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Abstract: Proper corridor configuration is the basic prerequisite for meeting demand to the maximum
extent and optimally configuring transport resources. As the existing studies only pursue quantitative
balance, without good understanding of the decision-making mechanism of passenger travel, they
can hardly be used to guide effective infrastructure planning. The aim of this study was to put
forward a new planning concept from the perspective of economics. Firstly, the decision-making
mechanism of travel behavior was considered based on the demand subject, and the travel demand
was classified. Next, the travel surplus of the demand subject was analyzed, and the travel decision-
making criterion of maximizing the travel surplus was put forward. Then, a discrete economic
equilibrium model for structural optimization of the passenger transport corridor was constructed
and solved by the GlobalSearch algorithm. Finally, the effectiveness of the model and algorithm was
verified through examples. The results indicate the good convergence of the algorithm. Different
corridor travel demand, time value distribution and fixed cost of service mode all have great influence
on the service mode configuration of the comprehensive transport passenger corridor and basically
conform to the internal mechanism of supply and demand. The results show that the model and
algorithm proposed in this paper are valid and can provide effective reference for the design and
policy making of passenger transport corridor mode supply.

Keywords: transport planning; corridor configuration; travel surplus; economic equilibrium

1. Introduction

The mode configuration of regional transport corridor is an important part of compre-
hensive transport network planning. In recent years, with the rapid expansion of the scale
and quantity of various transport modes, coordination problems such as “preemption” of
resources, redundant construction and waste of capacity among corridors have become
increasingly prominent [1], and so far the problem of structure surplus in China’s transport
has become very severe [2]. How to make efficient use of scarce resources, optimize the net-
work layout of transport corridors and improve the transport capacity of the corridors has
become an urgent problem to be solved in the optimal configuration of regional transport
network resources.

Optimal configuration of transport modes in regional transport corridors is an im-
portant cross-cutting field of modern transport planning science, complex system science,
economics and management science, etc. As a consistent research focus for scholars, it
is also a key problem that has not been solved [3,4]. The existing research on optimal
configuration of transport modes can be divided into three categories:

The first is from the supply-side perspective based on the technical and economic
characteristics of transport modes. This kind of research is mainly based on the definition
and quantitative evaluation of the comparative advantages of various transport modes,
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such as safer trains, flexible cars, fast airplanes and low water transport costs, so as
to gradually form a corridor configuration method based on the total amount control
method [5] and game theory [6–10]. Generally speaking, corridor transport modes are
mainly configured from the supply side. However, with the increase in the scale of various
transport modes, there are more alternatives, and the influence of demand selection on
transport mode configuration has gradually become evident [11,12]. This kind of optimal
configuration based only on the supply side has become impractical.

The second is from the demand-side perspective of choosing behavior based on de-
mand mode. Most researchers focus on the demand structure of comprehensive transport
corridors and, on this basis, carry out corridor configuration. Since the large-scale applica-
tion of the demand analysis model in transport planning, it has gradually developed into
two generations of models: aggregate and disaggregate models. Due to lack of complete
theoretical assumptions, the need to collect a large quantity of data in application and the
poor transferability of lumping results in time and space, the aggregate model is rarely
used in transport mode selection. The disaggregate model takes individuals as the research
object and analyzes passengers’ travel option behavior. It is favored by researchers because
of its high data utilization rate as well as good time and geographical transferability [13–17].
It provides a strong theoretical and methodological support for promoting the study of
passengers’ travel mode selection [18–21]. However, using it to directly configure the
comprehensive transport corridor mode still has the following limitations: (1) There is a
deviation in understanding travel demand subject. The existing research mainly focuses
on travelers. In fact, there are dual characteristics of travel subject and demand subject.
The former is the bearer of the utility and cost of travel behavior, while the latter is the
actual traveler. The existing research considers factors more concerned by travel entities
but has not yet separately considered the travel demand subject and travel subject. (2) The
disaggregate model is based on the utility maximization theory, which studies the choice
of travel behavior on the basis of existing transport modes. However, the best choice under
limited supply is not the most satisfactory choice, and it cannot explain the travel intention
of potential travelers. From the perspective of planning, comprehensive transport corridor
planning should study what kind of transport supply should be planned in the corridor and
how much specific transport supply should be planned with limited data. (3) Travel utility
includes absolute utility and relative utility. In the general commodity and labor market,
consumers realize the conversion from money to utility by purchasing goods, which is
a direct utility conversion. However, in the field of transport, due to the particularity of
obtaining “displacement”, people’s purchase of “displacement” is not realized through the
use of “displacement” itself but through the satisfaction of the demand subject after the
completion of “displacement”, which is an indirect utility conversion and not the absolute
utility that the realization of “displacement” really brings to the demand subject. Therefore,
the study of travel choice based on utility theory involves comparing and choosing among
alternative schemes, which cannot reveal the economic essence of the process from travel
demand generation to travel decision making.

The third is the planning model of corridor structure optimization based on the interac-
tion between supply and demand by some researchers. For example, Li [22] constructed a
double-level multi-objective planning model for corridor passenger transport structure with
the goal of corridor system efficiency and operation investment. Considering the interac-
tion between passenger travel choice behavior and transport supply, Wang Ying et al. [23]
designed a two-stage calculation method of passenger flow sharing rate based on supply
and demand matching. Jiang Pan et al. [24] set up a double-level planning model for
optimizing the comprehensive transport corridor layout of the urban agglomeration with
the goal of maximizing the social benefits of the corridor and minimizing the generalized
expenses of individual travelers. These kinds of research results provide important theoret-
ical and methodological support for comprehensive transport corridor optimization from a
quantitative point of view, but it is further found that this kind of planning model places
greater emphasis on quantity balance, that is, arranging transport capacity according to the
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quantity of demand. Under the condition of a market economy, transaction is the main way
to unify supply and demand, and if the economic efficiency fails to meet the demand, there
will be invalid supply. Economic equilibrium is the essence. It is also difficult to overcome
the limitations of the logit model [25]. There is little research on corridor configuration
from the perspective of economic equilibrium.

Therefore, the dual characteristics of passenger travel and the decision-making mech-
anism of passenger travel based on the demand subject were fully considered in this study
to break through the limitations of traditional utility theory and propose a new planning
concept from the perspective of economics with the aim to optimize a supply structure
of a comprehensive transport passenger corridor based on economic equilibrium. The
difference between traditional research and this research is shown in Table 1.

Table 1. The difference between traditional research and this research.

Attributes The Traditional Research This Paper

Research subject Traveler Travel demand subject
Basic theory Utility maximization theory The travel surplus theory

Research thread Quantity equilibrium Economic equilibrium
Model Discrete disaggregate model and its extended form The economic equilibrium model

This paper is organized as follows. Section 2 mainly classifies travel demand, and
Section 3 outlines models and presents solution methods. Section 4 illustrates the proposed
models and solution approaches through the medium- and long-distance passenger cor-
ridor. Section 5 outlines the conclusions and contributions of the study and directions of
future research.

2. Travel Demand Classification

There have been many studies on the classification of passenger transport demand,
such as commuting, attending school and working, according to travel characteristics.
In terms of income, passengers can be divided into high-income, low-income and price-
sensitive passengers, etc. This single classification standard cannot fully reflect the choice
mechanism of passenger travel mode. Generally speaking, economy is the most critical
factor determining the choice of passenger travel mode. Passengers have to pay a certain
economic cost when traveling. Because of the different nature of passenger travel, there
will be a correlation between passengers and the economic cost paid. For different corre-
lation, there will be different choice of travel modes. It is important to clarify this point
when analyzing the economic mechanism of passengers’ travel choice. Referring to Wu’s
research [26], this paper divides travelers into three categories: the first is consumption
travel, in which travelers fully bear the economic costs related to the travel process, such
as visiting relatives and friends, shopping and journeys. The second is productive travel,
which does not involve its own economic interests. The economic costs of travel are all
undertaken by other relevant interest subjects, such as business negotiations and official
business trips. The demand subject and travel subject are separated from each other, and
the demand subject is the bearer of the utility and cost of travel behavior. The third category
is emergency travel, such as emergency rescue and disaster relief and medical treatment.
The aim of this study was to explore the internal mechanism of mode selection based on
demand subject.

According to the value of travel time and its correlation with its own interest, the
above three types of travelers can be subdivided into six types of travel groups in Table 2,
in which C represents all monetary expenses paid and T represents the value of travel
time. Different demand subjects certainly have different technical and economic demand
characteristics, but in essence, under the condition of a market economy, transport demand
subjects all seek to maximize their own interests, which determines their behavior in
choosing transport modes.
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Table 2. Passenger travel demand category and mode selection mechanism.

Group Classification Description Selection Mechanism

1

Consuming travel

C >> T
All the travel expenses are paid by the

traveler, and the time value of the
traveler is very small

A travel mode with low price, slow
speed and poor comfort is chosen

2 C ≤ T

Generally, the value of personal time
corresponds to its economic situation.

Economically, travelers will choose
cheap modes of travel as much as

possible, making C ≤ T

The principle of “value for money” is
used to choose the mode of travel. As
long as the cost paid for travel is equal

to the satisfaction obtained, the
traveler will make the
corresponding choice

3 C << T
The travel expenses are very small
with respect to the time value of

the traveler

Travel modes with high quality, high
speed and good comfort are chosen,

but these are usually more expensive,
such as plane, express or direct train

or car.

4

Productive travel

C > T The traveler’s own travel has little
influence on the demand subject Common staff or employees

5 C < T The traveler’s own travel has a great
influence on the demand subject

Government officials or staff from
enterprises and institutions; the

demand subject generally chooses
high-quality transport methods

6 Emergency travel C << T The opportunity cost of travel time
is infinite

Emergency ambulance travel, travel to
other places in order to handle
temporary and urgent major

events, etc.

It should be noted that for productive travel, the traveler does not bear any travel
expenses, all the travel costs are paid by relevant subjects and the private opportunity
costs it bears are negligible. In reality, there is usually a system to regulate the traveler’s
choice behavior, such as who can take airplanes and who can take a soft sleeper. However,
the fixed thinking set of such travelers is usually “better high than low”, and they will
choose the best travel mode as long as they can avoid institutional constraints. Since the
subject that determines the travel of such travelers is the economic unit, other costs of such
travelers are not considered for the time being.

3. Model and Methodology
3.1. Hypotheses

Hypothesis 1 (H1). Hypothesis of the rational man, that is, the demand subject always tends to
choose the transport mode with the largest travel surplus, in other words, according to the principle
of maximum travel surplus.

Hypothesis 2 (H2). Only the service mode configuration problem of parallel connection of different
transport modes between the same origin and destination (OD) in the corridor transport network
is considered. The combined transport of various transport modes between the same origin and
destination points is not considered.

Hypothesis 3 (H3). There is only one transport line corresponding to the same level among each
transport mode in the regional transport corridor.
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3.2. Travel Surplus Analysis

Consumer surplus refers to the difference between the total value that a consumer is
willing to pay to consume a certain commodity and the actual expense when the consumer
buys the commodity [27]. As a rational person, the essence of the travel demand subject’s
choice of transport mode is to obtain travel surplus. The size of the travel surplus is
determined by the travel profit (travel value) Vai and travel loss (travel cost) Caij, as shown
in Equation (1). The travel value Vai is mainly affected by the purpose of travel and the
subject of travel demand. Different travel purposes and different subjects of demand
have great differences in travel value. For a detailed study of travel value, please refer to
the work of Sun et al. [28]. Since the specific numerical calculation of travel value is an
engineering problem, this study used quantitative analysis to simplify the analysis.

Eaj = Vai − Caij (1)

Suppose the passenger transport corridor in a certain area includes A pairs of O–D,
there are N categories of travel demand subject, and M modes of transport are to be planned.
The pair of O–D is a ∈ A, the travel demand subject is i ∈ I and the transport mode is j ∈ J.
Under random conditions, each mixed strategy is a probability vector sai =

{
saij|j ∈ J

}T

for the ith travel demand subject in the ath O–D pair, indicating the probability of choosing
various transport modes. sai ⊆ Sai, in which Sai is the strategic space of the ith travel
demand subject. For all transport modes j ∈ J, 0 ≤ saij ≤ 1 and ∑

j∈J
saij = 1, so the

strategic space of all travel demand subjects is ∏
i∈I

sai. Make Φai(sai|i ∈ I ) represent the

travel surplus function of the ith demand subject when the strategy combination of all
types of travel demand subjects is (sai|i ∈ I ) ⊆ ∏

i∈I
sai.

The existing research on travel cost is mostly on the explicit travel money cost and
travel time cost, but in the actual process, passengers’ travel behavior, is also affected by
hidden factors such as physiology and psychology. Therefore, it is considered that for the
ith travel demand subject, the travel cost of the jth transport service mode is Caij:

Caij = Paj + (TTaj(vaj, Daj) + WTaj + CTaj)βai + TTaj(vaj, Daj) + WTaj + CTaj)γai (2)

Then, for the jth transport mode, the travel surplus of the ith travel demand subject in
the ath O–D pair is:

Φaij(saij, s−ai) = (Vai − Caij)saij
= (Vai − (Paj + (TTaj(vaj, Daj) + WTaj + CTaj)βai + (TTaj(vaj, Daj) + WTaj + CTaj)γai))saij

(3)

Total travel surplus of ith travel demand subject in the ath O–D pair is:

Φai(saij, s−ai) = ∑
i∈J

Φaij(saij, s−ai) (4)

where γai is the other psychological cost coefficient of the ith travel demand subject in the
ath O–D pair. The psychological cost of travel is the psychological pressure and mental
burden caused by various subjective and objective factors. For more research on the
psychological cost, please refer to the research of Algers [29]. Since the measurement of
psychological cost is a complex process of utility transformation, Sun et al. proposed a
formula for calculating the psychological cost of travel [28], which involves many factors
and requires travel surveys to obtain relevant data. To simplify the problem, quantitative
processing was used in this study. βai is the travel time value coefficient of ith travel
demand subject in the ath O–D pair. For the calculation of βai, at present, the income
method, production method and willingness-to-pay method are mainly used. For more
research on the value of travel time, please refer to the research of Andrew Daly et al. [30].

Table 3 summarizes the notation used throughout this paper.
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Table 3. Summary of notation.

Sets Meaning

I Set of passengers, indexed by i.
J Set of transport modes, indexed by j.
A Number of O–D pairs of passenger transport corridors

Variables Meaning
Paj The price of the jth mode of transport in the ath O–D pair.
Qaj Number of passengers demanded in transport mode j in the ath O–D pair.

Parameters Meaning
N Number of categories for travel demand subjects.
M Number of transport modes.

Eaij Consumer surplus for the ith travel demand subject to select the jth mode in the ath O–D pair.
Vai Travel value of the ith travel demand subject in the ath O–D pair.
Caij Travel cost for the ith travel demand subject to select the jth mode in the ath O–D pair.
TTaj The pure running time of the jth mode in the ath O–D pair.
vaj Transport speed of the jth mode in the ath O–D pair.
Daj Distance of the jth mode in the ath O–D pair.

WTaj Waiting time of the jth mode in the ath O–D pair.
CTaj Connection time of the jth mode in the ath O–D pair.
Faj Fixed cost of transport mode j in the ath O–D pair.

AVaj Unit variable cost of the jth mode in the ath O–D pair.
βai Time value cost coefficient for the ith travel demand subject in the ath O–D pair.
γai Other psychological cost coefficient for the ith travel demand subject in the ath O–D pair.
paj Ticket price rate of the jth mode.
Raj Equilibrium rate of return for the jth mode in the ath O–D pair.
Nai Number of the ith travel demand subject in the ath O–D pair.

3.3. Model Construction

There are many transportation modes with different technical and economic char-
acteristics in a corridor, but the fundamental driving force for providing transportation
services is to meet demand as a means to maximize profits. Different transportation modes
have different fixed structures, and their operational efficiencies and benefits have different
sensitivities to transportation demand characteristics. The core is that implementation of an
equilibrium return operation introduces corresponding requirements for a given transporta-
tion volume. This is one of the key conditions for rational configuration of transportation
modes to clarify the relationship between a price for a transportation mode to implement
an equilibrium return operation and a possible transportation volume. Using cost–volume–
profit analysis (CVP), for any type of transportation mode j, the transportation price rate pj
must meet the following condition:

paj − (Faj/Qaj + AVaj) ≥ Raj (5)

In the equilibrium regional passenger transport corridor, the characteristics of various
transport modes can maximize the total travel surplus of various travel demand subjects
of the corridor. At the same time, due to the competitiveness of the market economy, the
overall realistic result of the supplier’s pursuit of profit maximization under the action
of the law of value is often the average remuneration level of the industry. The fixed
structure of different transport service modes is different, so various transport modes pose
requirements for the possible transport volume to meet their own basic equilibrium rate of
return. Therefore, the structural configuration models of passenger corridors in various
ways can be expressed as follows:

Max∑
i∈I

Φai(saij, s−ai) (6)

s.t. Φaij(saij, s−ai) ≥ 0 (7)
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Paj − (
Faj

∑
i∈I

Naisaij
+ AVaj) ≥ Raj (8)

∑
i∈J

saij ≤ 1 (9)

0 ≤ saij ≤ 1 (10)

The objective Function (6) reflects that the ath O–D pair has the largest overall travel
surplus for the transport demand subject, showing that the fundamental goal of transport
corridor supply configuration is to meet the demand to the maximum extent.

Equations (7) and (8) reflect the feasible region of model solution, which is a nonlinear con-
straint condition, so the model solution is an optimization problem of nonlinear programming.

Equation (7) shows that the basic principle that the transport demand subject chooses
the jth transport mode in the ath O–D pair is when its travel surplus is greater than 0,
otherwise it is meaningless to travel.

The economic significance of Equation (8) is that if the possible turnover of the jth
transport supply for the ath O–D pair at Pj price level is not less than Qj, then this transport
mode has sustainable market vitality on this corridor, and vice versa. Among them, R is
the basic rate of return of various modes of transportation. When R is 0, the various modes
of transportation only realize break-even operation.

3.4. Solution Algorithm

The above discrete economic equilibrium model is a nonlinear programming problem,
and the solution of the model is non-convex optimization. GlobalSearch is a function
for solving the global optimization problem of multivariable constrained nonlinear min-
imization in the MATLAB optimization toolbox, which can search multiple basins, use
multiple initial points to search the extreme points in their basins, and then find the global
optimum [31]. Therefore, the GlobalSearch algorithm was adopted in this study to solve
the discrete model of the passenger corridor. The flow chart of the model optimization
algorithm is shown in Figure 1. Convergence is one of the basic requirements for op-
timization algorithms. Different types of algorithms may have different definitions of
convergence. This paper simply defines the convergence of global optimization algorithms
as follows: Let the sampling points of the algorithm be {Pn}, make fn = f {Pn}, then when
lim

n→∞
fn = f ∗, the algorithm is said to converge to f ∗. While seeking global optimum, the

global optimization algorithm uses the decentralized search algorithm to continuously
update the test points and obtains various local optimum solutions until all the test points
are searched. Then, it sorts the local optimum solution vectors and outputs the optimum
solution. At this time, the algorithm searches out the global optimum, which shows that
the demand subject in the passenger transport corridor insists on their own choice and
reaches the equilibrium state of supply and demand with the supply subject, thus maxi-
mizing the travel surplus of the whole society travel demand subject while guaranteeing
the break-even operation (i.e., R = 0) of various transport supplies.
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Figure 1. Flow chart of optimization solution.

4. Examples

With the change in travel distance, the transport demand characteristics of the pas-
senger corridor are quite different. We took the medium- and long-distance transport
corridor as an example and used the scenario simulation method to analyze the influence
of parameter changes on the structural configuration of the medium- and long-distance
passenger transport corridor in the hope of reaching meaningful conclusions.

4.1. Specification of Model Parameters

The parameters specified in this paper mainly include the two aspects of travel
demand and supply subject. The specific parameters are shown in Tables 4 and 5 below.
It should be noted that the parameters assumed in this paper are only used for example
analysis, and the main purpose is to clarify the theory and analysis method, rather than
present its authenticity. β1 and β2 represent two different time value coefficients.
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Table 4. Main parameter assumptions for certain travel demand subjects.

Attributes
Consumer Travel Productive Travel Emergency Travel

C >> T C ≤ T C << T C > T C < T C << T

1 2 3 4 5 6

Distribution A 20% 20% 20% 20% 10% 10%
Travel value V (¥/trip) 2000 4000 8000 5000 10,000 20,000

Time value coefficient β1 (¥/h) 12.5 30 60 40 80 500
Time value coefficient β2 (¥/h) 25 40 70 50 90 1000

Other psychological cost coefficient (¥/h) 5 10 10 10 20 20

Table 5. Parameter settings for a medium- and long-distance transport corridor.

Attributes Ordinary Railway (OR) High-Speed Railway (HSR) Civil Aviation (CA)

Construction cost (108 ¥/year) 21 60 1.6441381

Sharing fixed cost F (¥/year km) 1,435,406.7 4,552,352.05 139,570.3

Unit variation cost AV (¥/person km) 0.025 (700 persons/train) 0.077 (700 persons/train) 0.52 (300 persons/plane)

Travel time t (h) 15 7.9 5.6

Distance (km) 1463 1318 1178

Equilibrium return rate R 0

4.2. Convergence Analysis

For the above model and algorithm, the GlobalSearch solver of MATLAB 7.0 was used
for the solution, and the interior point solver was used when calling GlobalSearch. The
results of the following analysis were all obtained by this solver.

We studied the convergence of the global optimization algorithm proposed above,
which is an important basis for further research on structural optimization of the com-
prehensive transport corridor. Figure 2 shows the model convergence analysis results of
value distribution and travel demand at different times. We used the minimum value of f
instead of seeking the maximum value of the objective function f. The abscissa represents
the iteration times of the optimization algorithm when seeking global optimum, and the
ordinate represents the objective function of the model, i.e., the travel surplus of the whole
society. Figure 2a reflects the convergence of the algorithm when the travel time value
distribution of the travel demand subject is β1 and the travel demand is 30 million. It is
found that after nearly 65 iterations, the algorithm basically converges and finds the global
optimum. At this time, the travel surplus of the whole society reaches 1.71 × 1011. When
the demand increases to 60 million, the convergence effect of the algorithm is better. When
the value distribution of travel time is β2, the results are similar to those in Figure 2b,c, and
the algorithm basically converges, which shows that the algorithm in this paper is basically
feasible. This is the premise of parameter influence analysis in the following paragraphs.

4.3. Influence of Travel Demand

Based on the above parameter assumptions, we observed the influence of total travel
demand on the structural configuration of passenger transport modes. We assumed that
the equilibrium return rate of various transport modes services is 0%, that is, under the
guaranteed break-even operation of various transport modes, the proportion of various
travel demand subjects is combination A, and the corresponding travel time value distri-
bution is β1 and β2. The economic equilibrium state of supply and demand of passenger
transport corridors with 10 million to 130 million travels was simulated and analyzed, and
the results are shown in Table 6 and Figures 3 and 4.
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Figure 2. Model convergence analysis (a) shows that the corridor demand is 30 million (A-β1); (b) indicates that the corridor
demand is 60 million (A-β1); (c) indicates that the corridor demand is 30 million (A-β2); (d) indicates that the corridor
demand is 60 million (A-β2).
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Table 6. Scenario simulation results.

Travel Demand
(10,000 Persons)

Market Share Equilibrium Price (¥)

OR HSR CA OR HSR CA

A-β1

1000 0.200 0.000 0.800 456.575 – 645.443

3000 0.400 0.000 0.600 176.575 – 623.521

5000 0.600 0.000 0.400 120.575 – 619.137

5100 0.600 0.000 0.400 118.928 – 619.008

5200 0.568 0.232 0.200 137.537 401.890 623.099

5400 0.594 0.306 0.100 133.797 381.208 622.709

5600 0.584 0.316 0.100 130.325 374.934 622.347

5800 0.400 0.500 0.100 157.265 360.107 622.009

6000 0.400 0.500 0.100 153.242 351.642 621.694

7000 0.356 0.544 0.100 136.575 328.290 620.389

9000 0.286 0.614 0.100 114.353 295.728 618.649

11,000 0.233 0.667 0.100 100.211 273.774 617.542

13,000 0.200 0.700 0.100 90.421 255.332 616.776

A-β2

1000 0.00 0.00 1.00 – – 629.001

2000 0.20 0.00 0.80 246.575 – 629.001

3000 0.20 0.00 0.80 176.575 – 623.521

3200 0.20 0.00 0.80 167.825 – 622.836

3300 0.20 0.00 0.80 163.848 – 622.524

3400 0.00 0.60 0.40 – 454.427 622.231

3600 0.00 0.80 0.20 – 434.819 621.694

3800 0.00 0.80 0.20 – 417.275 621.213

4000 0.00 0.80 0.20 – 401.486 620.781

5000 0.00 0.90 0.10 – 341.486 619.137

9000 0.00 0.90 0.10 – 234.819 616.214

13,000 0.00 0.90 0.10 – 193.794 615.089

From Table 6 and Figure 3, it can be seen that when the time value distribution of
travel demand is β1 and the travel demand is 10 million to 51 million, only two service
modes need to be configured for the passenger transport corridor: conventional railway
and civil aviation. Because the demand for high-speed railway is not enough to ensure
its break-even operation, the high-speed railway will not be opened for the time being,
otherwise the travel surplus of the whole society will be reduced. At this stage, with the
increase of travel demand, the equilibrium fares of conventional railway and civil aviation
are gradually reduced, in which the fare of former is reduced by nearly 75%, while the
passenger flow sharing rate undertaken by conventional railway is gradually increasing
from 20% to 60%. In contrast, the passenger flow sharing rate of civil aviation is gradually
decreasing from 80% to 40%. In-depth observation of Figure 3a shows that when the
passenger flow reaches between 30 million and 40 million people, the travel demand of
conventional railway gradually exceeds that of civil aviation.
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When the travel demand of the corridor reaches 52 million, it will be a good time to
open the high-speed railway. At this time, the equilibrium fare of the high-speed railway
is 401.89 yuan, and the corresponding passenger flow sharing rate is 23.2%. This part of
passenger flow is mainly transferred from civil aviation, and a small part of the passenger
flow is transferred from conventional railway. Subsequently, with the continuous increase
of the total travel demand of the corridor, the passenger flow sharing rate of the high-
speed railway gradually increases from 23.2% of 52 million to 70% of 130 million and
is basically balanced. At this stage, the passenger flow sharing rate of the conventional
railway gradually decreases to 20%, while the passenger flow of civil aviation remains
basically unchanged. Nearly 10% of emergency trips choose civil aviation all the time. It
can be seen from Figure 3b that with the continuous increase of the total travel demand,
the equilibrium fares of various transport modes all continue to decline, which is basically
consistent with the economic mechanism.

When the value distribution of corridor travel time is β2, the evolution trend of
analysis results is basically similar to that of β1 (Table 6 and Figure 4), but the configuration
results are obviously different.

In order to further analyze what kind of travel demand subjects are the passenger
flows of various modes, and what is the travel surplus when different travel demand
subjects choose different service modes, the corridor travel demand of 38 million and
the A-β2 distribution characteristics of travel demand subjects were used in this study as
an example. The analysis results are shown in Table 7. The results show that when the
conventional railway and civil aviation services are planned in the corridor, the travel
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surplus of the whole society is about 2.02876 × 1011 yuan, which is relatively smaller than
that of high-speed rail and civil aviation (2.03738 × 1011 yuan). When general railway,
high-speed rail and civil aviation are planned, the travel surplus of the whole society is
2.02324× 1011 yuan (minimum). Therefore, in order to meet the travel demand of the whole
society to the maximum extent, the corridor should include two service modes, namely
high-speed railway and civil aviation, under the established parameter assumption. At this
time, the first, second, third and fourth groups of travel demand subjects tend to choose
high-speed railway, while the fifth and sixth groups choose civil aviation. All groups of
travel demand subjects can realize relatively large travel surplus. Some travel demand
subjects who subjectively tend to choose general railway are forced to choose high-speed
railway, which has the second best travel surplus, so as to ensure that the total travel surplus
of the whole society is maximized on the basis that various transport supplies realize their
own equilibrium remuneration operation. In this equilibrium state, the equilibrium fares of
high-speed railway and civil aviation are 417.3 and 621.2 yuan, respectively.

Table 7. Comparison of various service mode allocations with N = 38 million passengers (A-β2).

Attributes
Individual Consumer Surplus (¥) Selection Ratio Equilibrium Price (¥)

Total Consumer Surplus (¥) Comparison
OR HSR CA OR HSR CA OR HSR CA

Allocation OR and CA

Group 1 1402.9 – 1210.8 1 – 0

147.1 – 621.2 2.02876 × 1011 Small

Group 2 3102.9 – 3098.8 1 – 0

Group 3 6652.9 – 6930.8 0 – 1

Group 4 3952.9 – 4042.8 0 – 1

Group 5 8202.9 – 8762.8 0 – 1

Group 6 4552.9 – 13,666.8 0 – 1

Allocation HSR and CA

Group 1 – 1345.7 1210.8 – 1 0

– 417.3 621.2 2.03738 × 1011 Large

Group 2 – 3187.7 3098.8 – 1 0

Group 3 – 6950.7 6930.8 – 1 0

Group 4 – 4108.7 4042.8 – 1 0

Group 5 – 8713.7 8762.8 – 0 1

Group 6 – 11,524.7 13,666.8 – 0 1

In order to better reflect the difference between the total travel surplus of the whole
society realized by different service modes when the travel demand of the passenger
transport corridor is different, we compared the social travel surplus realized by various
travel modes, as shown in Figure 5. In the figure, (a) shows the comparison of the whole
society’s travel surplus of different service modes when the main distribution characteristics
of travel demand are A-β1. It focuses on the analysis that the travel demand of the corridor
is between 50 million and 60 million. It is found that when the travel demand is less
than 52 million, the whole society’s travel surplus brought by the two service modes of
conventional railway and civil aviation transport is larger than that brought by the three
service modes. Because of the high fixed cost, it is difficult for the high-speed rail to
maintain its break-even operation, so the travelers who wish to choose high-speed rail
have to turn to the other two ways. When the travel demand of the corridor is greater
than or equal to 52 million, the travel surplus satisfied by configuring three service modes
(conventional railway, high-speed rail and civil aviation) is greater than that of configuring
only two service modes (conventional railway and civil aviation). At this stage, high-speed
rail opening is proper, and planning high-speed rail will improve the travel surplus of the
whole society.
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In the figure, (b) reflects the comparison of the travel surplus of the whole society
with different service modes when the distribution characteristics of the travel demand
subject are A-β2. When the travel demand of the corridor is less than 34 million, only
conventional railway and civil aviation need to be configured. On the other hand, when
the travel demand is higher than 34 million, high-speed railway and civil aviation need to
be configured. This is consistent with the results in Table 5. On the whole, with the increase
of travel demand, the corridor service mode configuration will be more comprehensive, so
as to meet the diversified travel demand. In addition, the distribution characteristics of
the travel demand subject also have a great influence on the passenger transport corridor
mode configuration.

4.4. Influence of Changes in Travel Time Value

In the previous section, the influence of travel demand on the mode configuration of
the passenger transport corridor is analyzed, and this section mainly explores the influence
of the change in travel time value of travel demand subject. In real life, the travel time value
distribution of the travel demand subject is quite different. This study mainly analyzed
two different travel time value distributions: β1 and β2. Using the optimization model and
algorithm proposed above, the results are shown in Table 5.

It can be seen from Table 5 that when other parameters are unchanged, the travel time
value of travel demand subjects is different, and the configuration results of the passenger
transport corridor mode are also different. Taking a corridor travel demand of 40 million
people as an example, when the corridor travel time value distribution is β1, all types of
travel demand subjects will choose conventional railway and civil aviation in equilibrium
state, and the proportions of travel demand subjects who choose the two modes are 0.6
and 0.4, respectively. When the travel time value distribution is β2, high-speed rail and
civil aviation should be configured in the passenger corridor, accounting for 0.8 and 0.2,
respectively. Obviously, two different travel time value distributions have completely
different planning and configuration results (Figures 3–5). With the increase of travel time
value, the travel demand subjects will pay more attention to time efficiency, so that they
will choose the transport mode with fast speed and high quality.

4.5. Influence of Changes in Fixed Costs

The previous two sections analyze the change in demand. In order to better verify the
effectiveness of the model and algorithm, we explored from the perspective of the supply
side and analyzed the influence of the change in high-speed rail fixed cost on the mode
configuration of the passenger transport corridor.

This section discusses the trend of structural changes of various modes of passenger
transport corridors. When the total passenger travel demand of a certain corridor reaches
56 million and 60 million, the distribution of passenger travel demand subject is combina-
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tion A, the travel time value distribution is β1 and the equilibrium rate of return is 0%, and
the cost of high-speed rail changes by +20%, +10%, 0%, −10% and −20%. The results are
shown in the following table.

It can be seen from Table 8 that when the total travel demand of the corridor is
56 million, and the characteristic distribution of travel demand subject is A-β1, when
the fixed cost change is 0% (that is, the cost data in Table 4), the passenger sharing rates
of conventional railway, high-speed rail and civil aviation in the passenger transport
corridor are 58.36%, 31.64% and 10%, respectively, in equilibrium state. The corresponding
equilibrium fares are 130, 375 and 622 yuan. With other parameters unchanged, the fixed
cost of high-speed rail increases by 10%. 10% of the passenger flow of high-speed rail is
transferred to civil aviation in equilibrium state, and the equilibrium fare of high-speed
rail increases by 27.35 yuan, which is due to the increased travel cost of some travel
demand subjects who choose high-speed rail. In order to maximize their travel surplus,
they choose high-speed rail instead of civil aviation with larger travel surplus. At this
time, the consumer surplus in the whole society is lower than when the fixed cost remains
unchanged. When the fixed cost of high-speed rail increases to 20%, the share rate of
high-speed rail passenger flow is reduced to 20%, and the reduced passenger flow is
transferred to conventional railway, which undertakes 60% of the passenger flow in the
corridor. On the other hand, when the fixed cost of high-speed rail is reduced by 10%,
the competitive advantage of high-speed rail is enhanced, attracting part of the passenger
flow of conventional railway. The passenger flow sharing rate of conventional railway is
reduced from 58.36% to 37.71%, while the passenger flow sharing rate of high-speed rail
is rapidly increased to 52.28%. For passengers with higher time requirements, they still
choose civil aviation. When the fixed cost of high-speed railway continues to decrease to
20%, the passenger flow sharing rate of high-speed railway increases slowly to 56.73%.

Table 8. Impact of high-speed rail fixed cost changes on mode structure.

Attributes
Market Share Equilibrium Price (¥)

Social Consumer Surplus (¥)
OR HSR CA OR HSR CA

N = 56 Million Passengers (A-β1)

+20% 0.6 0.2 0.2 130.33 422.91 622.35 3.21017 × 1011

+10% 0.5836 0.2164 0.2 130.33 402.28 622.35 3.21325 × 1011

0% 0.5836 0.3164 0.1 130.33 374.93 622.35 3.21753 × 1011

−10% 0.3772 0.5228 0.1 161.58 349.64 622.35 3.22315 × 1011

−20% 0.3327 0.5673 0.1 161.58 335.45 622.35 3.23181 × 1011

N = 60 Million Passengers (A-β1)

+20% 0.5973 0.2028 0.2 124.08 402.52 621.69 3.44437 × 1011

+10% 0.6 0.3 0.1 124.08 376.49 621.69 3.44828 × 1011

0% 0.3995 0.5005 0.1 153.24 351.64 621.69 3.45257 × 1011

−10% 0.3585 0.5415 0.1 153.24 338.80 621.69 3.4606 × 1011

−20% 0.3151 0.5849 0.1 153.24 325.23 621.69 3.46977 × 1011

When the total travel demand of a passenger corridor is 60 million, other parameters
are consistent with the above. When the fixed cost of high-speed rail increases by 10% or
even 20%, the competitive advantage of high-speed rail drops rapidly, and the passenger
flow gradually shifts from high-speed rail to conventional railway and civil aviation, and
the passenger flow sharing rate of high-speed rail decreases from 50.05% to 30% or even
20.27%. In contrast, when the fixed cost of high-speed rail decreases by 10% and 20%, the
passenger flow sharing rate of the high-speed rail increases to some degree, by 54.15%
and 58.49%, respectively. The equilibrium fare somewhat decreases. It can be seen that
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when the travel demand of a certain corridor reaches 60 million, the increase of fixed cost
of high-speed rail has a fairly great impact on the passenger flow, but the decrease of fixed
cost of high-speed rail has a certain influence on its passenger flow sharing rate, but only
with limited influence. On the whole, when other parameters remain unchanged, the
change of fixed cost of high-speed rail has great influence on the supply configuration of
the passenger transport corridor. Therefore, the results of fixed cost changes analyzed by
the model and algorithm basically conform to the economic mechanism, showing that the
model and algorithm proposed in this paper are basically feasible and effective.

It should be noted that this study only considered the direct influence of fixed cost
changes of the high-speed rail, ignoring indirect impact.

5. Conclusions

In this study, a new planning concept was used to explore the optimal configuration of
the passenger transport corridor structure. First, the decision-making mechanism of travel
behavior was explored based on the demand subject, and passengers’ travel demand was
classified according to the travel time value and its correlation with its own interest. Then,
an economic equilibrium model for optimizing the structure of the passenger transport
corridor was constructed, and a solution algorithm was designed. Finally, an example was
given to analyze the influence of travel demand, time value distribution and changes in
fixed cost of high-speed rail. The conclusions are as follows:

(1) According to the value of travel time and its correlation with its own interest, travel
groups can be divided into three categories: consumption travel, productive travel
and emergency travel, and can be subdivided into six categories.

(2) An economic equilibrium model for structural optimization of the passenger transport
corridor was constructed in this study, and a global optimization algorithm was
designed to solve it. The results show that the algorithm has good convergence. In
addition, it simulates the travel demand of 10 million to 130 million and the influence
on the configuration result of the service modes when the time value distribution is β1
and β2 and when the fixed cost of high-speed rail changes by +20%, +10%, 0%, −10%
and −20%. It is found that the travel demand, time value distribution and fixed cost
all have an important influence on the mode configuration of the passenger transport
corridor. With the increase of travel demand of passenger transport corridors, various
transport modes can gradually realize the basic equilibrium rate of return, and the
configuration of corridor modes will be perfected and diversified. With the increase of
travel time value, the travel demand subject will pay more attention to time efficiency,
and then choose a fast and high-quality transport mode. The increase of fixed cost of
high-speed rail will reduce its passenger flow sharing rate, and vice versa. On the
whole, the analysis results of examples basically conform to the economic equilibrium
mechanism of supply and demand. The results show that the model and algorithm
proposed in this paper are effective, and can provide reference for the design and
policy making of passenger transport corridor mode supply.

The method proposed in this paper still has some limitations, and has set foot in
neither the relationship between the comprehensive transport hub and comprehensive
transport corridor nor the relationship between multiple corridors. Therefore, further study
needs be conducted on the optimization of the supply structure of the comprehensive
transport passenger transport corridor with multiple ODs and networking conditions.
In addition, case studies or empirical analysis will continue to test the practicability of
models and algorithms, and impacts on the environment, energy consumption and demand
preferences will also be introduced and further studied.
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