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In order to sketch the transport infrastructure construction in an economy or a region, the government has to predict the
passenger volume, under the local policy of industrial investment. In this paper, we propose a combined input-output and
distributed lag prediction model of passenger volume in a province in P. R. China, under a certain policy of industrial investment
called Silk Road Economic Belt. Speciﬁcally, the relationships between the passenger volume, GDP (gross domestic product), gross
output, and transportation consumption are analyzed, and then the industrial development speed analysis and classiﬁcation are
used to calculate the average development speeds and the GDP contributions of 42 industries. Combining the input-output table,
the provincial transportation consumption under the Silk Road Economic Belt policy is predicted, and the passenger volumes of
the cities and the province in the future are predicted by the distributed lag models. Considering the uncertainty of the investment,
the elastic ranges of the cities and the province’s passenger volumes are determined. The results show that the correlation between
the passenger volume and transportation consumption is the highest, and it is equal to 0.975. In 2020, the passenger volume in
Shaanxi is 1,641,305 thousands, and the error between the predicted value and the value obtained by summing the cities’ passenger
volumes is smaller than 0.002%.

1. Introduction
Before building the transport infrastructure in an economy
or a region, the government has to predict the passenger
volume under the local policy of industrial investment. The
Silk Road Economic Belt is known as a strategic route that
connects Asia, Europe, and Africa, which plays an important
role in promoting the coordinated development of the
economy and society in many regions in P. R. China. In
order to better support the development of the Silk Road
Economic Belt, the corresponding transport system should
be established, which requires an accurate passenger volume
prediction based on the data analytics under the local policy
of industrial investment.
The traditional passenger volume prediction methods
can be divided into qualitative, quantitative, and combined

analysis methods. The qualitative passenger volume prediction methods include the Delphi method, expert meetings, brainstorming and personal judgment, and many
others. The quantitative passenger volume prediction
methods utilize the prediction theory and mathematical
methods to sort, process, and simulate the raw data, which is
further used to construct mathematical models needed to
predict the passenger volume. Many models from the other
ﬁelds like econometrics, physics, and mathematics, improved and combined prediction models, have much higher
prediction accuracy than the traditional prediction models.
The support vector machine was used to predict the passenger volume in a metropolitan area by gradually changing
the parameter values of the loss function, penalty factor, and
Gaussian kernel function [1]. The support vector regression
(SVR) model was used to predict the subway passenger
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volume, and it was compared with the seasonal autoregressive integrated moving average (SARIMA) quadratic
regression and linear regression [2]. The accuracy of the
LSSVM-RBF neural network that combined radial basis
function neural network and least squares support vector
was much higher than the single model [3]. A time series
passenger ﬂow prediction method based on history and
presale was used to predict the short-term and mediumterm railway passenger volumes; this model can control the
total prediction error [4]. A chaos accelerated genetic algorithm was proposed, and an NCAGA-PPPG (accelerating genetic algorithm-parameter projection pursuit
regression) mixed optimization passenger forecast model
based on accelerated genetic algorithm improved by
Gaussian distribution and elite local search was constructed [5]. Furthermore, the grey prediction method GM
(1,3) and Markov prediction method were used to forecast
the highway passenger volume, and the obtained prediction
result was more precise than that obtained by the grey
prediction method [6]. The grey relational degree theory
was used in the quantitative analysis of inﬂuencing factors
of transport-channel passenger volume. A multifactor
backpropagation (BP) neural network model was constructed and employed to predict the transport-corridor
passenger volume [7]. The particle swarm algorithm optimization parameter that has good prediction performance and the grey method were combined in the greyvariation particles-group swarm prediction model that was
proposed to forecast public passenger volume [8]. A logistic-based model was developed to predict the future
passenger traﬃc in China in combination with the multivariate statistical analysis model by the factor analysis [9].
The cloud computing and parallel SVM model were
employed to predict the railway passenger volume in
China, and the results showed that the proposed combined
prediction algorithm achieved good results [10, 11]. The
genetic algorithm (GA) and artiﬁcial neural network
(ANN) were used to predict the monthly passenger volume
of the railway in Serbia [12]. For more information about
the passenger prediction by using some cutting-edge
technologies, refer to references [13–18]. The machine
learning method needs big data to predict the model. While
for the passenger volume data, we only can collect several
years data. It is not suitable to use the machine learning
method to predict the passenger volume. Therefore, the
combined input-output and distributed lag model and the
system dynamics method will be used to do the prediction
and compare the results.
The traditional passenger volume prediction methods do
not consider the impact of the Silk Road Economic Belt
policy on industrial investment development of transportation systems. With this policy, we focus on the economic and social exchanges between Shaanxi Province in
P. R. China and other regions/nations, where the relevant
industrial industries will bring diﬀerent and new demands,
and the transportation system will be inﬂuenced by other
industrial industry. Hence, we conduct a case study using the
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data collected in Shaanxi Province, and we propose a prediction model for passenger volumes by combining the
input-output tables, the distributed lag model of the traﬃc,
and the economy, trade, and industry data. The results can
provide accurate recommendations for infrastructure facilities planning and construction in the future.

2. A Measurement Study of Transportation
Consumption Based on Input-Output Table
Although the GDP indicated the economy level, using only
the development trend of the GDP to predict the passenger
volume cannot reﬂect the inﬂuence of the industrial investment changes and industrial structure adjustment on the
passenger volume. This inﬂuence can be determined by
considering the gross output that can be obtained from the
input-output table. However, the gross output does not
consider direct and indirect dependency relationships between the transportation industry and the other industries,
which aﬀects the accuracy of prediction of passenger volume. In order to solve these problems, this paper introduces
the concept of transportation consumption and analyzes the
relationships between the GDP, gross output, transportation
consumption, and passenger volume.
2.1. Analysis of Gross Input of Each Industry Based on InputOutput Table. The input-output model [19–22] based on the
input-output table can be expressed as follows:
n

 xij + Nj � Xj · (j � 1, 2, . . . n).

(1)

i�1

The total direct consumption coeﬃcient is expressed as
acj � ni�1 aij , and acj Xj + Nj � Xj , so we have the following equation:
Ac X + N � X,

(2)

where acj represents the total direct consumption coeﬃcient
of the jth column; thus, the material consumption of the jth
industry produces unit output value, known as direct material consumption coeﬃcient.
Matrix Ac is the diagonal matrix of the direct consumption coeﬃcient of each column, and Nj denotes the
GDP contribution of the jth industry.
Based on the principle of the input-output model, the
deformation can be expressed as follows:
− 1

X � 1 − Ac  N.

(3)

The crucial parameter in (3) is N, and this paper calculates the GDP value of 42 industries in the period
2007–2015 based on the input-output tables of years 2007
and 2012.
(1) Calculate the GDP contribution of each industry in
2007 and 2012 which are, respectively, denoted as
ΔGDPP07 and ΔGDPP12 by
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ΔGDPP07 �
ΔGDPP12 �

ΔGDP07
,
GDP07

3
Table 1: Transportation consumption in billions of yuans.

(4)

ΔGDP12
,
GDP12

where ΔGDP07 and ΔGDP12 represent the GDP of
each industries in 2007 and 2012, respectively.
(2) Calculate ΔGDP of each industries in the existing
one year (such as 2014):
ΔGDPi � GDP in existing one year × ΔGDPP07 ,
ΔGDPj � GDP in existing one year × ΔGDPP12 .

Transportation consumption
8323750
10921473
12198411
15115470
15500625
16118153
18071654
19727096
20264514

(5)

where i ranges from 2008 to 2011 and j ranges from
2013 to 2015.
The total provincial outputs in the period 2007–2015
are obtained by using the GDP of each industry and
equation (3).
The investment of each industry induced by the Silk
Road Economic Belt policy can contribute to the GDP
improvement. And by using the relationship between
the GDP and passenger volume, the passenger volume
in the future is predicted.
2.2. Transportation Consumption Analysis. The transportation consumption can be calculated by the following
equation:
Q �  bj Xj ,

Year
2007
2008
2009
2010
2011
2012
2013
2014
2015

(6)

where bj represents the total transportation consumption
coeﬃcient of industries j and Xj represents the gross output
of industries j.
The transportation consumption of Shaanxi Province in
the period 2007–2015 can be calculated by (6), and the
obtained results are given in Table 1.
2.3. Correlation Analysis. Each industry has diﬀerent demands and transfer values of ﬁxed asset requirements for
transportation in the production process. Therefore,
transportation consumption is in correlation with the traﬃc
volume to a certain extent. In this work, the eight-year data
corresponding to the period 2007–2015 and the Pearson
correlation coeﬃcient method are used to analyze the relationships between the passenger volume, GDP, gross
output, and transportation consumption, and the obtained
results are shown in Table 2. The reason that these three
variables are used is lots of papers were veriﬁed and these
three variables have a strong correlational relationship with
passenger volume [23, 24].
As presented in Table 2, the correlation between the
transportation consumption and passenger volume was
higher than that of the other parameters, and thus constructing a combined passenger-volume transportationconsumption prediction model can be used to predict the
passenger volume in Shaanxi Province.

Table 2: Pearson’s correlation between variables.
Pearson
correlation
Passenger volume
Note.

∗∗

GDP
0.956∗∗
0.000

Gross
output
0.963∗∗
0.000

Transportation
consumption
0.975∗∗
0.000

indicates 0.01 level is obvious.

3. Provincial Passenger Volume Prediction
Based on Consumption-Distributed
Lag Models
3.1. Design of Distributed Lag Models and Model Comparison.
Almon proposed the polymerization lag model (PDL), and
the equation of distributed lag models has exogenous
variables:
p

yt � α +  βi xt− i + ut .

(7)

i�0

There exists multi-colinearity between explanatory
variables, which cannot be estimated by the OLS, so βi is
expressed as follows:
βi � α0 + α1 (i − p) + α2 (i − p)2 + · · · + αq (i − p)q ,
q < p, i � 0, 1, . . . , p,
p
⎪
⎧
⎪
,
⎪
⎪
⎪
⎨2
p �⎪
⎪
⎪
⎪
(p − 1)
⎪
⎩
,
2

(8)

p � 2k,
(k ∈ N).
p � 2k − 1,

This model considers the inﬂuence of independent
variables before the current year, thus achieving relatively
high prediction accuracy. In this work, regression and ﬁtting
of the passenger volume and transportation consumption in
the period 2007–2015 are conducted; meanwhile, the
EVIEWS software is used to construct distributed lag model
between the passenger volume and transportation consumption, considering the precision requirements. In this
study, the lag period and polynomial degree are both set to 3.
The ﬁtting functions whose ﬁtting degree is above 0.9 are
given in Table 3.
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Table 3: Fitting functions.

Model
Linear
Logarithm
Reciprocal
Quadratic function
Cubic function
S type functions
Distributed lag model

Fitting function of passenger volume and transportation consumption
y � 7031.332 − 0.006 ∗ x
y � − 1297720.709 + 84679.547 ∗ In(x)
y � 176062.322 − x/1.077 ∗ 1012
y � − 48172.326 + 0.014 ∗ x − 2.814 ∗ 10− 10 ∗ x2
y � − 48172.326 + 0.014 ∗ x − 2.814 ∗ 10− 10 ∗ x2
7
y � e12.389− (− 1.289∗10 /x)
y � 65527.42 − 0.00163 ∗ xt + 0.00225 ∗ xt− 1 + 9.3 ∗ 10− 5 xt− 2 + 0.00299 ∗ xt− 3

As presented in Table 3, the ﬁtting degree of the distributed lag model is the highest, but the model’ trends and
adaptability should also be evaluated in the prediction of the
passenger volume.
3.2. Provincial Passenger Volume Prediction under Guidance
of Induced Industrial Investment. Following the Silk Road
Economic Belt policy, the province projects, fast track of the
investment, and construction programs yield to rapid
economic development. Due to the industrial and regional
advantages of Shaanxi Province, which represents the traﬃc
origin of the Silk Road Economic Belt, the transportation of
this province can achieve rapid development regarding both
the quantity and the quality. The Shaanxi Province transportation increase is caused by the natural transportation
increase and the value induced by industrial investment. So,
the induced value should be considered in the passenger
volume prediction of Shaanxi Province in the period
2016–2020, which can provide the theoretical basis for traﬃc
planning in the future. The transportation consumption of
Shaanxi Province in the period 2016–2020 can be predicted
by the following steps.
(1) Estimate GDPthe target year , which represents the added
value of each industries in the target year, combining
ΔGDP2012 and the following equation:
p

GDPthe target year � R × GDPthe current year ,

(9)

where p represents the number of years from the
current year to the target future year.
According to the construction investment of 71 key
projects launched in 2015, this paper predicts the
GDP increase speed R under the Silk Road Economic
Belt policy in Shaanxi Province. The mentioned 71
projects belong to 20 key construction industries and
correspond to the total investment of 389 billion
yuan. Based on this, 42 industries are divided into 22
general development industries and 20 key development industries. The calculation of the development speed of both groups of industry is given below.
(2) General industries’ development speed calculation.
Take the input-output table in the base year 2012
(input-output tables are proposed every four year).
Assume the GDP growth rates calculated at comparable prices in n following years from 2012 are
denoted as R1, R2,. . ., Rn; then, the average

Fitting degree
0.950
0.976
0.968
0.977
0.977
0.981
0.996

development speed for the past few years is expressed
as follows:
���������������
(10)
R � n R1 × R2 × · · · × Rn .
The GDP growth rates for three consecutive years
(2012–2015) calculated at comparable prices are
111.0%, 109.7%, and 108.0%. According to (10), the
average
development speed
is expressed as
√�����������������
�
R � 3 1.110 × 1.097 × 1.080 � 109.56%, which represents the general industries’ development speed.
(3) Key industries’ development speed calculation.
Under the inﬂuence of the Silk Road Economic Belt,
Shaanxi Province will strive to develop the transport,
trade and logistics, energy, science, education, and
other industries so that the average development
speeds of the key development industry are
accelerated, and they are higher than those of the
general development industry; thus, it is needed to
recalculate the key industries’ development speeds.
The increased investment in these industries has a
strong multiplier eﬀect on the economic development of the major and base projects and expands the
domestic demand on traveling and causes the increase in the aggregate demand. The research shows
that the increase in the investment rate of one
percent will cause an increase of 0.095% in the
economic development speed. Accordingly, the average development speed of key construction industry can be calculated by the following equation:
Rx � R +

I − I0
× 0.095%,
1%

(11)

where I0 represents the background investment rate
of various industries in 2015 and I represents the
total investment rate of various industries in 2015.
The prediction results of key industries’ average
development speed in the period from 2015 to 2020
are shown in Figure 1.
This article predicts the GDP of 42 industries from
2016 to 2020 based on the input-output tables of 42
industries in 2012. That is, R and Rx are combined to
predict the increase in GDP of all 42 industries, but
this paper presents only a part of the prediction
results. Summing the prediction results of all of the
industries, the provincial GDP prediction under the
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118.00
116.00
114.00
112.00
(%)
110.00
108.00
106.00

Culture, sports, and entertainment

Health, social security, and social welfare

Education

Water environment and public facilities management

Research and experimental development industry

Real estate

Transportation, warehousing, and postal service

Wholesale and retail trade

Handicrafts and other manufacturing

Production and supply of gas

Electricity, heat production, and supply industry

DOJX

Transportation equipment manufacturing

Ordinary machinery

Nonmetal mineral products

Chemical industry

Food production and tobacco processing

Petroleum and natural gas extraction

Coal and mining industry

Agriculture animal husbandry and ﬁshery

104.00

Figure 1: Prediction results of the average development speed of the key development industry from 2015 to 2020.

background of the Silk Road Economic Belt policy
and the diﬀerence in the industrial development
speed can be obtained.
(4) Transportation consumption prediction.
According to the provincial GDP prediction in the
period 2016–2020 that considers the inﬂuence of
induced industrials, by using (3), the gross output of
each industry can be obtained, and the results are
shown in Table 4. Also, (9) can be used to predict the
transportation consumption of Shaanxi Province in
the period 2016–2020, and the predicted values are
shown in Table 5.
(5) Passenger volume prediction.
The distributed lag model is used to predict the
passenger volume of Shaanxi Province in the period
2016–2020, and the results are shown in Table 6.
In order to test the model prediction accuracy, another method named system dynamics was also used
to predict the passenger volume that considers the
stimulation of the Silk Road Economic Belt.
The state variables in this system include Shaanxi
province fee level (yuan), Shaanxi province CPI
consumer price index, Shaanxi province national
(yuan), Shaanxi province highway mileage (ten
thousand kilometers), Shaanxi province railway
operating mileage (ten thousand kilometers),
Shaanxi province traﬃc ﬁxed asset investment in
transportation, warehousing, and postal industry
(100 million yuan), highway passenger traﬃc in

Shaanxi Province, and railway passenger traﬃc in
Shaanxi Province. Speed variables include the
growth rate of residents’ consumption level, GDP
growth rate, highway mileage growth rate, railway
operating mileage growth rate, highway passenger
traﬃc growth rate, and railway passenger traﬃc
growth rate [25–27]. The auxiliary variable is mainly
time, that is, the study period of this article, from
2007 to 2020.
The consumption level of residents changes with the
year. Therefore, the consumption level of residents is
an implicit function of the year. CPI is aﬀected by
time and residents’ consumption level; therefore, an
implicit function of CPI on residents’ consumption
level can be established. GDP changes with changes
in CPI; therefore, an implicit function of GDP to CPI
is established. The ﬁxed asset investment in transportation, storage, and postal industry changes with
GDP, and the implicit function of ﬁxed asset investment in transportation, storage, and postal industry on GDP is established. Highway mileage is
aﬀected by ﬁxed asset investment in transportation
and warehousing and postal industry. Therefore, an
implicit function of road mileage on ﬁxed asset investment in transportation and warehousing and
postal industry can be established.
Highway passenger traﬃc is aﬀected by the consumption level of residents, CPI, GDP, ﬁxed asset
investment in transportation, storage, and postal
industry, and highway mileage. Railway passenger
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Table 4: The province GDP (gross domestic product) and gross output prediction in tens of thousands of yuans.

Industry number
1
2
3
4
⋮
40
41
42

GDP12
13701600
14980668
12851019
1329204
⋮
2014447
758947
5160940

GDPP12
0.0948
0.1036
0.0889
0.0092
⋮
0.0139
0.0053
0.0357

GDP15
17226923.28
18826046.96
16154783.54
1671811.12
⋮
2525888.54
963108.58
6487354.02

GDP16
18878985.22
20627699.65
17894653.73
1831636.263
⋮
2769889.373
1124332.956
7107545.064

OUT16
31735080
36652022
25061437
4938746
⋮
6082917
2602750
11849397

Table 5: Prediction results of province transportation consumption in billions of yuans.
Year
Transportation consumption

2016
24609740

2017
27042887

Table 6: Predicted passenger volume in thousands of people.
Year
Passenger
volume

2016

2017

2018

2019

2020

126877.6 137688 140814.7 155259.2 164130.5

traﬃc is aﬀected by the consumption level of residents, CPI, GDP, ﬁxed asset investment in transportation, storage, and postal industry, and railway
mileage. The growth rate of highway passenger traﬃc
is aﬀected by the growth rate of residents’ consumption level, CPI, GDP growth rate, ﬁxed asset
investment growth rate of transportation, storage,
and postal industry, and the growth rate of highway
mileage. The growth rate of railway passenger traﬃc
is aﬀected by the growth rate of residents’ consumption level, CPI, GDP growth rate, transportation, storage, and postal industry’s ﬁxed asset
investment growth rate, and railway operating
mileage growth rate. Establish a regression model
and analyze its algebraic relationship with inﬂuencing factors.
Road passenger traﬃc volume in the i year �
(1 + highway passenger traﬃc growth rate in the i
year) × road passenger traﬃc volume in the i year
The ﬂow diagram of the entire system is shown in
Figure 2.
Input the relationship between the variables in the
model to Vensim for simulation.
Compared with R2, the prediction accuracy of a
combined input-output and distributed lag model
proposed in this study is higher.

4. Passenger Volume Sensitivity and Scale
Analysis under Influence of
Industrial Investment
The ﬂuctuation in the passenger volume of the cities can cause a
prediction error because the development speeds that are based
on the investment are uncertain, and the impact of that error

2018
29717088

2019
32656276

2020
35886768

(there can be construction information that cannot be collected) can be determined by the quantitative analysis. Considering that Shaanxi Province will strongly develop industries
to adapt to the development of the domestic and international
Silk Road Economic Belt construction and the development of
the third industry will strongly increase the passenger volume,
this paper focuses on the investment sensitivity of the third
industry. The test number is C112 + C212 · · · + C12
12 which will
strongly increase the testing work, which is very diﬃcult to
implement, so the investment sensitivity of each industry is
analyzed ﬁrst. The inﬂuence of the 1% increase in the industrial
investment of each industry on the passenger volume is shown
in Figure 2 and in Table 7.
As shown in Figure 3, the third industry has a positive
eﬀect on the passenger volume, but there exist diﬀerences in
the eﬀects of industries; the inﬂuence value of the ﬁnancial
industry on the passenger volume is the highest, and 1%
increase in this will increase the passenger volume by 161.46
tens of thousands of people. The ﬁnancial industry is followed by leasing and commercial service, accommodation
and restaurants, real estate, information transmission,
software and information technology services, and others.
The combined analysis of the industrial development
speeds is as follows: assume that the development speed of
accommodation and restaurants increases by 1% along with
the information transmission and software and information
technology services. Then, the passenger volume in 2020 will
be 164159.85 tens of thousands of people; thus, it will diﬀer
by 29.34 tens of thousands of people from the passenger
volume predicted in Section 3.2. In Figure 2, it can be seen
that when the development speeds of accommodation and
restaurants, information transmission, and software and
information technology services increase by 1%, the increase
of passenger volume will be 29.38, so the prediction error is
0.1%. The error of the other industries’ combination can be
obtained using the results presented in Figure 2.
Considering that the third industry has a positive eﬀect
on the passenger volume, the maximum passenger volume
can be obtained using the maximum development speed of
the third industry. The maximum development speed from
2012 to 2015 is R � 111.0%, which is 1.3% larger than
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Investment
growth rate

Fixed asset investment in transportation,
storage, and postal industry

Resident
consumption
level growth
rate
Resident consumption
level

GDP

Highway
passenger
traﬃc

Highway passenger
traﬃc growth rate

GDP growth

Highway
mileage

Highway mileage

CPI

Highway
passenger
traﬃc
growth rate
Railway operating
mileage

Railway
passenger
traﬃc

Railway operating
mileage growth rate

Figure 2: Causal relationship diagram and system ﬂow diagram.
Table 7: Simulation results of highway passenger traﬃc and railway passenger traﬃc based on growth rate.
Year
Passenger volume

2016
136660

2017
139345

2018
134953

2019
133562

2020
139972

20.000
15.000
10.000

Public management and social organization

Culture, sports and entertainment

Health, social security, and social welfare

Education

Resident services and other

Water, environment, and public facilities management

Research and experimental development industry

Leasing and commercial service

Real estate

0.000

Infor transmission, software and technology

5.000
Accomodation and restaurants

Passenger volume
(ten thousand people)

25.000

Figure 3: Sensitivity of the province passenger volume.

R � 109.56%. Thus, when the development speed of the third
industry increases by n percent, the passenger volume will be
KY � 140504.812 + 23625.975 ∗ (1 + n).

(12)

For instance, at n of 1.3%, the elastic range of the
passenger volume is [164130.5, 164437.9] in tens of thousands of people.

KY = 17948.235 + 3374.675 ∗ (1 + n)
[21312.87, 21366.78]

(c)

Figure 4: Continued.
(d)

Tongchuan

KY = 2183.233 + 447.126 ∗ (1 + n)
[2630.36, 2636.17]

Health, social security, and social welfare

Education

Resident services and other

Water, environment, and public facilities management

Public management and social organization

7
6
5
4
3
2
1
0
Public management and social organization

(b)

Culture, sports, and entertainment

KY = 10675.757 + 2025.381 ∗ (1 + n)
[12701.12, 12727.47]

Culture, sports, and entertainment

Health, social security, and social welfare

Education

Resident services and other

Xianyang

Research and experimental development industry

Leasing and commercial service

Real estate

Infor transmission, software, and technology

Accomodation and restaurants

Passenger volume
(ten thousand people)

Yulin

Water, environment, and public facilities management

(a)

Research and experimental development industry

Leasing and commercial service

KY = 9607.207 + 595.947 ∗ (1 + n)
[10203.14, 10210]

Real Estate

Infor transmission, software, and technology

7
6
5
4
3
2
1
0
Passenger volume
(ten thousand people)

Public management and social organization

Culture, sports, and entertainment

Health, social security, and social welfare

Education

Resident services and other

Water, environment, and public facilities management

Research and experimental development industry

Leasing and commercial service

Real estate

Infor transmission, software, and technology

Accomodation and restaurants

Passenger volume
(ten thousand people)
7
6
5
4
3
2
1
0

Accomodation and restaurants

Public management and social organization

Culture, sports, and entertainment

Health, social security, and social welfare

Education

Resident services and other

Water, environment, and public facilities management

Research and experimental development industry

Leasing and commercial service

Real Estate

Infor transmission, software, and technology

Accomodation and restaurants

Passenger volume
(ten thousand people)
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7
6
5
4
3
2
1
0
Yanan

Passenger volume
(ten thousand people)

Public management and social organization

Culture, sports, and entertainment

Health, social security, and social welfare

Education

Resident services and other

Water, environment, and public facilities management

Research and experimental development industry

Leasing and commercial service

Real estate

Infor transmission, software, and technology

Passenger volume
(ten thousand people)

7
6
5
4
3
2
1
0
7
6
5
4
3
2
1
0

KY = 42379.097 + 7306.771 ∗ (1 + n)
[49685.78, 49780.86]

(g)

Figure 4: Continued.

(h)

KY = 5130.205 + 965.633 ∗ (1 + n)
[6095.83, 6108.39]
Public management and social organization

Culture, sports, and entertainment

Health, social security, and social welfare

Education

Resident services and other

Xian

Public management and social organization

Culture, sports, and entertainment

Health, social security, and social welfare

Education

Resident services and other

Water, environment, and public facilities management

Research and experimental development industry

Leasing and commercial service
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(e)
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KY = 17019.069 + 3260.211 ∗ (1 + n)
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KY = 13201.208 + 2645.72 ∗ (1 + n)
[15846.90, 15881.32]

(f )
Shangluo
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KY = 12412.712 + 2375.959 ∗ (1 + n)
[14788.65, 14819.56]
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Water, environment, and public facilities management

Research and experimental development industry
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0
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Public management and social organization
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Ankang

Resident services and other

Water, environment, and public facilities management

Research and experimental development industry

Leasing and commercial service

Real estate

Infor transmission, software, and technology

Accomodation and restaurants

Passenger volume
(ten thousand people)

Hanzhong
7
6
5
4
3
2
1
0

KY = 9947.269 + 636.983 ∗ (1 + n)
[10584.24, 10592.53]

(i)

(j)

Figure 4: Sensitivity of passenger volume and elastic space in 2020 in tens of thousands of people.

By using the same analysis, the passenger volume in the
ten cities can be obtained. The passenger volume is strongly
inﬂuenced by the ﬁnancial industry. Since there is a large
diﬀerence in the inﬂuences of the ﬁnancial industry and
other industries on the passenger volume, the inﬂuence of
the ﬁnancial industry is omitted in order to provide a clearer
representation of the inﬂuences of the other industries on
the passenger volume in cities. In Figure 4, the functions are
given for the development speed increased by 1%, and they
represent the maximum passenger volume in the cities,
while the provided ranges correspond to the passenger
volume in 2020 at n of 1.3%.
The inﬂuence of the Silk Road Economic Belt on each
prefecture-level city is shown in in Figure 4, and the contribution level of each industry can also be clearly known.
The traﬃc management department of each city can
make the construction plan in the next year based on the
predicted passenger volume so as to avoid the investment
waste or shortage to meet the travel demand.

5. Conclusion
Passenger volume prediction is a theoretical foundation for
the construction of transportation infrastructure in a region.
This study presents the results of passenger volume prediction in a region when the direct and indirect impacts of
industrial investment on transportation are considered.
Compared to variables like GDP and gross output, the
correlation between transportation consumption and passenger volume is the highest. Also, the cities and province’s
passenger volumes are predicted considering the industry
inducement, which can provide an accurate and reliable

reference to the planning and construction of Shaanxi
Province transportation in the future. The sensitivity analysis is used to analyze the sensitivity of the investment
uncertainty of the third industry to the passenger volume in
Shaanxi Province. Taking into account the positive impacts
of the industries on the passenger volume, the linear relationship between the 1% increase in the development speed
and the passenger volume of the cities and province is
obtained; meanwhile, the elastic ranges of the passenger
volume in diﬀerent cities are presented. The proposed model
can be used by the transport planners to determine traﬃc
construction capacity and investments in the future, which
avoids the insuﬃcient traﬃc capacity or unnecessary investment. In the future, the predictive accuracy of induced
passenger value calculated by the relationships between
induced passenger volume, total volume, and trend volume
obtained in this paper still needs further analysis and research. Attraction degree, accessibility, and industry complementarity degree can be added to the proposed prediction
model to further predict and determine the induced passenger volume in prefecture-level cities. Furthermore, the
inﬂuence of other policies and special emergency situation
will be the next research focus.
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