constructed. From the
perspective of a supply chain, this paper selected the three dimensions of resource supply, logistics
service, and market demand from the perspective of the supply chain to build an evaluation index
system. Finally, it determined 23 regional logistics competitiveness evaluation indexes through the
Delphi method and expert group decision-making. In terms of index data processing, based on the
symmetry theory, the traditional data normalization method was improved. By judging whether
the range of evaluation index data is too large, taking the quartile of each index as the reference
points, the segment mapping method was adopted for the evaluation data with an extremely large
range, which makes the normalized data distribution more reasonable. In terms of weight processing,
through improving the index comparison method and scale setting of the AHP, the problem of
inconsistent judgment of the logical relationship of indicators is solved, and the dynamic index
makes the weight calculation of index more scientific. The evaluation method was applied to the
comprehensive evaluation of regional logistics competitiveness of 31 provinces in China, and the
evaluation results were obtained and ranked. Comparing and analyzing the evaluation value obtained
by this method with the evaluation value calculated by other data standardization methods, it was
found that this method can make the standardized data distribution closer to the normal distribution
when the data range of evaluation index is too large. Through comparing the ranking of the evaluated
objects, the necessity of improving the data normalization was proven, and the scientificity and
accuracy of the evaluation was improved. At the same time, the total amount of social logistics was
introduced as the reference data for a comparative analysis; it was found that the ranking of regional
logistics competitiveness is highly consistent with the total social logistics, and the research shows
that the total amount of regional logistics has an important reference value for the competitiveness of
regional logistics.

The improved data standardization method can be extended to big data processing in the other
fields when the range is too large, which can reduce the influence of the maximum value on the data
distribution and improve the comparison discrimination. If the method in this paper is applied to
the field of artificial intelligence, the accuracy of machine recognition and judgment can be improved.
The triangle model in this paper can be used for a comprehensive evaluation of enterprises and
industries, which helps decision makers quickly establish a core evaluation index system from the
perspective of the supply chain. The data in this paper uses absolute indexes uniformly to avoid
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the logical problems caused by the weighted calculation of different attribute data. However, the
selection of evaluation indicators in this paper has certain types of limitations. In order to make a more
comprehensive evaluation of regional logistics competitiveness, it is also necessary to consider the
other types of index data, such as average rate and growth rate, and to study the coupling relationship
between different types of indexes. In this paper, only 2017 data were used to evaluate the regional
logistics competitiveness. However, regional logistics competitiveness is dynamic. The dynamic
evaluation can more comprehensively reflect the development of regional logistics competitiveness,
and so the dynamic evaluation of regional logistics competitiveness is a direction to be considered
based on panel data. The development of inter-regional logistics industry is not independent because
there is a spatial spillover effect or spatial expansion between regions, and there is spatial correlation.
The impact of spatial dimension index on regional logistics competitiveness may also be a research
innovation, which needs further research. These issues need to be further studied in the future.
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Appendix A
Table A1. Statistical table of original data of evaluation index.

Province Serial Number C1 c2 C3 Cc4 C5 Ceé c7 C8 9 C10 C11 C12 C13 C14 C15 Cl6 Cc17 C18 C19 C20 C21 Cc22 Cc23
Beijing Al 14913  57.69 29.59 13.33 1129.11 18.71 0.13 222 0 565619 5106 1208.4 20110 958.42 2274521  419.32 28014.94 115754 16842.14 52999.9 81134 18385.7 121618473
Tianjin A2 19379 14.54 4.99 4.54 537.02 18.45 0.11 1.65 0.01 117486 2084 780.4 51800 2169.54 50199.02 106.13 18549.19 5729.7 8424.17  27911.6 2291.7 2629.4 121694799
Hebei A3 27657 2427 36.98 16.64 213545 144.02 0.72 19.17 0 203289 7014 2497.88 228854 13381.59 119389.3  269.04 34016.32 15907.6  16055.7 72114 3101.8 2441.1 81535443
Shanxi A4 14827 2345 24.54 16.85 425.47 57.41 0.53 1429  0.05 89303 6596 1052.14 189516  4185.03  24359.07 7242 1552842 6918.1 8756.37 73423 22475 864.3 20787577

Inner Mongolia A5 9938 21.1 16.93 13.59 1180.18 31.92 127 1994 024 282129 4605 1050.02 213318 5146.76  11035.31 34.32 16096.21  7160.2 8463.4 2848.6 1350.9 17255 15893414
Liaoning A6 20100 35.55 48.2 32.17 602.01 76.39 0.59 1227 0.04 298684 7125 1310.02 216135 12757.2 5143446 127.24 23409.24 13807.2 13777.3 13370.3 3184.8 2601.5 112533837
Jilin A7 5938 16.25 42.58 18.02 1211.74 321 0.5 1039  0.15 183551 4711 603.12 49903 1634.65 17569.4 57.79 14944.53 7855.8 5799.91 2021 1972.2 538 19792923
Heilongjiang A8 9726 27 9.85 8.91 1200.54  48.26 0.62 16.6 0.51 177532 5818 801.33 56398 1657.69  23185.63 79.42 15902.68  9099.2 10122.51  3012.8 1658.5 673.7 16706937

Shanghai A9 17210 51.14 42.46 21.92 960.28 21.23 0.05 1.33 0.21 189648 16374 134454 96850 24998.71 311503.7 711.87 30632.99 11830.3 17550.97 87903 7437.3 15342.3 447349338
Jiangsu Al10 63567 48.13  81.87 63.07 2890.99 80.85 0.28 1585 244 539417 15190 3097.67 220532 9057.6  359627.8 880.93  85869.76 317374 43020.75 43334.1 11200.8 6576.6 636491742

Zhejiang All 31988 31.78  46.08 315 2967.46 3445 0.26 12.01 098 758228 26487 1938.17 242504 10106.23 793231.1 1728.41 51768.26 24308.5 2547895 48203.2 8398.9 6831.3 383972917
Anhui Al2 23453 2421 24.1 17.61 1667.8 66.17 0.43 20.33  0.56 185191 10652 875.38 403426 11429.77 86332.31 247.98 27018 11192.6  13498.86 7387 4104.5 3299.5 50986811
Fujian Al13 19128  23.92 2223 17.6 2808.88 2422 0.32 10.8 0.32 456716 9308 1889.69 132227 6779.76  166110.7 392.86 32182.09 13013 1315091 22784 5772.9 2872.8 153077460
Jiangxi Al4 17798  20.55 25.31 11.94 734.6 33.04 043 16.23  0.56 90254 10238 866.3 154437  4217.34 4375446 129.65 20006.31 7448.1 10223.22  3075.3 1784.8 2871 36920040

Shandong Al5 52752  47.69  63.15 20.42 3955 106.69  0.57 27.06 0.11 452268 14936 3268.01 327006 9719.46 1514746 392.88 72634.15 33649 35185.91 24025.2 8918.8 13893 316287087
Henan Al6 18979 4517 22.74 16.93 2498.51 98.18 0.54 2678 0.14 425176 12150  2162.85 230114 8228.7 107377.6  332.71 44552.83 19666.8 23129.62 10126.8 5157.3 4407.4 81368935
Hubei Al17 25551 35.37 46.72 19.99 2939.88 34.34 0.42 2695 0.84 199008 14222 1420.01 188107 6344.76 1012779 265.74 35478.09 17394.1 17171.77 11901.2 5897.8 4411.3 46200729
Hunan Al18 13482 2345 17.49 10.8 2104.35 29.25 0.47 2397 115 170706 9810 1496.01 225551 4300.74 59181.6 192.64 3390296 148549 1807598 5491.7 4965.3 2682.7 30007933

Guangdong A19 49662  83.33 67.54 58.55 3759.6 67.83 0.42 2196 121 2009200 24234 3580.94 392381 27919.79 1013468 2526.29 89705.23 38200.1 4512895 69501.4 129344 231915 1113658915

Guangxi A20 12514 19.02 2433 16.48  2005.63  50.46 0.52 1233 057 263994 7631 955.7 174642  4613.32 31750.29 88.04 18523.26 7813 10505.44 5501.1 1929.6 971 52599526

Hainan A21 2070 7.07 8.33 7.44 486.03 6.3 0.1 3.07 0.03 86508 1714 248.94 21351 864.26  5915.77 19 4462.54 1618.8 2781.82 1765.9 587.5 563.9 13650343
Chongqing A22 11134  27.01 23.53 19.74 1954.8 29.52 0.22 1479 044 136593 6583 939.46 115536  3374.34 328749 99.95 19424.73  8067.7 9290.6 81434 3534.5 3572.2 56569753

Sichuan A23 13760  38.91 17.15 10.39 449262 55.09 0.48 33 1.08 291551 18962 1595.8 172922 2696.17 1107959 269.26  36980.22 17480.5 19365.69 8211.5 5491.3 3687.8 66617526

Guizhou A24 7698 12.17 10.07 413 2334.31 18.54 0.33 19.44 037 148484 8047 1070.22 96242 1656.48 15781.9 53.23 13540.83 4154 7506.42 3808.3 2092.8 14343 8120551
Yunnan A25 11046 17.86 13.05 8.37 3741.71 60.35 0.37 2425 04 290966 7970 366.59 129298 182496  22775.76 66.24 16376.34  6423.1 10506.05 6853.2 24725 13294 21386788
Tibet A26 351 0.89 1.21 1.07 581.72 571 0.08 8.93 0 64694 1073 34.08 2203 136.3 567.51 3.44 1310.92 523.3 1045.14 108.7 140 77.6 610145
Shaanxi A27 10723  27.96 14.13 12.74 1891.16 39.14 0.5 1744  0.11 169302 8466 832.62 163079 3760.64 45750.65 116.31 21898.81 8236.4 9675.25 9129.2 3726.9 1213.7 40556810
Gansu A28 3916 13.3 7.32 2.96 956.64 30.51 0.47 1423  0.09 188054 4863 293.5 66204 2439.66  7201.68 26.74 7459.9 3426.6 5148.33 3525.2 913.1 412.6 5000606

Qinghai A29 1952 4.69 434 4.01 730.46 7.95 0.23 8.09 0.07 86279 970 103.69 17923 519.46 1449.71 6.01 2624.83 839 1815.42 1012.1 233 133 450252

Ningxia A30 2320 3.75 3 212 330.08 9.6 0.14 3.46 0.01 56489 1319 199.31 38187 753.72 372147 15.32 3443.56 930.4 2113.16 1210.4 330 2495 4329191

Xinjiang A31 7462 16.69 8.79 8.29 1978.5 31.94 0.59 18.53 0 208349 3767 668.15 84395 2176.35 9042.35 32.52 10881.96  3044.6 7272.1 7376.1 1140.1 597 30387470
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Table A2. Evaluation value after normalization of original data.

29 of 32

C1 C2 C3 C4 C5 Coé Cc7 C8 c9 [C10 | C11 | C12 | C13 | C14 | C15 | C16 | C17 | C18 | C19 | C20 | C21 | C22 | C23
Al | 055 | 087 | 0.60 | 049 | 032 | 0.28 | 0.15 | 0.07 | 0.00 | 0.79 | 033 | 0.58 | 0.08 | 0.14 | 0.78 | 0.76 | 0.64 | 062 | 0.73 | 0.88 | 0.83 | 0.94 | 0.75
A2 | 073 | 030 | 013 | 0.17 | 0.16 | 028 | 0.13 | 0.05 | 0.06 | 031 | 0.14 | 037 | 021 | 0.29 | 0.52 | 046 | 046 | 035 | 040 | 0.79 | 0.37 | 0.50 | 0.75
A3 | 080 | 051 | 071 | 0.64 | 058 | 1.00 | 0.82 | 0.69 | 0.00 | 0.53 | 0.46 | 0.87 | 0.76 | 0.81 | 0.75 | 0.71 | 0.75 | 0.76 | 0.70 | 0.49 | 0.50 | 0.48 | 0.62
A4 | 054 | 049 | 053 | 0.65 | 0.13 | 0.74 | 0.75 | 045 | 0.26 | 0.24 | 0.43 | 0.50 | 0.64 | 050 | 0.32 | 0.32 | 0.39 | 042 | 042 | 050 | 0.36 | 0.26 | 0.27
A5 | 036 | 044 | 039 | 050 | 0.33 | 048 | 1.00 | 0.74 | 0.52 | 0.72 | 0.30 | 0.50 | 0.73 | 0.55 | 0.17 | 0.15 | 040 | 043 | 040 | 022 | 0.22 | 0.38 | 0.22
A6 | 075 | 0.75 | 0.80 | 0.83 | 0.18 | 0.80 | 0.77 | 039 | 0.22 | 0.75 | 047 | 0.63 | 0.74 | 0.80 | 0.52 | 0.51 | 0.56 | 0.69 | 0.62 | 0.64 | 0.51 | 0.50 | 0.73
A7 | 022 | 034 | 077 | 071 | 0.34 | 049 | 068 | 0.33 | 041 | 048 | 031 | 029 | 020 | 0.23 | 0.26 | 0.26 | 0.37 | 048 | 028 | 0.15 | 0.32 | 0.17 | 0.26
A8 | 035 | 057 | 025 | 033 | 0.33 | 0.65 | 0.78 | 0.54 | 0.71 | 0.47 | 0.38 | 0.38 | 0.23 | 0.24 | 031 | 0.35 | 040 | 0.53 | 048 | 023 | 0.27 | 0.22 | 0.23
A9 | 064 | 083 | 0.77 | 0.77 | 0.28 | 0.32 | 0.06 | 0.04 | 0.50 | 0.50 | 0.83 | 0.65 | 0.35 | 0.96 | 0.80 | 0.80 | 0.69 | 0.63 | 0.75 | 1.00 | 0.81 | 0.90 | 0.83
A10 | 1.00 | 0.82 | 1.00 | 1.00 | 0.78 | 0.81 | 0.33 | 0.50 | 1.00 | 0.79 | 0.81 | 094 | 0.75 | 0.76 | 0.82 | 0.82 | 0.98 | 093 | 098 | 0.84 | 0.94 | 0.78 | 0.88
All | 082 | 067 | 079 | 0.82 | 0.79 | 0.51 | 0.30 | 0.38 | 0.81 | 0.82 | 1.00 | 0.80 | 0.78 | 0.77 | 094 | 091 | 0.83 | 0.85 | 0.82 | 0.86 | 0.84 | 0.79 | 0.82
Al2 | 077 | 051 | 052 | 0.69 | 045 | 0.77 | 050 | 0.75 | 0.75 | 049 | 0.70 | 042 | 1.00 | 0.79 | 0.65 | 0.68 | 0.63 | 0.60 | 0.61 | 0.50 | 0.60 | 0.62 | 0.52
Al13 | 072 | 050 | 049 | 069 | 0.77 | 037 | 0.37 | 0.34 | 058 | 0.77 | 0.61 | 0.79 | 0.44 | 0.65 | 0.76 | 0.76 | 0.72 | 0.67 | 0.60 | 0.77 | 0.75 | 0.55 | 0.76
Al4 | 067 | 043 | 054 | 0.44 | 022 | 050 | 050 | 0.52 | 0.75 | 0.24 | 0.67 | 0.41 | 0.50 | 0.50 | 0.48 | 0.52 | 0.50 | 045 | 049 | 023 | 0.29 | 0.55 | 0.42
Al5 | 094 | 0.81 | 0.89 | 0.76 | 093 | 0.89 | 0.77 | 0.88 | 0.35 | 0.77 | 0.81 | 0.96 | 0.90 | 0.76 | 0.76 | 0.76 | 0.92 | 095 | 091 | 0.77 | 0.86 | 0.88 | 0.80
Al6 | 072 | 0.80 | 050 | 0.66 | 0.70 | 0.87 | 0.76 | 0.88 | 0.39 | 0.77 | 0.76 | 0.83 | 0.77 | 0.73 | 0.72 | 0.75 | 0.80 | 0.80 | 0.80 | 0.56 | 0.70 | 0.75 | 0.62
Al7 | 078 | 075 | 0.79 | 0.76 | 0.79 | 0.51 | 049 | 0.88 | 0.79 | 0.52 | 0.80 | 0.69 | 0.63 | 0.62 | 0.70 | 0.70 | 0.76 | 0.77 | 0.74 | 0.61 | 0.76 | 0.75 | 0.50
Al18 | 049 | 049 | 040 | 040 | 0.57 | 0.44 | 061 | 0.82 | 0.83 | 045 | 0.64 | 0.72 | 0.76 | 0.51 | 0.55 | 0.60 | 0.75 | 0.73 | 0.76 | 0.38 | 0.68 | 0.51 | 0.36
A19 | 092 | 1.00 | 092 | 097 | 090 | 0.78 | 049 | 0.79 | 0.84 | 1.00 | 0.96 | 1.00 | 0.99 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.93 | 1.00 | 1.00 | 1.00
A20 | 045 | 040 | 052 | 0.64 | 0.54 | 0.67 | 0.74 | 0.39 | 0.75 | 0.68 | 0.50 | 0.46 | 0.58 | 0.52 | 0.38 | 0.38 | 0.46 | 0.47 | 0.50 | 0.38 | 0.31 | 0.28 | 0.52
A21 | 0.08 | 0.15 | 0.21 | 0.27 | 0.14 | 0.10 | 0.12 | 0.10 | 017 | 0.23 | O0.11 | 0.12 | 0.09 | 0.12 | 0.09 | 0.09 | 0.11 | 0.10 | 0.13 | 0.13 | 0.09 | 0.18 | 0.19
A22 | 040 | 057 | 051 | 0.75 | 0.52 | 045 | 0.26 | 047 | 0.66 | 036 | 043 | 045 | 040 | 042 | 039 | 043 | 049 | 049 | 044 | 052 | 0.54 | 0.67 | 0.54
A23 | 050 | 0.77 | 039 | 038 | 1.00 | 0.71 | 0.63 | 1.00 | 0.82 | 0.74 | 0.88 | 0.76 | 0.57 | 0.35 | 0.73 | 0.71 | 0.76 | 0.77 | 0.77 | 0.52 | 0.74 | 0.69 | 0.57
A24 | 028 | 025 | 025 | 0.15 | 0.65 | 0.28 | 0.38 | 0.71 | 0.61 | 0.39 | 0.53 | 0.51 | 0.34 | 024 | 024 | 024 | 0.34 | 025 | 036 | 028 | 0.34 | 0.34 | 0.11
A25 | 040 | 037 | 031 | 031 | 090 | 0.75 | 043 | 0.83 | 0.64 | 0.74 | 052 | 0.17 | 043 | 026 | 0.30 | 0.29 | 0.41 | 0.39 | 0.50 | 0.47 | 040 | 0.33 | 0.28
A26 | 0.01 | 0.02 | 0.03 | 0.04 | 017 | 0.09 | 0.09 | 0.28 | 0.00 | 0.17 | 0.07 | 0.02 | 0.01 | 0.02 | 0.01 | 0.02 | 0.03 | 0.03 | 0.05 | 0.01 | 0.02 | 0.03 | 0.01
A27 | 039 | 059 | 033 | 0.47 | 0.50 | 0.56 | 0.68 | 0.59 | 0.35 | 0.45 | 0.56 | 0.40 | 0.53 | 046 | 0.50 | 0.50 | 0.53 | 0.50 | 0.46 | 0.54 | 0.56 | 0.31 | 0.45
A28 | 0.14 | 028 | 0.18 | 0.11 | 028 | 0.46 | 0.61 | 045 | 032 | 050 | 0.32 | 0.14 | 0.26 | 032 | 0.11 | 0.12 | 019 | 0.21 | 0.25 | 0.26 | 0.15 | 0.13 | 0.07
A29 | 007 | 010 | 011 | 0.15 | 0.22 | 0.12 | 0.27 | 0.26 | 0.29 | 0.23 | 0.06 | 0.05 | 0.07 | 0.07 | 0.02 | 0.03 | 0.07 | 0.05 | 0.09 | 0.08 | 0.04 | 0.04 | 0.01
A30 | 0.08 | 0.08 | 0.08 | 0.08 | 0.10 | 0.15 | 0.16 | 0.11 | 0.06 | 0.15 | 0.09 | 0.09 | 0.16 | 0.11 | 0.06 | 0.07 | 0.09 | 0.06 | 0.10 | 0.09 | 0.05 | 0.08 | 0.06
A31 | 027 | 035 | 022 | 0.31 | 0.53 | 048 | 0.77 | 0.66 | 0.00 | 0.54 | 0.25 | 0.32 | 0.31 | 0.29 | 0.14 | 0.15 | 027 | 0.18 | 0.35 | 0.50 | 0.18 | 0.19 | 0.36
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Table A3. Weighted evaluation value of evaluation index.

30 of 32

C1 C2 C3 C4 C5 Cé C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23
A1 | 0.0099 | 0.0094 | 0.0141 | 0.0190 | 0.0089 | 0.0176 | 0.0022 | 0.0023 | 0.0000 | 0.0033 | 0.0014 | 0.0633 | 0.0074 | 0.0205 | 0.0243 | 0.0308 | 0.1104 | 0.0181 | 0.0365 | 0.0305 | 0.0291 | 0.0052 | 0.0030
A2 | 0.0132 | 0.0033 | 0.0029 | 0.0065 | 0.0044 | 0.0173 | 0.0019 | 0.0017 | 0.0008 | 0.0013 | 0.0006 | 0.0406 | 0.0190 | 0.0438 | 0.0160 | 0.0185 | 0.0796 | 0.0102 | 0.0200 | 0.0274 | 0.0129 | 0.0028 | 0.0030
A3 | 0.0143 | 0.0055 | 0.0166 | 0.0249 | 0.0162 | 0.0621 | 0.0120 | 0.0223 | 0.0000 | 0.0022 | 0.0019 | 0.0947 | 0.0689 | 0.1211 | 0.0233 | 0.0286 | 0.1287 | 0.0221 | 0.0350 | 0.0171 | 0.0174 | 0.0027 | 0.0025
A4 | 0.0098 | 0.0053 | 0.0123 | 0.0253 | 0.0035 | 0.0457 | 0.0110 | 0.0145 | 0.0038 | 0.0010 | 0.0018 | 0.0547 | 0.0574 | 0.0746 | 0.0098 | 0.0129 | 0.0666 | 0.0123 | 0.0208 | 0.0174 | 0.0126 | 0.0015 | 0.0011
A5 | 0.0065 | 0.0048 | 0.0090 | 0.0194 | 0.0092 | 0.0300 | 0.0147 | 0.0238 | 0.0077 | 0.0030 | 0.0013 | 0.0546 | 0.0658 | 0.0826 | 0.0051 | 0.0062 | 0.0690 | 0.0127 | 0.0201 | 0.0075 | 0.0076 | 0.0021 | 0.0009
A6 | 0.0135 | 0.0081 | 0.0187 | 0.0319 | 0.0050 | 0.0498 | 0.0113 | 0.0125 | 0.0033 | 0.0032 | 0.0020 | 0.0689 | 0.0668 | 0.1198 | 0.0162 | 0.0208 | 0.0963 | 0.0204 | 0.0309 | 0.0223 | 0.0177 | 0.0028 | 0.0029
A7 | 0.0039 | 0.0037 | 0.0179 | 0.0275 | 0.0094 | 0.0302 | 0.0101 | 0.0106 | 0.0060 | 0.0020 | 0.0013 | 0.0314 | 0.0183 | 0.0350 | 0.0080 | 0.0105 | 0.0641 | 0.0140 | 0.0138 | 0.0053 | 0.0111 | 0.0010 | 0.0010
A8 | 0.0064 | 0.0061 | 0.0058 | 0.0127 | 0.0093 | 0.0402 | 0.0115 | 0.0175 | 0.0105 | 0.0020 | 0.0016 | 0.0417 | 0.0207 | 0.0355 | 0.0095 | 0.0141 | 0.0682 | 0.0155 | 0.0240 | 0.0080 | 0.0093 | 0.0012 | 0.0009
A9 | 0.0116 | 0.0090 | 0.0179 | 0.0297 | 0.0077 | 0.0200 | 0.0009 | 0.0014 | 0.0074 | 0.0021 | 0.0035 | 0.0708 | 0.0311 | 0.1435 | 0.0250 | 0.0322 | 0.1185 | 0.0183 | 0.0375 | 0.0348 | 0.0283 | 0.0050 | 0.0033
A10 | 0.0180 | 0.0088 | 0.0234 | 0.0387 | 0.0218 | 0.0506 | 0.0048 | 0.0161 | 0.0147 | 0.0033 | 0.0034 | 0.1027 | 0.0679 | 0.1127 | 0.0254 | 0.0329 | 0.1686 | 0.0272 | 0.0489 | 0.0293 | 0.0328 | 0.0043 | 0.0035
All | 0.0148 | 0.0072 | 0.0184 | 0.0318 | 0.0221 | 0.0319 | 0.0044 | 0.0122 | 0.0118 | 0.0034 | 0.0042 | 0.0872 | 0.0705 | 0.1147 | 0.0292 | 0.0368 | 0.1424 | 0.0248 | 0.0411 | 0.0299 | 0.0294 | 0.0044 | 0.0032
Al12 | 0.0139 | 0.0055 | 0.0122 | 0.0267 | 0.0125 | 0.0479 | 0.0074 | 0.0243 | 0.0110 | 0.0021 | 0.0029 | 0.0455 | 0.0901 | 0.1173 | 0.0201 | 0.0274 | 0.1074 | 0.0177 | 0.0304 | 0.0174 | 0.0209 | 0.0034 | 0.0020
A13 | 0.0130 | 0.0054 | 0.0115 | 0.0267 | 0.0215 | 0.0228 | 0.0055 | 0.0110 | 0.0085 | 0.0032 | 0.0026 | 0.0865 | 0.0397 | 0.0963 | 0.0238 | 0.0307 | 0.1232 | 0.0195 | 0.0298 | 0.0267 | 0.0263 | 0.0030 | 0.0030
Al4 | 0.0120 | 0.0046 | 0.0126 | 0.0170 | 0.0061 | 0.0311 | 0.0074 | 0.0168 | 0.0110 | 0.0010 | 0.0028 | 0.0450 | 0.0451 | 0.0749 | 0.0150 | 0.0209 | 0.0858 | 0.0132 | 0.0243 | 0.0081 | 0.0100 | 0.0030 | 0.0017
Al15 | 0.0169 | 0.0088 | 0.0208 | 0.0294 | 0.0259 | 0.0553 | 0.0112 | 0.0285 | 0.0051 | 0.0032 | 0.0034 | 0.1050 | 0.0808 | 0.1140 | 0.0236 | 0.0307 | 0.1585 | 0.0278 | 0.0454 | 0.0269 | 0.0301 | 0.0049 | 0.0032
A16 | 0.0129 | 0.0086 | 0.0117 | 0.0255 | 0.0195 | 0.0537 | 0.0111 | 0.0283 | 0.0058 | 0.0032 | 0.0032 | 0.0902 | 0.0690 | 0.1084 | 0.0224 | 0.0304 | 0.1369 | 0.0234 | 0.0400 | 0.0197 | 0.0245 | 0.0042 | 0.0025
A17 | 0.0141 | 0.0081 | 0.0185 | 0.0293 | 0.0220 | 0.0318 | 0.0072 | 0.0284 | 0.0116 | 0.0022 | 0.0033 | 0.0750 | 0.0569 | 0.0927 | 0.0218 | 0.0284 | 0.1299 | 0.0226 | 0.0371 | 0.0211 | 0.0265 | 0.0042 | 0.0020
A18 | 0.0088 | 0.0053 | 0.0093 | 0.0154 | 0.0159 | 0.0275 | 0.0089 | 0.0265 | 0.0122 | 0.0019 | 0.0027 | 0.0792 | 0.0685 | 0.0756 | 0.0170 | 0.0244 | 0.1285 | 0.0214 | 0.0377 | 0.0134 | 0.0238 | 0.0028 | 0.0014
A19 | 0.0166 | 0.0108 | 0.0214 | 0.0377 | 0.0251 | 0.0482 | 0.0072 | 0.0253 | 0.0123 | 0.0042 | 0.0040 | 0.1092 | 0.0888 | 0.1492 | 0.0311 | 0.0404 | 0.1716 | 0.0293 | 0.0499 | 0.0326 | 0.0348 | 0.0055 | 0.0040
A20 | 0.0082 | 0.0043 | 0.0122 | 0.0246 | 0.0150 | 0.0415 | 0.0108 | 0.0125 | 0.0110 | 0.0028 | 0.0021 | 0.0497 | 0.0522 | 0.0782 | 0.0118 | 0.0155 | 0.0794 | 0.0139 | 0.0249 | 0.0134 | 0.0108 | 0.0015 | 0.0021
A21 | 0.0014 | 0.0016 | 0.0049 | 0.0106 | 0.0040 | 0.0059 | 0.0017 | 0.0031 | 0.0025 | 0.0010 | 0.0005 | 0.0129 | 0.0078 | 0.0185 | 0.0028 | 0.0035 | 0.0191 | 0.0029 | 0.0066 | 0.0047 | 0.0033 | 0.0010 | 0.0007
A22 | 0.0073 | 0.0061 | 0.0120 | 0.0292 | 0.0145 | 0.0277 | 0.0038 | 0.0150 | 0.0098 | 0.0015 | 0.0018 | 0.0489 | 0.0357 | 0.0622 | 0.0121 | 0.0175 | 0.0833 | 0.0144 | 0.0221 | 0.0180 | 0.0189 | 0.0037 | 0.0021
A23 | 0.0090 | 0.0083 | 0.0091 | 0.0148 | 0.0279 | 0.0443 | 0.0093 | 0.0322 | 0.0120 | 0.0031 | 0.0037 | 0.0826 | 0.0516 | 0.0519 | 0.0228 | 0.0286 | 0.1310 | 0.0227 | 0.0383 | 0.0181 | 0.0257 | 0.0038 | 0.0023
A24 | 0.0050 | 0.0027 | 0.0059 | 0.0059 | 0.0180 | 0.0174 | 0.0056 | 0.0228 | 0.0090 | 0.0016 | 0.0022 | 0.0557 | 0.0310 | 0.0355 | 0.0074 | 0.0097 | 0.0581 | 0.0074 | 0.0178 | 0.0098 | 0.0118 | 0.0019 | 0.0004
A25 | 0.0072 | 0.0040 | 0.0073 | 0.0119 | 0.0251 | 0.0468 | 0.0063 | 0.0267 | 0.0093 | 0.0031 | 0.0022 | 0.0191 | 0.0390 | 0.0386 | 0.0094 | 0.0119 | 0.0702 | 0.0114 | 0.0249 | 0.0163 | 0.0139 | 0.0018 | 0.0011
A26 | 0.0002 | 0.0002 | 0.0007 | 0.0015 | 0.0048 | 0.0054 | 0.0014 | 0.0091 | 0.0000 | 0.0007 | 0.0003 | 0.0018 | 0.0008 | 0.0029 | 0.0003 | 0.0006 | 0.0056 | 0.0009 | 0.0025 | 0.0003 | 0.0008 | 0.0001 | 0.0000
A27 | 0.0070 | 0.0063 | 0.0078 | 0.0181 | 0.0140 | 0.0347 | 0.0101 | 0.0191 | 0.0051 | 0.0019 | 0.0023 | 0.0433 | 0.0481 | 0.0681 | 0.0155 | 0.0202 | 0.0916 | 0.0147 | 0.0230 | 0.0189 | 0.0196 | 0.0017 | 0.0018
A28 | 0.0026 | 0.0030 | 0.0043 | 0.0042 | 0.0077 | 0.0287 | 0.0089 | 0.0145 | 0.0047 | 0.0021 | 0.0013 | 0.0153 | 0.0237 | 0.0480 | 0.0034 | 0.0049 | 0.0320 | 0.0061 | 0.0122 | 0.0092 | 0.0051 | 0.0007 | 0.0003
A29 | 0.0013 | 0.0011 | 0.0025 | 0.0057 | 0.0060 | 0.0075 | 0.0039 | 0.0082 | 0.0042 | 0.0010 | 0.0003 | 0.0054 | 0.0066 | 0.0111 | 0.0007 | 0.0011 | 0.0113 | 0.0015 | 0.0043 | 0.0027 | 0.0013 | 0.0002 | 0.0000
A30 | 0.0015 | 0.0008 | 0.0018 | 0.0030 | 0.0027 | 0.0090 | 0.0024 | 0.0035 | 0.0008 | 0.0006 | 0.0004 | 0.0104 | 0.0140 | 0.0161 | 0.0017 | 0.0028 | 0.0148 | 0.0017 | 0.0050 | 0.0032 | 0.0019 | 0.0004 | 0.0002
A31 | 0.0049 | 0.0038 | 0.0052 | 0.0118 | 0.0147 | 0.0300 | 0.0113 | 0.0211 | 0.0000 | 0.0023 | 0.0010 | 0.0347 | 0.0281 | 0.0439 | 0.0042 | 0.0059 | 0.0467 | 0.0054 | 0.0173 | 0.0174 | 0.0064 | 0.0011 | 0.0014
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