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ABSTRACT
Taking the main urban area of Chongqing as the research area, this paper combines the content
of urban green transportation and sustainable development, characteristics of mountain cities and
factors affecting green transportation. The relevant indexes of urban green traffic evaluation index
system are screened by taking into account the availability of each indicator data, while a compre-
hensive evaluation index system of green traffic suitable for mountain cities is established. Analytic
Hierarchy Process (AHP) and Information Entropy Method are used to determine the weight of each
factor and the combination weight of each index in the urban traffic green evaluation index system.
Then, the weights of the evaluation factors and indicators are combined and empowered. Combin-
ing ArcGIS software with evaluationmodel, data collection and evaluation of green traffic indicators
are carried out in nine districts of Chongqing. Finally, suggestions and improvement measures are
put forward to promote the development of green traffic in Chongqing.
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1. Introduction

Since the twenty-first century, ecological and environ-
mental problems, such as global warming, carbon imbal-
ance, loss of biodiversity, energy shortage and environ-
mental degradation, have been worse, and sustainable
urban development has become one of the global chal-
lenges. In September 2015, 193 UN members formally
adopted the document ‘Changing Our World: the 2030
Sustainable Development Agenda ’at the Sustainable
Development Summit (Dong & Zhang, 2016). Transporta-
tion, an indispensable part of human society,makes great
contributions to urban development. However, wide use
of automobiles arises a series of environmental resources
problems. As a new concept, green transportation aims at
sustainable development, and has a positive influence on
solving traffic congestion, exhaust pollution, noise pollu-
tion and parking difficulties, as well as realizing the har-
monious development of economy, society and environ-
ment (Beevers&Carslaw, 2005;Dincer, 2000;Wang, 2006).
Many scholars introduced the conception of sustainable
development proposed in 1987 into the development
of transportation system, which called urban traffic sus-
tainable development theory (He, 2009; Peter & Ken-
worthy, 1999). Johansson, Heldt, and Johansson (2006)
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found that small pollution, safety, comfort, convenience
and high accessibility were several chief considerations
when people chose theway of travel. Peng et al. summed
up 10 principles to promote urban green transportation
development (Peng & Zhang, 2018). Amekudzi, Khisty,
and Khayesi (2009) evaluated the existing problems and
improvement measures of the transportation system by
selecting typical indicators of the green transportation
system (Amekudzi et al., 2009). Based on the theory of
sustainable development, Du et al. discussed the inter-
action between transportation, the natural environment
and social environment (Du & Zhou, 2005). Jiang estab-
lished a green traffic evaluation index system which was
evaluated by value function method, and the feasibil-
ity and importance of this system was illustrated by a
series of examples (Jiang, He, & Guo, 2008). Wang intro-
duced the application of Analytic Hierarchy Process (AHP)
into the evaluation system of sustainable transportation
system, and made a comprehensive evaluation of urban
transportation system (Wang, 2011). Based on sustain-
able development theory, this papers to investigate the
comprehensive evaluation of green traffic in Chongqing
main urban area. The evaluation index system of urban
traffic system in mountain area is constructed, and data
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collection and evaluation of green traffic index in nine
districts of Chongqing are carried out by using ArcGIS
software and evaluation model.

2. General situation of research area

Chongqing, the largest municipality with 824,000 km2 in
China, is in the core area of the upper Yangtze River eco-
nomicbelt. Themain city is 562 km2, and theurban terrain
fluctuates greatly.

The main urban area of Chongqing consists of all
administrative areas of Yuzhong District, Jiangbei Dis-
trict, Yubei District, Shapingba District, Jiulongpo Dis-
trict, Nanan District, Dadukou District, Beibei District and
Banan District (as shown in Figure 1). The urban area is
separated by two rivers withmore than 20 km river shore-
line in the urban area, and is divided by 14 districts to
form a cluster development urban pattern. The Urban
Master Plan of Chongqing (2005–2020) determines that
the pattern of ‘multi-center group’ is the development

Figure 1. Distribution of nine districts in the main city of Chongqing.
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strategy of urban spatial structure, and which has been
adhered to and highly evaluated. Convenient transporta-
tion is necessary for urban development. Chongqing is
the typical mountain city, and the development of trans-
portation changes dramatically since it directly affiliate
to Chongqing. Chongqing’s traffic construction hasmade
great achievements in the past years, but is still face
one of the main problems that 90% of the terrain is hills
/mountains (He, 2012). In Chongqing, the construction
cost of road and bridge in Chongqing is much higher
than that in other cities because roads are generally built
on mountains. As a result, the traffic is still the bottle-
neck restricting the economic and social development of
Chongqing.

In recent years, with the rapid development of
Chongqing, the number of residents has been increasing
and the proportion of public transport in trips is obvi-
ously lower than that of private cars. As the construction
of transportation infrastructure is still in progress, traf-
fic construction in Chongqing has been steadily inten-
sified, and public transport services have been steadily
upgraded. However, the urban traffic currently faces
enormous challenges due to the rapid growth of car
ownership (Chongqing Transport Planning and Research
Institute, 2014–2017).

3. Selection of green transportation evaluation
index and establishment of index system

With the introduction of green transportation concept
into China, experts, scholars and government depart-
ments in various fields advocates green traffic construc-
tion in cities. A series of green traffic evaluation indica-
tors are put forward, which contributed positively to the
improvement of the evaluation index system of green
traffic (Liu, 2014).

Mountainous cities have different characteristics from
plain cities, and many factors affect the transportation
system of mountainous cities. Therefore, it is necessary
to select representative indicators from these factors. To
establish an evaluation index system for evaluating the
green transportation of mountainous cities comprehen-
sively, the selected indicators need to be made moder-
ately difficult and easy to operate.

Comprehensive evaluation index architecture consists
of a single index, linear or tower structure. The tower
structure is suitable for the analysis of multi-factor sys-
tems. Therefore, this study uses tower structure to con-
struct the evaluation index system of green traffic in
mountainous cities. The evaluation system framework
is composed by target layer, standard layer and index
layer. In the index layer, 12 evaluation indicators were
used.

In addition to the index of urban traffic, the index of
urban ecology and the normative index of government
departments, topographic and geomorphological char-
acteristics of mountainous cities should be also consid-
ered to determine the evaluation index of green traffic.
Therefore, based on the construction principles and ideas
of the evaluation index systemof urban green transporta-
tion system, this study screens the relevant indicators
of urban green transportation evaluation index system
according to the accessibility of each index data. Then, a
comprehensive urban green traffic evaluation index sys-
tem for mountainous areas is established. As shown in
Figure 2, the comprehensive evaluation of green traffic
in mountainous cities (A) is the target, and which con-
tains three criteria layers, including transportation facili-
ties level (B1), traffic service quality (B2) and urban envi-
ronment (B3).

3.1. Indicators of transportation facility level

Traffic facilities, the important part of traffic system, play
a key role in guaranteeing traffic safety. The track, tun-
nel, elevated road, station, communication signal, road
marking and other traffic facilities are set up to ensure
the normal operation of the urban traffic system. As main
traffic facility level indicators are used to evaluate the con-
struction level of traffic facilities. This study chooses the
following traffic facility level indicators: (1) the coverage
rate of 500m track station (%) – C1; (2) road network
density (km/km2) – C2; (3) the number of public parking
spaces (number) – C3.

3.2. Indicators of traffic service quality

Traffic service quality directly affects passengers’ evalua-
tion of traffic service level. Service quality is related to traf-
fic convenience and economy. Convenience is the con-
venient degree of choosing different transport modes.
Economy represents the rationality of fare.

Traffic service quality indicators include the number of
bus, average speed ofmain roads in built-up areas during
peak hours, average transfer coefficient, 90% travel time
of residents, and so forth. In this study, traffic service qual-
ity indicators are selected as follows: (1) average speed of
major roads (km/h) during peak hours – C4; (2) per capita
roadnetworkdensity (km/km2/person) – C5; (3) per capita
number of public parking spaces (person/ ten thousand
people) – C6; (4) population density (person/km2) – C7.

3.3. Indicators of urban environment

The environment is closely related to the development of
social economy and traffic, so it has an essential impact
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Figure 2. Indicator systemmap for green evaluation of urban traffic system in mountain areas.

on humanhealth. Urban environmental indicatorsmainly
consist of the number of days with good air quality per
year, the average value of traffic noise on main roads,
urban green coverage, road traffic air pollution satura-
tion and fuel consumption per unit transport volume. The
indicators used in this study are as follows: (1) days of
good air quality (days) – C8; (2) average traffic noise (deci-
bels) – C9; (3) green coverage (%) – C10; (4) average slope
(degree) – C11; (5) surface fluctuation (m) – C12.

The original indicators are obtained from the official
website of Chongqing Government, the statistical infor-
mation network of nine districts, Chongqing Planning
Bureau, Chongqing Statistical Bureau, Chongqing Road
Transportation Administration Bureau, Chongqing Traf-
fic Committee and the city profile website of the central
government. The statistics is coordinated into the Google
Map, while the topographic map comes from the ArcGIS.
Based on the available data, the current status of the eval-
uation index systemof green traffic in Chongqing is given
in Table 1.

4. Analysis of green traffic in Chongqingmain
urban area

This study adopts the analytic hierarchy process (Li & He,
2008) to consult some experts who have studied urban
green traffic, and then the judgmentmatrix is constructed
with 1–9 scale method. After that, the consistency of the
judgment matrix is tested and the weight of 12 indica-
tors is obtained. Another set of weights for each index

is obtained with the information entropy method (Luo,
2014), and the average value of each index weight is
used as the combination weight. Finally, the comprehen-
sive index evaluation model is established. Compared
with the subjective methods such as the analytic hier-
archy process (AHP) and expert scoring, the information
entropy method is an objective method. It borrows the
concept of ‘entropy’ in information theory. The greater
the entropy value, the greater the uncertainty. In this
study, the target is the comprehensive evaluation of
green traffic inmountainous cities, criterion level includes
traffic facilities, traffic service quality and urban environ-
ment, and 12 indicators compose the lowest level.

4.1. Analytic hierarchy process for calculating
weights

4.1.1. Weight of transportation facility level (B1)
(1) Construct the judgment matrix for B1 (Table 2).
(2) The consistency index CR = 0.0036 is calculated by

consistency test, and the consistency of judgement
matrix is acceptable if CR < 0.1. According to the
opinions of 10 experts, the judgment matrix is con-
structed with the above weight calculation method.
The weight value of each index is determined by
analytic hierarchy process, and then the average of
weight values is calculated to obtain the objective
and practical indicator weights. The expert calcula-
tion values for each traffic facility level are shown in
Table 3.
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Table 1. Current data value of green traffic evaluation index system in nine districts of Chongqing.

Index / Name of district Yuzhong Dadukou Jiangbei Shapingba Jiulongpo Nanan Beibei Yubei Banan

C1 (%) 44.61 5.16 1.42 2.82 1.26 3.41 0.62 1.79 0.47
C2 (km/km2) 5.05 1.53 1.69 1.50 1.58 1.42 0.34 0.57 0.2
C3(number) 44436 14749 59782 42764 40846 61480 8431 78984 29208
C4 (km/h) 22.97 24.56 22.78 22.60 23.05 23.88 25.00 23.33 24.83
C5(km/km2/person) 0.078 0.046 0.020 0.013 0.014 0.017 0.004 0.004 0.002
C6 (person/ten thousand people) 0.068 0.045 0.071 0.038 0.035 0.073 0.011 0.053 0.030
C7 (per person/km2) 29545.45 3203.88 3800.90 2903.39 2708.33 3062.04 1021.19 1035.81 533.70
C8 (days) 239 248 222 212 189 337 241 255 287
C9 (decibels) 68.60 66.80 66.70 66.90 65.50 67.20 65.90 66.60 63.30
C10 (%) 39.60 45.20 43.40 43.46 43.96 45.90 39.20 44.00 42.80
C11 (degree) 32.46 11.70 40.70 10.70 31.73 12.73 15.34 14.94 16.26
C12 (m) 32.46 36.40 40.70 33.52 31.73 40.21 50.21 47.20 51.71

Table 2. Judgment matrix of B1.

B1 C1 C2 C3 weight

C1 1 2 5 0.5815
C2 1/2 1 3 0.3090
C3 1/5 1/3 1 0.1095

Table 3. Expert weight of transportation facility level.

Traffic facility level C1 C2 C3

Expert 1 0.5815 0.3090 0.1095
Expert 2 0.5584 0.3196 0.1220
Expert 3 0.5281 0.3327 0.1392
Expert 4 0.5399 0.2971 0.1630
Expert 5 0.6255 0.2379 0.1366
Expert 6 0.6488 0.2291 0.1221
Expert 7 0.6378 0.2577 0.1045
Expert 8 0.6833 0.1998 0.1168
Expert 9 0.6740 0.2256 0.1004
Expert 10 0.5714 0.2857 0.1429
average value 0.6049 0.2694 0.1257

Table 4. Judgment matrix for B2.

B2 C4 C5 C6 C7 weight

C4 1 2 4 7 0.5089
C5 1/2 1 3 5 0.3079
C6 1/4 1/3 1 2 0.1189
C7 1/7 1/5 1/2 1 0.0643

4.1.2. Weight of traffic service quality (B2)
(1) Construct the judgment matrix for B2 (Table 4).
(2) The consistency index CR = 0.0080 is calculated. It is

considered that the consistency of judgementmatrix
is reasonable if CR < 0.1. According to the opinions
of 10 experts, the judgment matrix is constructed by
the above weight calculation method. The weight
of each index is determined with analytic hierarchy
process, and then average value of all weight val-
ues to gain the objective and practical indexweights.
The expert calculation values of traffic service quality
level are shown in Table 5.

4.1.3. Weight of urban environment (B3)
(1) Construct the judgment matrix for B3 (Table 6).

Table 5. Expert weight of traffic service quality.

Traffic service quality C4 C5 C6 C7

Expert 1 0.5089 0.3079 0.1189 0.0643
Expert 2 0.4851 0.3192 0.1232 0.0725
Expert 3 0.4978 0.3130 0.1209 0.0683
Expert 4 0.4756 0.3213 0.1330 0.0701
Expert 5 0.4629 0.3273 0.1355 0.0744
Expert 6 0.4868 0.3165 0.1310 0.0658
Expert 7 0.5457 0.2689 0.1234 0.0620
Expert 8 0.5216 0.2796 0.1284 0.0705
Expert 9 0.5275 0.2674 0.1298 0.0754
Expert 10 0.5338 0.2445 0.1454 0.0763
average value 0.5045 0.2965 0.1290 0.0700

Table 6. Judgment matrix for B3.

B3 C8 C9 C10 C11 C12 weight

C8 1 2 4 6 7 0.4475
C9 1/2 1 3 5 6 0.2993
C10 1/4 1/3 1 3 5 0.1462
C11 1/6 1/5 1/3 1 2 0.0653
C12 1/7 1/6 1/5 1/2 1 0.0417

(2) The consistency index CR = 0.0367 < 0.1 is calcu-
lated, and it is considered that the consistency of
judgementmatrix is acceptable. With thementioned
weight calculation method, the judgment matrix is
constructed based on the opinions of 10 experts.
The weight values of each index are determined by
analytic hierarchy process, and then the average val-
ues is obtained. Therefore,the objective and practical
index weight values can be achieved. The expert cal-
culation values of urban environment are shown in
Table 7.

4.1.4. Weight of urban green transport (A)
(1) Construct the judgment matrix of criterion layer A

(Table 8).
(2) The CR = 0.0516 < 0.1 means that the consistency

of judgement matrix is acceptable.
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Table 7. Experts weight of urban environment.

Urban environment C8 C9 C10 C11 C12

Expert1 0.4475 0.2993 0.1462 0.0653 0.0417
Expert 2 0.4374 0.3034 0.1482 0.0686 0.0423
Expert 3 0.4292 0.3071 0.1500 0.0695 0.0444
Expert 4 0.4115 0.3119 0.1610 0.0706 0.0451
Expert 5 0.4197 0.3084 0.1592 0.0698 0.0429
Expert 6 0.4076 0.3132 0.1617 0.0741 0.0435
Expert 7 0.4118 0.3026 0.1633 0.0783 0.0440
Expert 8 0.4085 0.3096 0.1621 0.0776 0.0421
Expert 9 0.4694 0.2726 0.1467 0.0710 0.0403
Expert 10 0.4641 0.2695 0.1495 0.0724 0.0444
average value 0.4307 0.2998 0.1548 0.0717 0.0430

Table 8. Standard layer a judgment matrix.

A B1 B2 B3 weight

B1 1 1 2 0.4126
B2 1 1 1 0.3275
B3 1/2 1 1 0.2599

Table 9. Weight value of urban green transportation indicators.

Criterion
level B

Criteria layer
weight

Index
level C

Layer B
Corresponding to
layer C weight

Composite
weight of layer C

B1 0.4126 C1 0.6049 0.2496
C2 0.2694 0.1112
C3 0.1257 0.0519

B2 0.3275 C4 0.5045 0.1652
C5 0.2965 0.0971
C6 0.1290 0.0422
C7 0.0700 0.0229

B3 0.2599 C8 0.4307 0.1119
C9 0.2998 0.0779
C10 0.1548 0.0402
C11 0.0717 0.0186
C12 0.0430 0.0112

4.1.5. Each index of layer C corresponding to the
composite weights of layer A
The synthetic weight of each element to the target layer
refers to the combination of the relative weight of each
factor of the judgment matrix for the target layer (the
top layer), which is synthesized layer by using the top-
down method. The weight of each index after synthesis
is shown in Table 9.

4.2. Information entropymethod for calculating
weights

(1) Normalization

Firstly, the data matrix X is normalized to get the cal-
culationmatrix Y. The number units andmagnitude order
of each index are not consistent, so the control variables
should bedimensionless first and the original data should
be converted to the values between 0 and 1for compari-
son. There are two kinds of transformation formulas, and
the following one is used for the positive index. It can be

concluded that the larger the index data the better the
result.

yij = xij − min(xij)

max(xij) − min(xij)
(1)

where max(xij) and min(xij) represent the maximum and
minimum of column J of data matrix X, respectively.

The other one for the reverse index is as follows: the
smaller index data the better the result.

yij = max(xij) − xij
max(xij) − min(xij)

(2)

(2) Given the original data, using formula (1) / (2) to pro-
cess the \x-x data and get the calculation matrix Y
Table 10:

(3) For the calculation matrix, formulas (3), (4), (5) are
used to calculate the entropy value and weight. The
calculation results are shown in Table 11

The entropy of each evaluation index is calculated by:

Hj = − 1
ln n

n∑

i=1

aij ln aij (3)

aij = yij∑n
i=1 yij

(4)

where c = (1/ ln n) is the normalization constant.
The weight of the evaluation index is calculated by:

wj = 1 − Hj

n − ∑m
j=1 Hj

(5)

4.3. Combinedweight calculation

According to the weight of each index in target layer
A obtained by analytic hierarchy process and informa-
tion entropy method, the final combination weights
of each index are calculated by the average method
(Table 12).

It can be seen that the importance of green traf-
fic evaluation index in comprehensive evaluation of 12
cities ranks from high to low as follows: 500-metre cov-
erage of rail stations > average speed of main road dur-
ing peak time period > density of road network > days
of annual air quality > density of road network per
capita > average of traffic noise > number of public
parking spaces > green coverage > number of pub-
lic parking spaces per capita > fluctuation of ground
surface > surface average slope > population density.

4.4. Evaluation results and analysis

According to the multi-factor comprehensive index
method, the green traffic comprehensive index of nine
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Table 10. Normalized data.

Name of district 500-metre coverage of rail stations Road network density Public parking space
Average vehicle speed of
main road during rush hour

Yuzhong 1.000 1.000 0.510 0.154
Dadukou 0.106 0.274 0.090 0.817
Jiangbei 0.021 0.307 0.728 0.075
Shapingba 0.053 0.268 0.487 0.000
Jiulongpo 0.018 0.285 0.459 0.188
Nanan 0.067 0.252 0.752 0.533
Beibei 0.003 0.029 0.000 1.000
Yubei 0.030 0.076 1.000 0.304
Banan 0.000 0.000 0.294 0.929

Name of district Per capita road network density Per capita public parking space Population density Days of good air quality
throughout the year

Yuzhong 1.000 0.925 0.000 0.338
Dadukou 0.584 0.543 0.908 0.399
Jiangbei 0.238 0.970 0.887 0.223
Shapingba 0.151 0.443 0.918 0.155
Jiulongpo 0.151 0.386 0.925 0.000
Nanan 0.196 1.000 0.913 1.000
Beibei 0.032 0.000 0.983 0.351
Yubei 0.024 0.670 0.983 0.446
Banan 0.000 0.306 1.000 0.662

Name of district Average value of traffic noise Greening coverage Average surface gradient Relief Degree of Land Surface
Yuzhong 0.000 0.060 0.275 0.963
Dadukou 0.340 0.896 0.967 0.766
Jiangbei 0.358 0.627 0.000 0.551
Shapingba 0.321 0.636 1.000 0.910
Jiulongpo 0.585 0.710 0.299 1.000
Nanan 0.264 1.000 0.932 0.576
Beibei 0.509 0.000 0.845 0.075
Yubei 0.377 0.716 0.859 0.226
Banan 1.000 0.537 0.815 0.000

Table 11. Entropy value and weight of urban green transporta-
tion indicators.

Evaluating indicator Entropy weight

C1 0.3697 0.1979
C2 0.7024 0.0934
C3 0.7820 0.0684
C4 0.7317 0.0842
C5 0.6438 0.1118
C6 0.8043 0.0614
C7 0.8363 0.0514
C8 0.7781 0.0697
C9 0.7978 0.0635
C10 0.7913 0.0655
C11 0.8047 0.0613
C12 0.7724 0.0715

districts in Chongqing is calculated by:

Z = W1F1 + W2F2 + · · · + W12F12 (6)

where Z represents the comprehensive index, W repre-
sents the weight of each index, and F represents the
assignment of each index.

(1) Level of transport facilities

As shown in Table 13, the transportation facilities in
Yuzhong and Nanan are better than those in Banan and
Beibei. Among them, the coverage rate of 500m (C1)
index of rail stations is the highest in Yuzhong, while the

Table 12. Combination weight of urban green transport
indicators.

Evaluating
indicator

Weight of analytic
hierarchy process

Information
entropy weight

Combination
weight

C1 0.2496 0.1979 0.2238
C2 0.1112 0.0934 0.1023
C3 0.0519 0.0684 0.0602
C4 0.1652 0.0842 0.1247
C5 0.0971 0.1118 0.1045
C6 0.0422 0.0614 0.0518
C7 0.0229 0.0514 0.0372
C8 0.1119 0.0697 0.0908
C9 0.0779 0.0635 0.0707
C10 0.0402 0.0655 0.0529
C11 0.0186 0.0613 0.0400
C12 0.0112 0.0715 0.0414

lowest in Banan and Beibei. The density of road network
(C2) index is the highest in Yuzhong, while the lowest in
Banan and Beibei. The number of public parking spaces
(C3) index is the highest in Yubei, while the lowest in
Beibei and Dadukou. Therefore, Banan and Beibei should
increase the level of transport facilities, the number of rail
stations and road network density.

(2) Quality of traffic service

As shown in Table 14, the traffic service quality of
Yuzhong and Dadukou is better than those of Banan and
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Table 13. Comprehensive index of transportation facilities level
in nine districts of Chongqing.

Name of district C1 C2 C3

Comprehensive index
of transportation
facility level Ranking

Yuzhong 57.76 26.45 8.06 92.27 1
Dadukou 6.13 7.25 1.41 14.80 7
Jiangbei 1.24 8.13 11.49 20.86 3
Shapingba 3.08 7.09 7.69 17.85 5
Jiulongpo 1.03 7.53 7.26 15.82 6
Nanan 3.85 6.65 11.87 22.37 2
Beibei 0.19 0.01 0.00 0.20 9
Yubei 1.73 2.02 15.79 19.54 4
Banan 0.00 0.00 4.65 4.65 8

Table 14. Comprehensive index of traffic service quality in nine
district of Chongqing.

Name of district C4 C5 C6 C7

Comprehensive
index of traffic
service quality Ranking

Yuzhong 0.06 32.93 15.17 0.00 48.15 1
Dadukou 0.32 19.22 8.91 10.73 39.18 2
Jiangbei 0.03 7.85 15.91 10.49 34.28 4
Shapingba 0.00 4.98 7.26 10.86 23.09 6
Jiulongpo 0.07 4.98 6.32 10.94 22.31 7
Nanan 0.21 6.47 11.88 10.79 29.35 5
Beibei 0.39 1.04 0.00 11.62 13.06 9
Yubei 11.82 0.70 10.27 11.62 34.41 3
Banan 0.36 0.00 5.02 11.82 17.20 8

Beibei. Among them, the average speed (C4) index of
main roads in the peak period is the highest in Yubei,
while the lowest in Shapingba and Jiangbei. The C5 index
is the highest in Yuzhong, the lowest in Banan and Yubei.
The C6 index is the highest in Jiangbei, the lowest in
Banan and Beibei. The C7 index indicates that Banan has
the lowest population density and Yuzhong has the high-
est population density. Therefore, Shapingba and Jiang-
bei should strengthen the control of traffic congestion,
and Banan and Beibei should further improve the quality
of traffic services.

(3) Urban environment

As shown in Table 15, the environment of Nanan
and Bananis better than those of Jiangbei and Yuzhong.

Table 16. Comprehensive index of green transportation devel-
opment level in nine district of Chongqing.

Name of district
Comprehensive index of green
transport development level Ranking

Yuzhong 61.32 1
Dadukou 45.99 3
Jiangbei 29.92 6
Shapingba 28.97 7
Jiulongpo 28.67 8
Nanan 48.22 2
Beibei 27.31 9
Yubei 33.51 5
Banan 37.85 4

Among them, the annual air quality days (C8) index is the
highest in the Nanan, the lowest in Shapingba and Jiu-
longpo. The C9 index is the highest in Banan, the lowest in
Yuzhong. The C10 index is the highest in Nanan, the low-
est in Beibei. The highest slope index (C11) is Shapingba,
the lowest is Jiangbei and Yuzhong, which indicates that
the surface slope of Jiangbei and Yuzhong is large; the
highest surface fluctuation index (C12) is Jiulongpo, the
lowest is Banan and Beibei, which indicates that the
topographic fluctuation of Banan and Beibei is larger;
Therefore, Yuzhong and Jiangbei should strengthen
the control of environmental pollution control, reduce
vehicle exhaust emissions and improve environmental
quality.

(4) Overall evaluation

As shown in Table 16, the better development level
of green transportation in Chongqing main urban area is
Yuzhong, Nanan and Dadukou; the general development
level is Banan, Yubei and Jiangbei; the worse develop-
ment level is Shapingba, Jiulongpo and Beibei. Therefore,
in combination with the scores of the above indicators,
the three regions with poor overall level are analyzed:

(1) On the level of transportation facilities, Shapingba,
Jiulongpo and Beibei should strengthen the con-
struction of rail transit, improve the coverage of rail
stations, and increase the density of road network
and the setting of public parking spaces.

Table 15. Urban environmental comprehensive index of nine districts in Chongqing.

Name of district C8 C9 C10 C11 C12
Comprehensive index
of urban environment Ranking

Yuzhong 10.83 0.00 1.05 3.52 12.46 27.86 9
Dadukou 12.78 8.34 15.78 12.40 9.91 59.21 3
Jiangbei 7.15 8.81 11.04 0.00 7.13 34.13 8
Shapingba 4.98 7.88 11.20 12.83 11.78 48.67 5
Jiulongpo 0.00 14.37 12.52 3.84 12.93 43.66 6
Nanan 32.05 6.49 17.62 11.96 7.44 75.56 1
Beibei 11.26 12.52 0.00 10.85 0.97 35.59 7
Yubei 14.29 9.27 12.62 11.02 2.92 50.12 4
Banan 21.22 24.57 9.47 10.45 0.00 65.71 2



SYSTEMS SCIENCE & CONTROL ENGINEERING: AN OPEN ACCESS JOURNAL 377

(2) In terms of traffic service quality, Shapingba and Jiu-
longpo should strengthen the control of traffic con-
gestion onmain roads during peak hours, reduce the
number of cars, encourage residents to travel by bus
or subway, and increase the average speed, while
Beibei should improve the density of road network
per capita and increase the number of public parking
spaces per capita.

(3) In urban environment, Shapingba and Jiulongpo
should reduce the emission of air pollutants, espe-
cially automobile exhaust, leading to an improve-
ment of air quality. Jiulongpo should reduce the
impact of traffic noise on urban environment, reduce
road traffic flow and set up road sound barriers
appropriately. Meanwhile, Beibei should strengthen
urban greening construction. To improve the green

Figure 3. General development level distribution of green transportation in nine district of Chongqing.
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coverage, the expansion of the green area by open-
ing up new green space and consolidating existing
green space are used.

Finally, the overall development level of green trans-
portation is reflected in the formof thematicmapwith the
colour change method, as shown in Figure 3.

5. Conclusion

On the basis of the connotation andmain content of sus-
tainable development and green traffic, and the relation-
ship between green traffic and urban traffic sustainable
development, this study develops an evaluation index
system of green traffic combined with the components
of green traffic in Chongqing main urban area. A com-
prehensive index evaluation model by analytic hierarchy
process and information entropymethod are established,
and the weight and comprehensive index of the evalua-
tion index of green traffic in nine districts of Chongqing
is calculated. The development level of green traffic in
the nine districts is evaluated with ArcGIS, and the level
of traffic facilities, traffic service quality and urban envi-
ronment are analyzed. The evaluation results points out
the shortcomings and challenges of the development of
green transportation in Chongqing, and some valuable
suggestions and improvementmeasures for the develop-
ment of green transportation in the ChongqingMain City
are provided.
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