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Abstract: Reasonable and effective passenger flow forecasting is a prerequisite for the initial investment planning of tourist-dedicated train projects, improving operational
efficiency and market competitiveness. Based on the classification and analysis of tourist-dedicated train passenger flow, this paper introduces the theory of system dynamics
to forecast the passenger flow of tourist-dedicated train. The system dynamics equation of passenger flow forecasting is constructed, and the causal loop diagram and
system flow diagram of the forecasting system are analyzed. The development of tourist-dedicated train passenger flow is forecasted by two examples of different scales.
The research results show that the system dynamics method is feasible and applicable for the passenger flow forecasting of the tourist-dedicated train, and the introduction

of this method provides a new theoretical reference for the study of this problem.
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1 INTRODUCTION

In recent years, the scale of China's railway network
has been accelerating, the number of tourists driven by the
railway has increased significantly, which has greatly
promoted the vitality upgrading of the tourism industry.
Choosing railway as the main means of transportation for
tourism has incomparable advantages over other means of
transportation. In addition to convenient and fast arrival
and low fares, it also has the characteristics of flexible train
selection, comfortable travel environment and can enjoy
scenery along the train line. Different from the traditional
railway tourism train, the tourist-dedicated train is a
tourism product of ‘"integration of tourism and
transportation." It has both tourism and transportation
attributes. In addition to achieving the goal of transporting
passengers, it also includes various tourism services for
dedicated train passengers. From this point of view, the
tourist-dedicated train can be defined as a full range of
tourism service products, including transportation,
provided to the tourist population, operated by railway
transport enterprises. The railway tourism market has great
market potential. It is of great meaning to operate
tourist-dedicated trains and launch corresponding
dedicated train products. The passenger flow data of
tourist-dedicated train is an important data basis for the
preparation of dedicated train transportation plan, capacity
scheduling, personnel organization, economic evaluation
and operation effect summary. Through the forecasting
research, it reveals the formation and development law and
change trend of the passenger flow of the tourist-dedicated
train, analyzes the development ways and conditions of the
passenger flow of the dedicated train, and judges the future
state of the passenger flow of the dedicated train, so as to
put  forward the  corresponding  management
decision-making scheme. Therefore, the forecasting of the
transportation demand of the tourist-dedicated train is not
only an important basis for the railway transportation
department to formulate and optimize the operation plan
and product train line plan of the tourist-dedicated train,
but also an important prerequisite for the railway
enterprises to provide various service guarantees for the
dedicated train passengers.

2 LITERATURE REVIEW

In the current research, there are many related
researches on passenger flow forecasting, which are
summarized from three aspects: railway passenger flow
forecasting, tourism passenger flow forecasting, and
research methods.

(1) Railway passenger volume forecasting.

Tsai, Wei et al. and Wang et al. proposed that neural
network structure can be used to forecast short-term
passenger demand in railway and subway operation
planning [1-3]. Jiang et al. believe that the forecasting of
high-speed railway passenger flow takes into account the
recent (such as next week, next month ) daily demand
changes, and is the most critical step in the planning,
operation decision-making and dynamic operation
adjustment of high-speed passenger railway. A short-term
demand forecasting method based on grey theory
combined with vector machine model is proposed [4]. Jiao
et al. [5] believe that short-term passenger flow forecast is
a prerequisite for rational operation and management of rail
transit system. A modified Kalman filter model for
passenger flow forecast of Beijing rail transit is proposed
[5]. The multivariate system dynamics forecasting method
proposed by Yin is used to forecast traffic time series. This
method has broad application prospects in forecasting [6].
(2) Tourism passenger flow forecasting.

Kon et al., Chen et al. believed that the accurate forecasting
of tourist flow is very important for perceiving potential
tourism demand and evaluating the level of tourism
infrastructure, and that there is uncertainty in tourist flows
[7, 8]. Cho used time series forecast technology to forecast
the travel demand to Hong Kong [9]. Sun et al. believe that
in view of the impact of tourism market volatility on
forecasting accuracy, the grey-Markov chain grey model is
used to focus on small sample observations and
exponential distribution samples [10]. Yao believes that the
focus of economic development in tourist areas includes
tourist sources and tourism demand forecasting, and
proposed a paired neural network forecasting model [11].
(3) The application of system dynamics in forecasting.
System dynamics is a system simulation method founded
by Professor Jay W. Forrester and used for management
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optimization. After years of development, it has become a
research tool for system science and management science
[12, 13]. At present, the system dynamics model has been
applied to the forecasting and simulation research in many
fields such as carbon neutralization, air transportation,
railway transportation, etc.

Li et al. believed that the system dynamics method can
effectively predict the power consumption, and the
prediction results can provide data basis for power
dispatching [14]. Diana et al. forecasted the number of
flights and the number of passengers in the airport through
the method of system dynamics, as the basis for the
reconstruction and expansion of the airport station hall and
the determination of the scale of runway expansion [15].
Suryani et al. believed that factors such as fare, economic
level, service quality, number of incoming flights, and
regional population can constitute a passenger flow
forecasting system for aviation hubs, and forecast
passenger flow through system dynamics methods [16].
Feng et al. [17] analyzed the influencing factors of railway
freight transportation, applied system dynamics to the
forecast of railway freight transportation capacity, and
constructed a railway freight volume system model. Mou
[18] considered that the railway passenger flow is a
complex multi-factor system, and used the system
dynamics modeling method to forecast the annual flow of
China's high-speed rail.

3 TOURIST-DEDICATED TRAIN PASSENGER FLOW
CLASSIFICATION

The passenger flow of tourist trains can be divided into
the following three categories. The sum of the three types
of passenger flow is the total passenger flow.

(1) Trend passenger flow

Trend passenger flow refers to the relatively stable
passenger flow under the influence of factors such as the
economic level, population, consumption level and tourism
habits of the source area. This part of the passenger flow
crowd has tourism habits and hobbies, and has the
economic ability of the crowd, or with tourism-related
occupations such as photographers, network anchors, etc.,
with cyclical tourism needs of the crowd, including the
existence of long-term cooperation in the marketing
department. The fixed passenger flow generated by the
source organization unit, such as: cooperation with the
education department of the source area, the use of students
' winter and summer vacations, the ' study tour ' dedicated
train, the 'team building' and the theme dedicated train in
cooperation with enterprises and institutions. Generally,
the higher the economic level and population base of the
source area, the higher the trend passenger flow affected by
tourism demand, which is a gradual growth relationship.
(2) Induced passenger flow

The induced passenger flow is attracted by the railway
passenger transport department after the publicity of the
dedicated train products. The process of attracting
passenger flow is a gradual dynamic process. The railway
transportation department improves the quality of the
dedicated train products, such as economy, professionalism,
comfort, transportation capacity, experience,
customization, new tourism route development, etc., as
well as the implementation of the new line plan and the

adjustment of the new line plan, so that some people who
are not willing to travel are willing to choose to travel on
the dedicated train, that is, the potential tourism demand of
these people is activated, thus bringing passenger flow to
the dedicated train. This process has step fluctuation
characteristics.

(3) Transferred passenger flow

This passenger flow is attracted by the tourism mode and
service of the tourist-dedicated train after the opening of
the tourist-dedicated train. It can choose other modes of
transportation or tourism, but instead choose the
tourist-dedicated train. Transfer passenger flow is the
passenger flow attracted by the railway transportation
department after competing with other tourism
organizations in the market competition by improving its
own product strength. The generation of this passenger
flow is related to the competitiveness of other tourism and
transportation modes. It lies in the change of the sharing
rate of tourism passenger flow in the system, which is
uncertain.

4 BASIC PRINCIPLES OF SYSTEM DYNAMICS AND
TOURIST-DEDICATED TRAIN PASSENGER FLOW
FORECASTING BASED ON SYSTEM DYNAMICS

4.1 Brief Introduction of System Dynamics

The operation system of tourist-dedicated train is a
typical social and economic system, and the passenger flow
analysis system, as a part of the operation system of
tourist-dedicated train is also a part of the social and
economic system of tourist-dedicated train.

Determine the research content,
objectives and tasks

Research on passenger flow System
forecasting task analysis
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of the problem
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Figure 1 The workflow of the system dynamics model of tourist-dedicated train
passenger flow forecasting
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The system dynamics model can be used to set multi-
mode scenarios of different factor combinations to forecast
and analyze the demand of tourist-dedicated trains, which
is an applicable method for demand forecasting of complex
systems. Starting from the internal and external system
mechanism of tourist-dedicated train passenger flow, the
causal relationship between population, economy, facility
investment, civil aviation and other factors related to the
formation of passenger flow is analyzed, and the
forecasting model of passenger flow based on system
dynamics is constructed. The specific system workflow is
shown in Fig. 1.

4.2 Tourist-dedicated Train Passenger Flow Forecasting
Based on System Dynamics

The purpose of this chapter aims to analyze the
mechanism and related influencing factors of the formation
and evolution of the passenger flow of the tourist-dedicated
train; the system dynamics forecasting model of the
corresponding passenger flow forecasting is established,
and a variety of scenarios are set up to reasonably forecast
the change of passenger flow.

4.2.1 Analysis of Influencing Factors of Tourist-dedicated
Train Passenger Flow

This section selects the forecast of tourist-dedicated
train passenger flow as the research object. Before
constructing the system dynamics model, according to the
existing research [14-25], combined with the
characteristics of the passenger flow of the dicated train,
the key influencing factors of the passenger flow of the
dedicated train passenger flow are extracted from many
possible factors. The causal loop diagram between the
elements is constructed, and the positive and negative
feedback loops of the loop diagram are analyzed, and the
corresponding dynamic hypothesis is proposed. The key
influencing factors are analyzed as follows:

(1) Population quantity.

Tourism activities are completed by people. The number of
population as the base determines the number of tourism
demand. The number of regional population is a general
number. In addition, the number of regional population is a
crucial part of many transportation systems. In many
sustainable development models, the dynamic influence of
population factors must be considered. The development of
population changes directly affects the choice of
transportation modes and the change of transportation
quantity. In the construction of forecasting system,
population is an important system variable and an
indispensable influencing factor in demand forecasting
research.

(2) Economic conditions of source areas.

Passenger demand is a reflection of passenger travel
demand and an important reflection of the vitality of
national economic and social activities. Passenger demand
is greatly affected by economic and social factors, among
which a good economic environment has created a large
number of travel demands. For tourist flow, the higher the
economic level of the tourist source area, the more likely it
is to generate tourist flow, and the higher the proportion of
railway tourism in passenger flow.

(3) GDP per capita factor.

Per capita GDP is the basis of personal consumption ability
and the reflection of tourism consumption ability. Usually,
per capita GDP is proportional to personal disposable
income. The growth of per capita GDP level will bring
about the improvement of living standards, thus
stimulating individual demand for leisure activities such as
tourism. This in turn leads to an increase in travel behavior.
Per capita GDP is also an important background for the
upgrading of tourism consumption level. The higher the
per capita GDP, the higher the potential tourism demand.
(4) Train line plan and timetable.

The dedicated train line plan includes the stop plan and the
number of dedicated trains. It is an important factor in the
supply of dedicated train services and a supply side that
meets the balance between supply and demand of
passenger flow. The dedicated train timetable is a
time-based product for passengers ' travel choices.
Through reading it, passengers can obtain travel
information and stimulate travel demand.

(5) Competition of other modes of transport.

The tourism traffic mode of the dedicated train is mainly
aimed at the medium and long distance. Within this
distance range, high-speed rail, aviation and so on, as the
representative of fast and comfortable travel mode, have a
strong attraction in the medium and long distance travel. In
terms of scale, in the future, civil aviation and high-speed
rail will continue to form a competitive pattern for tourism
trains. Some airlines also attract tourists by setting up travel
agencies or forming transportation-tourism associations
with other travel agencies. These competitions have an
impact on tourists' travel behavior, which in turn affects the
formation of passenger demand for dedicated trains.

(6) Competition from other forms of tourism.

The dedicated train can replace the physical hotel and
avoid the hardship of passengers carrying luggage back and
forth. However, in terms of comfort, there is still a certain
gap between the dedicated train and the physical hotel, and
the two constitute a competitive advantage. There is
competition in the choice of tourists' travel behavior
between the dedicated train travel mode and the 'free travel',
self-driving travel and other travel modes. Therefore, it is
of great significance to study how to learn from each other
to improve the satisfaction of special train passenger flow
and improve the competition between dedicated train and
other tourism modes to promote the growth of passenger
flow.

(7) Tourist-dedicated train supply factors.

The supply of tourism trains is an important supply-side
factor of rail passenger demand, including displacement
supply and service supply. The displacement supply refers
to the supply of transportation services provided by the
dedicated trains, including the number of dedicated trains
that can be operated, the number of available locomotives,
and the station capacity. It also includes the railway
passenger transport mileage, the coverage of the railway
station to the scenic areas, the accessibility level of the
dedicated trains, and the distribution capacity of the station
connection. Generally, the longer the passenger mileage,
the higher the coverage rate, the accessibility level and the
station connection distribution, the more conducive to the
development of the dedicated train line, so that there are
more options available to tourists, the more conducive to
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attracting more tourists to use the dedicated train for
tourism activities. The service supply refers to the services
exported by the passenger transport department, including
passenger transport services such as midway train
accommodation and catering, and tourist-dedicated train
tourism services such as guided tours, commodity and
souvenir sales, and performances. These services are
unique to the dedicated train and do not have other modes
of transportation. They have certain attraction to tourists.
The richer the supply and the higher the service quality, the
more conducive they are to attracting more tourists.

(8) Income of tourist-dedicated trains.

The income of the dedicated train is a reflection of the
operation efficiency and passenger flow level of the
dedicated train. It is the guarantee to maintaining the
competitiveness of the dedicated train project in the
tourism market, and it also has a certain impact on
attracting passenger flow and maintaining stable passenger
flow.

(9) Tourist-dedicated train ticket price.

In the formulation of the ticket price of the dedicated train
for tourism, it is necessary to consider the service level
provided and the product attributes of the dedicated train
as a tourism product, which is not a simple displacement
pricing. Pricing directly affects tourists' travel behavior
choice and travel experience. Reasonable pricing, usually
through careful market research, helps to attract passenger
flow and improve the competitiveness of dedicated train
products.

(10) Tourist-dedicated train hardware facilities.

The hardware facilities of the dedicated train include the
environmental layout of the soft sleeper cabin, the dining
cabin, and the functional theme cabin. The degree of
facility improvement is very important for the passenger's
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(11) Dedicated train service level.

The service level of dedicated trains refers to the
comprehensive and detailed service of passenger transport
service level and tourism service level, which helps to
improve passenger satisfaction and attract passenger flow.
(12) Profit input ratio.

The proportion of the profit part used to expand the
operation scale or improve the operation level after
deducting the operation cost from the income obtained by
the dedicated train operation department. If the input ratio
is too low, the transportation capacity cannot be improved,
and too high will cause waste of resources.

(13) Tourism attraction factors.

Tourism environmental conditions are one of the important
factors to attract tourists. The primary consideration of the
running of the dedicated train includes the influence scope
of the scenic spots covered by the line and the degree of
attraction of the scenic spots to the tourists. Whether the
tourism environment is attractive to the dedicated train
tourists needs to be considered from many aspects, such as
the level and classification of the scenic areas, the local
propaganda of the scenic spot, the policy support and so on.

4.2.2 Analysis of Causality

The relationship between the factors in the system is
relatively complex. In order to clarify the relationship
between the factors, it is a necessary step to draw a causal
loop diagram, in order to qualitatively express the
relationship. The tourist-dedicated train's causal loop
diagram passenger flow forecasting system is shown in Fig.
2.
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Figure 2 The causal loop diagram of the passenger flow of the tourist-dedicated train

The feedback relationship between various factors in
the system is complex, and the causal loop diagram is
sorted out. By combing through the diagram, eleven causal
feedback loops can be obtained, of which eight main causal
feedback loops are as follows:

Feedback loop 1: Dedicated train income— + Profit input
ratio—+Railway infrastructure investment—+Ability to
gather and distribute tourists—+ Tourist-dedicated train
supply—+ Passenger Service Level—+ Tourist-dedicated
train service level»>+ Dedicated train freight rate—+

Dedicated train income.

This loop is a positive feedback loop, reflecting the impact
of train operation income and infrastructure investment on
dedicated train travel supply and dedicated train service
level.

Feedback loop 2: Dedicated train income— + Profit input
ratio— + Dedicated train facility investment— +
Dedicated train grouping and quantity— -+ Passenger
Service Level— + Tourist-dedicated train service level—
+ Dedicated train freight rate— + Dedicated train income.
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This loop is a positive feedback loop, reflecting the causal
feedback relationship between the train vehicle support

capability and the service level in the dedicated train supply.

Feedback loop 3: Dedicated train income— + Profit input
ratio— + Personnel and job input— + Passenger Service
Level» + Tourist-dedicated train service level—»> +
Dedicated train freight rate— + Dedicated train income.
This loop is a positive feedback loop, reflecting the causal
feedback relationship between personnel post input and
passenger service level and dedicated train income.
Feedback loop 4: Dedicated train passenger flow volume—
+ Profit input ratio— + Dedicated train facility
investment— + Dedicated train grouping and quantity— +
Tourist-dedicated train supply— + Passenger Service
Level> + Tourist-dedicated train service level—> +
Induced passenger flow volume— + Dedicated train
passenger flow volume.

This loop is a positive feedback loop, reflecting the impact
of the investment level of the dedicated train facilities on
the induced passenger flow.

Feedback loop 5: Dedicated train passenger flow volume—
+ Profit input ratio— + Railway infrastructure
investment— + Ability to gather and distribute and
transport tourists— + Tourist-dedicated train supply— +
Passenger Service Level— + Tourist-dedicated train
service level—> + Induced passenger flow volume— +
Dedicated train passenger flow volume.

This loop is a positive feedback loop, and the impact of
railway infrastructure investment on passenger service
level and induced passenger flow.

Feedback loop 6: Dedicated train passenger flow volume—
+ Dedicated train income— + Profit input ratio— +
Personnel and job input— + Passenger Service Level— +
Tourist-dedicated train service level—» + Induced
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This loop is a positive feedback loop, reflecting the causal
feedback relationship between the operating income of the
dedicated train, the input of personnel positions, and the
freight rate of the dedicated train and the induced passenger
flow.

Feedback loop 7: Dedicated train passenger flow volume—
+ Dedicated train income— + Profit input ratio— +
Related Investments— + Passenger Service Level— +
Tourist-dedicated train service level— + Dedicated train
freight rate—-Induced passenger flow volume— +
Dedicated train passenger flow volume.

This loop is a negative feedback loop. The feedback loop
shows that the higher the dedicated train freight rate, the
easier it is to reduce the potential travel demand, reduce the
induced passenger flow, and thus affect the passenger flow.
Feedback loop 8: Tourist-dedicated train service level— +
Induced passenger flow volume— + Dedicated train
passenger flow volume— + Dedicated train income— +
Related Investments— + Travel supply— + Passenger
Service Level— + Tourist-dedicated train service level
This loop is a positive feedback loop, reflecting the causal
feedback relationship between travel supply, train service
level and induced passenger flow, dedicated train
passenger flow and dedicated train income, and investment

supply.
4.2.3 System Flow Diagram Analysis

According to the above causal feedback relationship,
the main feedback loops are combined to obtain the flow
chart of the tourist-dedicated train passenger flow
forecasting system, as shown in Fig. 3.
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Figure 3 Flow chart of tourist-dedicated train passenger flow forecasting system

4.2.4 Model Establishment and Test

Considering the influence of many factors on
passenger flow forecasting, the following assumptions are
made before constructing the system dynamics model:

(1) Assuming that the irresistible factors of tourism

passenger flow will not appear in the simulation period, the
system model is continuous, and each variable is within the
effective control range, such as public health events that
affect major government policy changes in tourism and
railway transportation, epidemics, etc.

(2) Assume that the external environment of the system
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model has a very small impact on the internal system,
which can be ignored.

(3) There is a certain regularity in the rate of change of
factors such as the wage level of the tourism industry, the
per capita consumption of tourism, and the number of
scenic spots, that is, the trend of convergence with the
historical rate of change.

(4) The dynamic cycle process of the system will not
change the nature of the internal elements of each
subsystem. The change of the parameters of the relevant
elements in the system can have an impact on the
prediction of the passenger flow of the dedicated train, that
is, the future development trend.

According to the system flow diagram structure, the system
dynamics model is constructed by combining the key
variable analysis and other available data. The main
DYNAMO model equations are as follows:

(1) INITIAL YEAR = 2008

(2) FINAL YEAR = 2035

(3) SAVEPER = TIME STEP, Units: Year

(4) TIME STEP = 1, Units: Year

(5) Population quantity =  INTEG  (Birth
population — Death population, Initial value)

(6) Birth population = Population quantity x Birth rate,
Units: Ten thousand people / year

(7) Death population = Population quantity x Mortality rate,
Units: Ten thousand people / year

(8) Birth rate = WITH LOOKUP (Table function, Time),
Units: Dmnl / year

(9) Mortality rate = WITH LOOKUP (Table function,
Time), Units: Dmnl / year

(10) Dedicated train income = Tourist-dedicated train
passenger flow volume x Average consumption of
dedicated train passengers, Units: Ten thousand yuan

(11) The contribution of tourist-dedicated train project to
GDP = Dedicated train income / Regional secondary and
tertiary GDP

(12) Regional secondary and tertiary GDP = WITH
LOOKUP (Table function, Time), Units: 100 millon yuan /
year

(13) Tourist-dedicated train investment = Dedicated train
income X Income investment ratio + Additional subsidy
input for dedicated trains, Units: Ten thousand yuan / year
(14) Tourist-dedicated train investment = Equipment and
facilities  investment +  Investment in  train
facilities + Tourist-dedicated train line development and
design investment, Units: Ten thousand yuan / year

(15) The economic level of the  source
area = INTEG (Economic growth rate — Economic
hindrance rate, Initial value), Units: Dmnl

(16) Economic growth rate = WITH LOOKUP (Table
Function, Time), Units: Dmnl

(17) Economic hindrance rate = WITH LOOKUP (Table
Function, Time), Units: Dmnl

(18) Equipment and facilities investment = Investment in
distribution facilities Units: Ten thousand people / year
(19) Investment in train facilities = Personnel post
investment ratio X Tourist-dedicated train investment,
Units: Ten thousand yuan / year

(20) Connection facility investment = Investment ratio of
distribution facilities x Tourist-dedicated train investment,
Units: Ten thousand yuan / year

(21) Investment in distribution facilities = Investment

Ratio of Train Facilities x Tourist-dedicated train
investment, Units: Ten thousand yuan / year

(22) Tourist-dedicated train line development and design
investmen = R & D investment ratio of dedicated train
products x Tourist-dedicated train investment, Units: Ten
thousand yuan / year

(23) Supply and demand balance coefficient =
Tourist-dedicated train supply quantity / Trend passenger
flow volume, Units: Dmnl

(24)  Investment in  personnel  positions =
Tourist-dedicated train investment x Personnel post
investment ratio, Units: Ten thousand yuan / year

(25) Investment  ratio of  equipment  and
facilities + Personnel post investment ratio + R & D
investment ratio of dedicated train products = 1

(26) Additional subsidy input for dedicated trains =
Additional subsidy input for dedicated trains x The growth
ratio of additional investment of dedicated train, Units: Ten
thousand yuan / year

(27) Dedicated train income = Average consumption of
dedicated train passengers x Tourist-dedicated train
passenger flow volume, Units: Ten thousand people / year
(28) Dedicated train supply = Investment in train facilities
/ Average cost of dedicated train, Units: Train

(29) Tourist-dedicated train supply quantity = INTEG
(Tourist-dedicated train supply increment, Initial value),
Units: Train

(30) Tourist-dedicated train supply increment = The degree
of perfection of equipment and facilities + Dedicated train
supply x Dedicated train conversion factor, Units: Train
(31) Number of dedicated train employees = INTEG (The
growth rate of dedicated train employees — Train employee
wastage rate, Initial value), Units: Ten thousand people
(32) The growth rate of dedicated train employees =
Incoming labor force X Dedicated train personnel
employment ratio, Units: Ten thousand people

(33) Incoming labor force = Population quantity x Ratio of
population to labor force conversion, Units: Ten thousand
people

(34) Train employee wastage rate = Number of dedicated
train employees x Other similar industry attraction factor,
Units: Dmnl

(35) Other similar industry attraction factor = Job demand
coefficient of other similar industries + Wage level
coefficient of other similar industries, Units: Dmnl

(36) Job demand coefficient of other similar industries =
WITH LOOKUP (Table Function, Time), Units: Dmnl
(37) Wage level coefficient of other similar industries =
Wage levels in other similar industries x Wage coefficient
conversion rate Units: Dmnl

(38) Wage levels in other similar industries = WITH
LOOKUP (Table Function, Time), Units: Ten thousand
yuan / year

(39) Trend passenger flow volume = INTEG (Trend
passenger flow growth rate), Units: Ten thousand people
(40) Trend passenger flow growth rate = The economic
level of tourist source area x Economic impact parameters
+ Population quantity X Population impact parameters,
Units: Dmnl

(41) Policy attraction factor = Tourism attraction policy x
Attraction coefficient, Units: Dmnl

(42) Ticket price induction factor = (Idea ticket price —
Actual ticket price) x conversion coefficient, Units: Dmnl
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(43) Tourism attraction factor = Tourism attraction
coefficient x Number of A-level scenic areas + Propaganda
efforts of scenic area, Units: Ten thousand people

(44) Number of A-level scenic areas = WITH LOOKUP
(Table function, Time), Units: area

(45) Propaganda efforts of scenic areas = WITH LOOKUP
(Table function, Time), Units: Dmnl

(46) Transferred passenger flow volume = Total passenger
flow volume of passenger flow channel x Transferred
passenger flow growth rate, Units: Ten thousand people
(47) Transferred passenger flow growth rate = Competition
coefficient of other tourism traffic modes + Competition
coefficient of other tourism modes, Units: Ten thousand
people

(48) Induced passenger flow volume = INTEG (Induced
passenger flow growth rate, Initial value), Units: Ten
thousand people

(49) Induced passenger flow growth rate = Tourism
attraction factor + Policy attraction factor + Supply
inducing factor + Ticket price induction factor

(50) Tourism resources attraction = Number of A-level
scenic areas x Tourism resource conversion coefficient
(51) Policy attraction factor = WITH LOOKUP (Table
Function, Time), Units: Ten thousand people

(52) Supply inducing factor = Tourist-dedicated train
supply quantity x The influence factor of the supply of the
dedicated train on the total supply + Tourist-dedicated train
line development and design investment X The impact

factor of dedicated train development on total supply, Units:

Dmnl

(53) Other modes of transportation competition factor =
lookup (Time, Table Function), Units: Dmnl

(54) Other forms of tourism competition factor = lookup
(Time, Table Function), Units: Dmnl

(55) Tourist-dedicated train passenger flow volume =
Trend passenger flow volume + Induced passenger flow
volume + Transferred passenger flow volume, Units: Ten
thousand people

The dimension and boundary test of the model, the model
logic test, and the validity test compared with the
traditional forecasting method can determine that the
model in this paper meets the theoretical requirements.

5 ANALYSIS OF EXAMPLES
5.1 Example Background

The model is verified by a small-scale example and a
large-scale example. The simulation forecasting time step
of the example is 1 year. Considering the influence of
factors such as the COVID-19 from 2019 to 2022, it is a
special case that does not have the general forecasting law,
and the relevant data during this period is not used as the
reference source of the forecasting data. The dynamic
model in the example is simulated and verified by Vensim
PLE 7.3.5. The main data sources of the system dynamics
model are data published by data sources such as China
National Statistical Yearbook, industry data, and China
Railway Statistical Yearbook

5.2 Example
5.2.1 Small-scale example

Taking the passenger flow forecasting problem of the

tourist-dedicated train project of Lanzhou Railway Bureau
Group Company of China as a small-scale example, the
source areas include Lanzhou-Xining Northwest Urban
Circle, Lanzhou-Xi'an Northwest Urban Circle,
Lanzhou-Yinchuan Northwest Urban Circle. The relevant
data from 2014 to 2017 are selected for testing. Among
them, 2014 is the first year of the benchmark, and the time
step is set to 1 year. The results are compared with the
prediction results of grey GM (1, 1) model, linear
regression model and neural network. All of the three are
classical prediction theories, in which the grey GM (1, 1)
model is the mean form differential GM (1, 1 ) model, the
regression model adopts the polynomial linear regression
model, and the neural network adopts the generalized
regression neural network (GRNN). The relevant
parameters of the system dynamics model are set as
follows:

The index of economic related factors in the system flow
chart is quantified by the total GDP of the tertiary industry.
From 2014 to 2019, the GDP growth rate of the secondary
and tertiary industries is 3% - 4.5%, and the economic
hindrance rate is 0.13% - 0.65%, and the forecast period is
unchanged. There are 74 scenic spots above 4A covered by
Lanzhou Railway Bureau Tourism Train. In terms of
demographic factors, the birth rate of Gansu Province, the
main tourist source of the special train, ranges from 7.65%o
to 8.83%o, the mortality rate ranges from 8.23%o to 9.12%o,
the population growth rate ranges from —0.67%o to —0.29%o,
the population labor conversion ratio is 49% to 72%, and
the employment ratio of the dedicated train personnel is
0.0068. The investment ratio of tourist-dedicated train
income is 0.13, the investment ratio of connecting facilities
is 0.23, the investment ratio of distribution facilities is 0.23,
the investment ratio of dedicated train facilities is 0.21, the
investment ratio of personnel positions is 0.08, and the
investment ratio of dedicated train product development is
0.12. The additional investment growth ratio of the
dedicated train is 0.14. In terms of the cost of
tourist-dedicated trains, the cost of different theme
carriages is different. Usually, the cost of upgrading and
reconstruction of single carriages is 1.9 million yuan, and
new cars are purchased directly. The unit price of single
carriages is between 3.5 million and 4 million yuan. In the
example, it is assumed that 12 new carriages are purchased
every year to form 1.5 trains of dedicated trains and 18 cars
are transformed. The wage level coefficient of other similar
industries is 0.075, the job demand coefficient of other
similar industries is 0.029, the value range of competition
parameters of other tourism modes is —0.21 ~ 0.09, the
value range of competition parameters of other tourism
transportation modes is —0.17 ~ 0.45, the employment ratio
of dedicated train personnel is 4/106, the value of economic
impact parameter is 0.0017, the value of population impact
parameter is 0.00083, the value range of tourism supply
factor is 0 ~ 0.0036, and the value range of tourism
induction factor is 0.0013 ~ 0.0044. The value range of fare
induction factor is 0 ~ 0.0092, the value range of policy
attraction factor is 0 ~ 0.0069, and the value range of
dedicated train service quality factor is 0 ~ 0.0042. The
forecasting results and error data calculated by the system
dynamics model and the three comparison model
forecasting methods are shown in Tab. 1. The relative error
in the table is the percentage of the absolute value of the
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difference between the actual value and the predicted value
of each forecasting model to the actual value. Three
indicators are used to predict and evaluate different
prediction results. In addition to the relative error
percentage, the evaluation index also uses three indicators
widely used in three transportation fields, namely, the
average absolute error MAE, the absolute percentage error
MAPE, and the root mean square error RMSE. The
calculation formula of the three is as shown in Eq. (1) to

Eq. (3):

MAE(r, r')z%Z;’:1|ri—ri’| €))

’
i —h

MAPE(r, ) =151, @

2
RMSE (r,1") = Lyn, (ri—r') 3)
n

where: r; and ;' represent the true value and the forecasted
value of the ith time step, respectively.

The forecasting results of the four forecasting models
are shown in Tab. 1. The error indicators calculation results
of the four forecasting methods are shown in Tab. 2.

Table 1 The forecasting results of the four forecasting models

§ » Ac(t“{lll]?’al“e Grey GM (1,1) model Linear regression model Neural network model System dynamics model
million

§ Qi people) Forecasting Relative Forecasting | Relative error | Forecasting | Relative error | Forecasting Relative

‘g A value / million error value / million /% value / million /% value / million error

@) people /% people people people /%
2008 0.1794 0.1813 1.06 0.2119 18.12 0.1893 5.52 0.1627 9.31
2009 0.2988 0.3025 1.24 0.199 334 0.2706 9.44 0.2675 10.48
2010 0.3772 0.3928 4.14 0.2843 24.63 0.3342 1.40 0.4009 6.28
2011 0.4454 0.4636 4.09 0.4678 5.03 0.4015 9.86 0.4428 0.58
2012 0.6346 0.5775 9.25 0.7495 18.11 0.5963 6.04 0.5924 6.65
2013 0.903 0.8194 9.26 1.1294 25.07 0.8432 6.62 0.8556 5.25
2014 1.574 0.9961 3.672 1.6075 2.13 1.3792 12.38 1.842 17.03
2015 2.039 1.9162 6.02 2.1838 7.1 2.4453 19.93 2.427 19.03
2016 3.215 2.7904 13.21 2.8583 11.09 3.3459 4.07 3.288 227
2017 3.993 3.732 6.54 3.631 9.07 4.4527 11.51 4.2017 5.23

Table 2 The error index values of each forecasting model of small-scale example
Grey GM (1, 1) model Linear regression model Neural network model System dynamics model

Mean error percentage 10.34% 15.38% 9.68% 8.22%

MAE 0.1683 0.1486 0.1415 0.1102

MAPE 0.1034 0.1537 0.9676 0.0821

RMSE 0.2652 0.1910 0.2100 0.1665

According to Tab. 2, it can be seen that between the
characteristic years 2008 - 2017, the error indicators of the
four forecasting models are shown in the table. Among
them, the error performance of the system dynamics model
is the best, and the average error fluctuation is also the

smallest, which has certain credibility. The system
dynamics model is used to predict the passenger flow of
the tourism special train in Lanzhou Bureau from 2024 to
2030. The prediction results of passenger flow are shown
in Tab. 3, and the trend is shown in Fig. 4.

Table 3 Forecasting results of passenger flow in Lanzhou Railway Bureau from 2023 to 2030

2024-2030Passenger Flow Forecast Trend of Tourism Trainin Lanzhou
Bureau

115 . 10,158

35

2023 2024 2025 2026 2027 2028 2029 2030

Figure 4 The development trend of passenger flow forecast of tourism special
train in Lanzhou Bureau from 2024 to 2030

Forecast year 2024 2025 2026 2027 2028 2029 2030
Forecast passenger flow / million people 5.447 6.811 7.254 7.983 8.645 9.657 10.158
5.2.2 Large Scale Example

The large scale example takes the passenger flow
forecast of china railway tourist-dedicated train as an
example to simulate the passenger flow forecast under
different circumstances. First of all, the data from 2008 to
2017 are historical experience data to verify the forecasting
system. Since 2014, the number of running dedicated trains
and the number of passengers sent by China Railway are
shown in Fig. 5 and Fig. 6. Taking 2008 as the starting point
of method validation, the simulation time step 47 is 1 year.
On the basis of the verification results, the forecast of
2023 - 2035 is carried out, and 13 years are set as the
simulation time cycle, and the simulation time step A7 is
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also 1 year. The main data sources of the system dynamics
model are data published by data sources such as China
National Statistical Yearbook, industry data and China
Railway Statistical Yearbook.

Based on the historical statistics and the analysis of the
"National Population Development Plan (2016 - 2030)"
report, it can be found that in recent years, China's
population growth is still at a low level. Due to the
influence of factors such as the change of fertility concept,
the probability of population growth rate remaining low for
a long time is high. At the same time, with the upgrading
of medical technology, the mortality rate decreased. In
terms of total population, the aging of the population is
rising, and the total population will grow at a low and slow
rate for a long time. Based on this, it is estimated that the
birth rate from 2022 to 2025 will be between 6.5%0 and
10%o, the mortality rate will be between 7%o and 8%., and
the natural population growth rate will be between 0.3%o

and 1.7%o. In terms of economic factors, in recent years,
due to the complex changes in the international
environment, China 's overall economic level has slowed
down, but it still maintains a steady growth trend at a
medium-low speed, and the characteristics of sustainable
growth are obvious.

The number of tourist-dedicated trains from 2008 to 2017

:

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

The number of tourist-dedicated
trains operated by China Railway

«=@==The number of tourist-dedicated trains

Figure 5 Changes in the number of China's railway tourist-dedicated trains in

recent
Tourist-dedicated train in recent years, the number of transport
passengers
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Figure 6 Changes in the number of passengers transported by China's railway tourist-dedicated trains in recent years

The two industrial components of the tourist-dedicated
train operation: the railway transportation industry and the
tourism industry belong to the tertiary industry. Therefore,
the economic related factors in the system flow diagram are
quantified by the total GDP of the tertiary industry. Based
on this, it is estimated that the GDP growth rate of the
secondary and tertiary industries in the country will be
2.3% ~ 5% from 2020 to 2035. The number of 4A scenic
areas in China is 1284, and the number of 5A scenic areas
is 318, with a total of 1602. Through investigation, it is
considered that there are about 1080 scenic areas above 4A
that can be covered by the tourist-dedicated train service.
At present, the dedicated train service coverage is about
13.42%. In recent years, the total number of labor force in
China has shown a downward trend since 2016. The labor
force conversion rate of the population is 59% ~ 75%, and
the employment ratio of dedicated train personnel is
0.007 ~ 0.009. The investment ratio of tourist-dedicated
train is 0.1, the investment ratio of connection facilities is
0.25, the investment ratio of distribution facilities is 0.15,
the investment ratio of dedicated train facilities is 0.25, the
investment ratio of personnel positions is 0.11, and the
investment ratio of dedicated train product development is
0.14. Due to the wide application of high-speed rail trains,
ordinary passenger trains are largely idled. It is a good
measure for railway transportation enterprises to transform
them into tourist-dedicated trains. In terms of the cost of

dedicated trains, the cost of different theme carriages is
different. Usually, the cost of upgrading and reconstruction
of single carriages is between 1.7 million yuan and 2.3
million yuan. If new cars are purchased directly, the unit
price of single carriages is between 3.5 million and 4
million yuan. The whole train takes 12-column marshalling
as an example, including 10 functional theme cabins, 1
camping cabin and 1 power generation cabin. The overall
upgrading needs about 20 million yuan. The passenger
consumption of the tourist-dedicated train includes the
consumption of the dedicated train tickets and the
consumption during the dedicated train tour. The more
places the dedicated train tours are, the longer the travel
time is, and the higher the passenger's consumption in the
dedicated train. If the average consumption level is based
on yuan / day, according to the statistical data, the per
capita consumption of the dedicated train passengers is
mostly concentrated in 450 ~ 700 yuan / day. If the unit is
based on yuan / km, it is about 0.26 ~ 0.47 yuan / km. The
wage level coefficient of other similar industries is 0.074,
the demand coefficient of other similar industries is 0.027,
the value range of competition parameters of other tourism
modes is —0.25 ~ 0.13, the value range of competition
parameters of other tourism transportation modes is
—0.37 ~ 0.15, the employment ratio of dedicated train
personnel is 4/10°% the value of economic impact
parameters is 0.0017, the value of population impact

Tehnicki vjesnik 32, 1(2025), 275-287

283



Yuanding CUI et al.: Research on Passenger Flow Forecast of Tourist-dedicated Train Based on System Dynamics

parameters is 0.00083, the value range of tourism supply
factors is 0 ~ 0.0036, and the value range of tourism
induction factors is 0.0013 ~ 0.0044. The value range of
fare induction factor is 0 ~ 0.0092, the value range of policy
attraction factor is 0 ~ 0.0069, and the value range of
dedicated train service quality factor is 0 ~ 0.0042. In the
process of setting situational parameters, considering
China's current economic development and population
level, the future development trend is forecasted, and the
value of situational parameters is determined on this basis.
At present, China's economic growth is in a smooth
transition stage from high-speed growth to medium-speed
stable  growth, with outstanding sustainability
characteristics; the population growth rate has declined
significantly, or will be in a low-speed growth range for a
long time. Based on this, the passenger flow forecasting in
three situations is simulated, and the three situations are
reflected by different situational parameters. Based on this,

the passenger flow forecasting in three situations is
simulated, and the three situations are reflected by different
situational parameters. As a part of the economic system,
the passenger flow forecasting system is affected by
economic growth, population change, and dedicated train
input variables. The three are independent and related to
each other. The connection between them is that economic
factors are also the main reasons affecting population
factors and dedicated train input factors. In general, the
better the economic environment is, the more conducive it
is to the growth of dedicated train passenger flow. The
setting of situational parameters can be set according to the
high, medium and low speed development models, and the
values are shown in Tab. 4. The relevant data from 2008 to
2017 are selected for testing, and the four methods are
forecasted as shown in Tab. 5. Similarly, the calculation of
each error indicators is shown in Tab. 6.

Table 4 Values of situational parameters under three development modes

High-speed development model Medium-speed development model | Low-speed development model
GDP growth rate 5.3% 2.7% 1.44%
Rate of population growth 5.73%0 2.47%o 1.75%0
The growth ratio of additional | 12% 7% 3%
investment of dedicated train
Income investment ratio 13.6% 8.52% 4.7%
Table 5 Example passenger flow model forecasting results and errors
Characteristic Actual Grey GM (1, 1) mode Linear regression model Neural network model System dynamics model
year value Forecasting Relative Forecasting Relative Forecasting Relative Forecasting Relative
/ Ten value error value erro value erro value erro
thousand /% /% /% /%
people
2008 72.9 65.92 9.57 85.57 17.38 77.38 06.15 79.5 9.05
2009 81.8 77.83 4.85 87.19 6.59 88.23 07.86 82.7 1.1
2010 84 82.29 2.04 90.08 7.24 93.15 10.89 87.5 4.17
2011 89.4 86.26 3.51 94.23 5.4 97.28 8.81 95 6.26
2012 96.5 88.58 8.21 99.64 3.25 104.23 8.01 99 2.59
2013 100 93.41 6.59 106.32 6.32 106.25 6.25 104.9 4.9
2014 107 95.92 10.36 114.26 6.79 111.32 4.04 98 8.41
2015 111 101.15 8.87 123.47 11.23 116.55 5.00 102 8.11
2016 130 106.66 17.95 133.94 3.03 123.28 5.17 122 6.15
2017 146 114.53 21.55 145.67 0.23 137.56 5.78 139 4.79
Table 6 The error index values of each forecasting model of large-scale example
Grey GM (1, 1) model Linear regression model Neural network model System dynamics model
Mean error percentage 9.35% 6.76% 6.796% 5.55%
MAE 10.6050 6.2430 6.6950 5.7000
MAPE 0.09351 0.0675 0.0679 0.0555
RMSE 13.9218 7.2359 6.8953 6.2709

According to Tab. 2, it can be seen that between the
characteristic years 2014 - 2017.The error percentage of
the system dynamics model is still the lowest, and the error
fluctuation is also relatively the smallest, that is, through
the comparison of real historical data, objectively verify
the effect of application of the system dynamics model.
Under the three scenarios set in Tab. 1, the system
dynamics model is used to further forecast the national
railway tourism passenger flow from 2023 to 2035, and
forecasting results under the three modes are obtained as
shown in Fig. 7.

Through the model forecasting results, it can be seen
that the future tourist-dedicated train passenger flow will
show a slow upward trend. If it is carried out according to
the low-speed development model, it will reach 1 million

passengers in 2028. If it is carried out according to the
high-speed development model, it will reach 1.7 million
passengers in 2034. In order to test the sensitivity of the
model to the development situation parameters, the
influence of parameter changes on passenger flow can be
observed by adjusting the parameters in. Firstly, in the low-
speed development model, the extra investment growth
ratio of the special train is adjusted from 3% to
—0.5% while maintaining the economic and population
growth trend unchanged. The passenger flow forecast
results are shown in Fig. 8.

284

Technical Gazette 32, 1(2025), 275-287



Yuanding CUI et al.: Research on Passenger Flow Forecast of Tourist-dedicated Train Based on System Dynamics

Passenger flow forecast of tourist-dedicated train under three scenarios
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Figure 7 Passenger flow forecast of tourist-dedicated train under three scenarios
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Figure 8 Forecasted passenger flow under the condition of changing only one parameter

Through the figure, it can be found that under the
condition that the economic population growth trend
remains unchanged, only the decrease of the additional
investment growth ratio of the dedicated train will lead to
a slower growth rate of passenger flow, and with the good
development of economic and demographic conditions, the
passenger flow of the dedicated train can still continue to
grow. Similarly, in the low-speed development model,

different parameters are adjusted. It is assumed that the
population growth rate has a negative growth of 0.05%. At
the same time, the operation department of the dedicated
train reduces the operation chart, and the additional
investment growth ratio of the dedicated train is adjusted
from 3% to —0.5%, and the income investment ratio is
adjusted from 4.7% to 2%. The adjusted passenger flow
forecast results are shown in Fig. 9.

Forecasted passenger flow under the condition of
changing three parameters
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Figure 9 Forecasted passenger flow under the condition of changing three parameters
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Tourist-dedicated train operation project is a dynamic
development process, in which the impact of economic and
population development on the environment is directly
reflected in the level of passenger flow changes. It can be
seen from Fig. 9 that it still maintained a slow growth from
2024 to 2029. This is because although the parameters have
declined year by year, they have not completely returned to
zero. In 2030, the passenger flow began to stop growing
and declined year by year. The reason is that the impact of
economic growth and negative population base growth has
been strengthened, and the reduction in investment in
special trains has led to the inability to improve service
levels. Specifically, the increase or decrease of passenger
flow is affected by the cause and effect of various factors
in the system. Whether tourists choose to travel on the
tourist-dedicated train is closely related to the investment
of the tourist-dedicated train. These inputs include the
upgrading and transformation of the equipment
implementation in the system flow diagram, as well as the
change of service level. The quality of tourist travel has a
significant dependence on the service level, and the
decrease of this dependence is also an important reason for
the decrease of passenger flow.

6 CONCLUSION

Passenger flow forecasting is very important for the
planning, design and market and operation of
tourist-dedicated train projects, and it is a pre-step that
cannot be ignored in the process of project operation.The
tourist-dedicated train passenger flow is composed of three
ways: trend, induced and transferred passenger flow. The
causes of the three passenger flow modes are both
relatively independent and related. This paper analyzes the
causal relationship between population, economy,
tourist-dedicated train facilities level, policy and
competition, manpower and supply level and other factors
related to train travel demand and the influence of each
index, and constructs a forecasting model, and verifies the
applicability of the SD model to the demand forecast of the
tourist-dedicated train through different scale examples.
The historical data verification shows that the model
method has lower error than the three classical forecasting
methods. In a large-scale example, by setting different
development situation parameters, the forecast data of
tourism passenger flow under three different economic
population development trends are obtained. The research
results show that it is very meaningful to carry out
passenger flow forecasting for tourist-dedicated trains in
the development and operation of tourist-dedicated trains.
The passenger flow forecasting of tourist-dedicated trains
by system dynamics method is feasible and effective. The
introduction of this method provides a new research idea
for solving this problem and similar problems.
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