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Abstract:

The new western land and sea corridor makes use of a variety of transport modes to reach major ASEAN countries
such as Singapore to the south, connects Southeast Asia and North America to the east, and connects Chongging,
Lanzhou and Xinjiang to the north with the China-European Union (CEU) liner train, which is a composite opening-
up corridor in the western region for realising the regional linkage and international co-operation with ASEAN and
other countries, and organically connecting with the "One Belt, One Road". In order to explore the regional freight
network of Gan-Qing-Ning region of the new western land and sea corridor, we establish the model of node socio-
economic attractiveness, topological charisma and comprehensive utility maximization, and analyze the index factors
by using entropy weighting, Delphi and comprehensive evaluation methods through the Matlab Genetic Algorithm
Toolbox to study the influence of node socio-economic attractiveness, topological charisma, node freight volume,
logistics and transportation costs and construction costs on the utility of nodes of the new western land and sea cor-
ridor. The influence of the regional node utility of Gansu, Qinghai and Ningxia in the corridor. Analyze the problems
and factors affecting the selection of nodes in the existing freight transport corridors in the three provinces. Complet-
ing the site selection of Gan-Qing-Ning regional node of the new western land and sea corridor and combining the
import and export cargo volume of the three provinces to propose the construction of the South-Middle East three-
lane freight corridor, and completing the optimization plan of the freight network. The results show that: scientific
optimization and improvement of Gan-Qing-Ning regional freight network can promote the construction of freight
network in the northwest region of the new western land and sea corridor, to meet the demand for freight transporta-
tion in the corridor, and to promote the development of the corridor industry and economic growth. Thus, it provides
reference for the development of Gansu, Qinghai and Ningxia region and freight network optimization.
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1. Introduction

With the "Belt and Road" initiative in 2013 and the
"Eleventh Five-Year Plan for Western Develop-
ment" in 2016, the role of the western region has be-
gun to come to the fore, becoming one of the most
important trade routes in Southeast Asia and even
globally. (NDRC, 2019) The National Development
and Reform Commission released the Master Plan
for the New Western Land and Sea Corridor. re-
leased the Master Plan for the New Western Land
and Sea Corridor, which points out that the corridor
connects to the Silk Road Economic Belt in the
north, the 21st Century Maritime Silk Road and the
China-China-South China Peninsula Econo- mic
Corridor in the south, and the Yangtze River Eco-
nomic Belt in the east. Yangtze River Economic Belt
In 2021, the National Develop- meant and Reform
Commission further put forward the "14th Five-
Year Plan" to promote the high-quality construction
of new land and sea corridors in the west, which
clearly states that the construction of new land and
sea corridors in the west will be basically completed
by 2025. It is clearly pointed out that the new west-
ern land and sea corridor will be basically built in
2025, and the new western land and sea corridor
with more convenient multimodal transportation,
more reasonable hub layout and stronger transporta-
tion capacity will be fully built in 2035.

The new western land and sea corridor takes
Guangxi, Guizhou, Yunnan, Chongging, Sichu- an,
Gansu, Qinghai, Ningxia, Xinjiang, Shanxi and
other western provinces and municipalities as the
key nodes, and utilizes a variety of trans- portation
modes to reach the main ASEAN countries, such as
Singapore, to the south, to the east to connect with
Southeast Asia, North America and other regions,
and to the north to connect with the Chinese-Euro-
pean Union (CEU) liner train in Chongging, Lan-
zhou and Xinjiang, etc. It is a composite open corri-
dor for the west to realize the regional linkage with
ASEAN and other countries and international coop-
eration, and organically connects with the "Belt and
Road". (Ma et al.,2021) It is a composite open chan-
nel for the western region to realize regional linkage
and international cooperation with ASEAN and
other countries, and organically connect with the
"Belt and Road". From 2017 to 2021, the freight vol-
ume of the new western land and sea corridor has
been growing rapidly, and by the end of 2021, the
cumulative volume of cargo transportation in the

corridor exceeded 27 thousands TEUSs, with a value
of 48 billion yuan.

Freight corridors play an obvious role in driving re-
gional economic growth, and it is crucial to carry out
freight network optimisation. The article determines
alternative nodes based on economic conditions,
transport conditions and freight volume, constructs
node socio-economic attractiveness model, topolog-
ical attractiveness model and comprehensive utility
maximisation model, and completes the freight net-
work optimisation scheme through node selection
and channel optimisation analysis.

2. Literature review

There are various research methods and modelling
related to new western land and sea corridors and
freight network optimisation.

As for the research on the new western land and sea
corridor, there is less specific research literature be-
cause the construction of the corridor is still short.
At present, scholars at home and abroad mainly
study the new western land-sea corridor from the
economic field and the economic and trade develop-
ment between China and ASEAN. From the eco-
nomic field, (Li et al.,2020) pointed out that the con-
struction of the new western land and sea corridor is
of great significance for breaking the emergency lo-
gistics obstruction between China and Southeast
Asian countries and forming a good cross-border
emergency logistics synergy mechanism. (Fu et
al.,2020) pointed out that the construction of the new
western land and sea corridor can promote the multi-
level development of the western region internally,
and externally can realise the economic structural
change in the Asia-Pacific region. (Wang et
al.,2019) pointed out that there are deficiencies in
the construction of the new western land and sea cor-
ridor and proposed that it can be improved through
the construction of a systematic logistics platform
and innovative policy coordination mechanism.
From the perspective of economic and trade devel-
opment between China and ASEAN, (OH Yoon Ah
et al.,2018) pointed out that since the implementa-
tion of China-ASEAN Trade Agreement in 2010, In-
donesia has been exporting primary products to
China and introducing Chinese manufactured prod-
ucts at the same time, which has aroused concern.
has had a significant impact on the bilateral trade be-
tween the two countries. In addition, GDP, level of
science and technology, and preferential trade zones
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have a positive impact on bilateral trade. (SV Siar et
al.,2020) Pointed out that Chinese investment in
ASEAN has significantly boosted bilateral trade be-
tween the two countries. (KYAW LYNN et
al.,2009) analyses the significant impact of foreign
direct investment on Myanmar's import and export
trade through the data of Myanmar's import and ex-
port and the annual data of foreign direct investment
in Myanmar from 1990-2014. (Vatthanamixay et al.
2011) argues that there are contradictions in foreign
direct investment. For example, a surge in foreign
capital inflows may have adverse effects, especially
real exchange rate appreciation may affect the eco-
nomic performance of recipient countries.

In terms of freight network optimisation, (Zhang et
al., 2023) and others use factor analysis to evaluate
the regional urban freight development level based
on the axial-spoke network theory, taking 16 prefec-
ture-level cities in Anhui Province as examples for
analysis, and then determining the radial scope of
the hub city and its affiliation based on the affiliation
model to ultimately determine the spatial layout of
the regional highway freight network. (Liu et al.,
2020) based on the axial-spoke theory, with 18 pre-
fectural cities in Henan Province as the object of
study for the construction of freight network, the in-
troduction of speed index and freight index to im-
prove the gravity model and affiliation model, more
effective quantification of regional inter-city freight
attraction relationship, the construction of the re-
gional urban transport corridor system, and to deter-
mine the spatial layout of the regional axial-spoke
freight network. (Pan et al., 2012) studied the rail-
way freight node hierarchical classification layout
planning problems, through comparative analysis of
existing freight node layout planning technology
routes, put forward the railway freight node hierar-
chical classification layout planning research ideas
and methodology system, the design of the railway
freight node sub-category source demand forecast-
ing method, professional carrier city layout method,
hierarchical classification node quantity planning
model and site selection layout model. (Yu et al.,
2017) constructed a two-layer model to optimise the
air express transport network, the upper model de-
signs the network and allocates the transport volume
with the objective of minimising the total transport
cost, and the lower model calculates the associated
traffic volume when users are in equilibrium.
(Shimizu et al., 2011) designed a stochastic rule-

based resource optimisation model for global freight

network optimisation scenarios under uncertainty.

(Guelat et al., 1990) constructed a study based on the

basic model of multi-commodity flow operation in

intermodal network and designed Gauss-Seidel lin-
ear approximation algorithm to solve the shortest
path with intermodal switching cost. (Friesz et al.,

1986) constructed a network optimisation model for

shippers and transport companies based on the deci-

sion-making process of shippers selecting transport
companies and transport companies formulating
transport plans, taking into account the maximisa-
tion of the respective interests of shippers and
transport companies, aiming at predicting the state
of the entire freight transport network in a more
comprehensive way. (Davendralingam et al., 2014)
argues that increasing investment in new aircraft to
meet potential trip demand affects the airline net-
work structure, which in turn affects the company's
risk and profit potential, and that robust portfolio op-
timisation is achieved based on the theory of parallel
engineering, taking into account aircraft allocation,
airline operations and passenger demand. (Powell et
al., 1986) describes the unladen motor carrier vehi-
cle load planning problem as a fixed-cost network
design problem, where the service level constraints
are heuristically represented by a set of minimum

frequencies on the links, and proposes a local im-

provement heuristic algorithm for re-optimising

freight routes on the road network.

The existing literature is summarised to identify

what can be learned from existing research and the

remaining issues, which are analysed below:

What can be learnt from existing studies:

1) mature research methods. TOPSIS method is
widely used in node evaluation research; in
freight network optimization, the vast majority
of studies have adopted the OD flow theory
method, which has produced great benefits in
practical application; multimodal transport path
optimization modelling methods are mature,
and on the basis of considering the basic cost,
time, and cargo loss, and then considering car-
bon emission, noise pollution, etc., so as to
make the multimodal transport process more in
line with the Green and sustainable develop-
ment requirements.

2) The theory and method of calculating the cha-
risma degree of hub nodes are more mature,
taking into account the three indicators of node
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connectivity, connectivity and socio-economic
attractiveness, and at the same time, taking into
account the freight volume and cost indicators,
to build a more perfect model for solving the
charisma degree of nodes.

3) On the multimodal transport path optimization
to derive the freight network optimization pro-
gram evaluation index system and modeling so-
lution, and then according to the results of the
solution to give the corresponding recommen-
dations and measures have been more literature
research, which can provide reference for the
research of this paper.

Existing research problems:

1) Due to the rapid economic development of the
Southwest region, most of the existing studies
are carried out in the Southwest region such as
Chongging, Guangxi, Guizhou, etc. of the
Western Land-Sea New Corridor, and there are
fewer studies in the Northwest region such as
Gansu, Qinghai and other provinces.

2) Most of the foreign studies on the new western
land and sea corridor are carried out from the
economic radiation, the "Belt and Road" driv-
ing role, etc., and there are fewer studies on the
analysis of the current situation of the regional
freight transport; the domestic studies on the
new western land and sea corridor are mainly
focused on the economic radiation and the rail-
water intermodal transport, and there are fewer
studies on the development of the industries in
the Northwest region and the optimisation of
the freight transport network.

3) For the study of freight network optimisation,
most of the evaluation indicators in the existing
literature are qualitative, and at the same time,
they are basically controlled from the macro-
scopic aspect, and less consideration is given to
the quantitative factors, which does not achieve
the goal of combining qualitative and quantita-
tive factors.

Comprehensive evaluation of urban freight transport

can provide reference for the construction of urban

freight transport evaluation system and evaluation
direction. The study of freight transport spatial net-
work structure can provide a basis for optimising the
urban freight transport spatial network structure.

Provide new ideas for regional freight network lay-

out planning and further enrich the theory of re-

gional freight network planning and development.

Provide suggestions for improving the freight net-
work layout and reducing the total cost of freight
network in Gan, Qing and Ning regions of the new
western land and sea corridor. At the same time,
Gan, Qing and Ning, as the hub of the new western
land and sea corridor in the northwest region, has
obvious location advantages, and the optimisation of
the freight network will help to strengthen the con-
nection with other countries and further enhance the
level of opening up of the northwest region to the
outside world. Promote the upgrading of industrial
chain and value chain, and accelerate industrial
transformation and upgrading. It is conducive to pro-
moting the deep economic development of Gansu,
Qinghai and Ningxia, and is of great significance in
promoting the rapid economic development of the
three provinces and regions.

Comprehensive evaluation of urban freight transport
can provide a reference for the construction of urban
freight transport evaluation system and evaluation
direction. The study of freight transport spatial net-
work structure can provide a basis for optimising the
urban freight transport spatial network structure.
Provide new thinking for regional freight network
layout planning and further enrich the theory of re-
gional freight network planning and development.
Provide suggestions for improving the freight net-
work layout and reducing the total cost of freight
network in Gan, Qinghai and Ningxia region of the
new western land and sea corridor. At the same time,
as the hub of the new western land and sea corridor
in the northwest region, Gangingning has obvious
location advantages, and the optimisation of the
freight network can help strengthen the connection
with other countries and further enhance the open-
ing-up level of the northwest region. Promote the
upgrading of industrial chain and value chain, and
accelerate industrial transformation and upgrading.
It is conducive to promoting the deep economic de-
velopment of Gansu, Qinghai and Ningxia, and is of
great significance in promoting the rapid economic
development of the three provinces.

3. Analysis of factors affecting freight network
optimization scheme

3.1. Analysis of the current situation of freight
transportation network in Gansu, Qinghai
and Ningxia regions

As a professional term, there is a lack of clear and

consistent interpretation of freight node. Relevant
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academic research and practical application of
freight nodes usually draw on the concept of logis-
tics nodes to understand and define freight nodes.
The paper also refers to the definition of logistics
node when discussing the use of freight node.

In the early stage, the concept of logistics node has
experienced some confusion and ambiguity, often
used interchangeably with logistics hubs, nodes and
other terms, resulting in unclear concepts. However,
as the research goes deeper, its concept is gradually
clearer. From a broad perspective, logistics nodes
cover various nodes of goods distribution, storage
and transit, including but not limited to ports, freight
stations, public railway hubs and other logistics
nodes, as well as modern logistics parks and distri-
bution centres. These nodes play a crucial role in the
logistics network and are the key hubs connecting
different modes of transport and logistics links.
From the narrow level of analysis, logistics nodes
mainly focus on logistics parks, logistics centres and
distribution centres and other functional nodes.
These nodes usually have a clear functional posi-
tioning and service scope, and are important facili-
ties in the logistics network to achieve a variety of
functions such as storage, distribution and transfer
of goods. As an important part of the logistics net-
work, the definition and concept of logistics nodes
are becoming clearer and clearer. With the continu-
ous development and progress of the logistics indus-
try, the functions and roles of logistics nodes will be
continuously optimised and enhanced, providing
strong support for academic research and practical
application in the field of logistics.

The research content of the paper is mainly for the
regional freight transport network of Gansu, Qinghai
and Ningxia, so the freight transport node is placed
in the macro background of the whole freight
transport network for careful consideration, espe-
cially focusing on its key role in the freight transport
spatial aggregation. With reference to the definition
of logistics node, the freight node is defined as the
intersection of goods transport routes, and the con-
centration of freight transport facilities, freight
transport functions of various places. Through in-
depth investigation of the layout and functional
characteristics of the nodes, it helps to optimise the
structure of the freight network in the Gansu, Qing-
hai and Ningxia regions, and then improve the effi-
ciency of freight transport and service quality.

The current status of the cargo network in the Gan,
Qinghai and Ningxia region of the new western land
and sea corridor is as follows.

1) Ningxia Hui Autonomous Region

The goods transported through the new western land
and sea corridor in Ningxia Hui Auto- nomous Re-
gion mainly include more than 30 kinds of goods,
such as methionine, plate, wheat, etc. In 2020, the
freight volume will reach 42,850 tons, and the
freight turnover will reach 69.8 billion tons: kilome-
ters, and the two cities of Yinchuan and Shizuishan
have a strong degree of attracting sources of goods.
Provincial cargo transportation by Shizuishan,
Guyuan and other cities in Yinchuan assembly and
sent to Lanzhou.

2) Gansu Province

Lanzhou, Jiayuguan, Zhangye, Wuwei, Tianshui
and other cities in Gansu Province have a large
amount of freight, taking into account both import
and export of goods, the main export goods are as-
bestos, aluminum and other industrial products and
agricultural products such as apples, and the main
imports of fruits, chilled aquatic products and petro-
leum coke, etc. In 2020, the freight volume reaches
67,239 tons, freight turnover reaches 2,517, hundred
millions tons- kilometers. Among them, Lan- zhou
city freight volume reached 141.21 million tons, ex-
port freight volume is great while the import freight
volume is also increased year by year, 2020 ac-
counted for 1/4. provincial cargo transportation are
assembled in Lanzhou and then sent to Chongging
via Longnan.

3) Qinghai Province

The development of freight transport in Qinghai
Province is relatively late, and the cargo transport is
mainly concentrated in Xining City and Delingha re-
gion of Haixi Mongol and Tibetan Autonomous Pre-
fecture, and the goods transported through the new
western land and sea corridor mainly include steel,
coal, soda ash, etc. In 2020, the freight transport vol-
ume will reach 14,512 tons, and the freight transport
turnover will reach 42,4 hundred millions tons- kil-
ometers. Cargo transportation in the province is sent
from Haixi to Xining, where it is assembled and sent
to Lanzhou.

To summarize, Gansu, Qinghai and Ningxia prov-
inces goods are assembled in Lanzhou, and then
through Lanzhou - Longnan - Chongging sent to the
Beibu Gulf to the sea, constituting a land and sea
channel, the western land and sea new channel
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Gansu, Qinghai and Ningxia regional freight net-
work sketch shown in Figure 1.

As can be seen from Fig.1, while the cargo revenue
of Gan, Qinghai and Ningxia region of the new west-
ern land and sea corridor increases year by year,
there are irrationalities in its cargo network. Such as
Zhangye-Lanzhou cargo tran- sportation line for
Zhangye-Wuwei-Lanzhou, Tianshui-Longnan cargo
transportation line for Tianshui-Lanzhou-Longnan,
the increase in transportation distance improves the
cost of transportation. There are problems such as
poor freight connection and unreasonable layout
structure. Therefore, it is very important to carry out
node selection to build a more reasonable freight
transportation network.

3.2. Analysis of factors affecting the siting of
freight nodes

When the freight node location modeling is carried
out, the node economy, transportation conditions
and freight volume factors are considered, and the
major urban areas in Gansu, Qinghai and Ningxia
provinces are selected as alternative nodes, while the
urban areas with zero export freight volume are ex-
cluded. In the freight network structure, (Tong, H.,
et al., 2022)alternative node selection is mainly con-
sidered from the follow- ing factors.

1) Socio-economic attractiveness
Socio-economic attractiveness indicates that the
channel involves the role of social and econo- mic
radiation transmission of nodes, the greater the so-
cio-economic attractiveness, indicating that the node
is closer to the center node, and then through the role
of inter-node connectivity relay to drive the regional
economic development role is greater. The factors
affect- ing the socio-economic attractiveness of a
node are summarized in six aspects: the size of the
node, the level of economic development, the level
of science and education, the level of socio-cultural
development, the level of re- sources and infrastruc-
ture development and the level of environmental
quality development.

2) Cargo volume

Freight volume refers to the amount of goods com-
pleted or to be completed by a freight node, usually
in tons. Node freight volume is generally reflected
by cargo throughput, node throughput capacity intu-
itively reflects the size of the node and its impact on
the regional economy. Which "swallow" refers to

the arrival of the node cargo volume, through the ar-
rival of the node cargo type and quantity to reflect
the regional economic characteristics and this region
to other regions to supply the type and quantity of
products. "Spit" refers to the type and quantity of
cargo originating at the freight node, reflecting the
delivery of goods by the regional transportation in-
dustry, which is directly related to the scheduling of
means of transportation.

3) Network topology

Network topology refers to the physical or spatial
connectivity of a network. In the context of transpor-
tation and logistics, (Yang. et al., 2018)network to-
pology refers to the spatial structure of the freight
transportation network and the spatial layout of the
different modes of transportation used at different
volumes. In the selection of hub nodes, the focus is
on the degree of topological importance of freight
nodes in the freight transportation network. Freight
network topology can indicate the degree of direct
access between nodes, reflecting the interactive re-
lationship between nodes and the spatial structure of
the freight network, and at the same time can meas-
ure the degree of nodes attracting cargo sources.
Two indicators, connectivity and accessibility, are
used to describe this factor. The degree of connec-
tivity reflects the degree of direct access between
nodes and the interaction between nodes and the spa-
tial structure of the freight network; the degree of
accessibility indicates the degree of attraction of
nodes to sources of goods, directly reflecting the de-
gree of convenience of nodes in transporting goods
inward and outward. The degree of accessibility in-
dicates the degree of attraction of nodes to cargo
sources, which directly reflects the convenience of
nodes to transport cargo inward and outward.

4) Costs

Including node logistics transportation costs and
node construction costs. Whether the node site se-
lection is reasonable is mainly reflected in the trans-
portation cost, expressed through the alternative
node geographic location and the distance between
the geographical location of the demand for nodes;
node construction cost is the construction of nodes
must be considered as an economic indicator, which
is directly related to the node size, operating costs
and payback period and other issues, and at the same
time affected by the level of regional economic de-
velopment and logistics demand and other factors.
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Fig.1 Schematic diagram of gangingning regional freight network of New Western Land-sea Corridor

4. Model Construction

4.1. Socio-economic attractiveness

The node socio-economic attractiveness is ex-
pressed as the potential energy of each node under
the combined effect of radiation from other nodes,
and is calculated in equations (1)-(3):

E, = X1 Exy 1)
Ey = ZyD% (2)
Zi = Xj=1 @) Xij ©)

Where: F, indicates socio-economic attractiv-
eness; p indicates thep th node; K indicat- es the to-
tal number of nodes; k indicates the nodek; Ej, indi-
cates the role of radiation field strength; 4, indicates
the node influence weig- ht; D, indicates the dis-

tance between nodes; Z,, indicates the node compre-
hensive level index; X, ; indicates the comprehen-
sive level of the city; and w; indicates the influence
factor weight coefficient.

4.2. Topological charisma

Through comprehensive consideration, (He et al.,
2023) the network topology is evaluated using two
metrics, node connectivity and accessibility, and the
node topology attractiveness describes the degree of
node importance and attractiveness in the freight to-
pology network. The calculation formula is shown
in equation (4):

Gp = wrTp + wpDp 4)

Where: G, denotes the node topological attrac- tive-
ness; p denotes the p th node; T, den- otes the node
accessibility; D,, denotes the node connectivity; wr



58

Yang, X., Yaling, M.,
Archives of Transport, 71(3), 51-66, 2024

and wp denote the we- ight coefficients of T;, and
D, , respectively.

The evaluation indicators in equation (1) are calcu-
lated as shown below.

(1) Node accessibility

The node accessibility formula is shown in equation

®):
Tp = Z;L=1 Sp : (Disp)_u (5)

Where: S, represents the total amount of tran- spor-
tation of the alternative node p, and the total amount
of goods of the node greatly reflects the importance
and attractiveness of the node; Dis,, represents the
distance of the line within the node area; i repre-
sents the atte- nuation coefficient of the center's ac-
cessibility with the distance, which is calibrated ac-
cording to the actual situation.
(2) Node connectivity
The node connectivity calculation formula is shown
in equation (6):

n 1

=1 . Lj
D, = "y ©)

p n

Node connectivity is expressed as the average value
of connectivity of the node to the distribution point.
Where D,, denotes the connectivity of the alternative
node p; n denotes the number of major distribution
points within the node; L; denotes the length of the i
section of the line; and V denotes the speed of op-
eration when using different modes of transporta-
tion.

4.3. Nodal export shipments

The western land and sea new corridor Gansu, Qing-
hai and Ningxia region is mainly exported goods, so
the node export freight volume is selected as one of
the comprehensive utility maximization model indi-
cators. The formula for calculating the node export
freight volume is shown in equation (7):

§= ZvEV 8y - Sy (7)

Where: S represents the export cargo volume of al-

cargo; s represents the weighting coefficient of ex-
ported cargo, which is calculated based on the ratio

of the amount of exported cargo to the total amount
in each city (state); and V represents the set of ex-
ported cargo.

4.4. Costs

Node selection prioritizes the geographic location of
the demand place, while node selection should be
carried out in close proximity to industrial areas. In
order to shorten the transportation distance, reduce
the transportation cost and improve the freight reve-
nue.

1. Unit logistics and transportation costs

(Pawet D et al., 2017)The formula for calculating the
unit logistics and transportation cost is shown in
equation (8):

Cr =YuevCu- dy ®)

Where: ¢, indicates the unit price of the trans- por-
tation mode (dollar/ton. km); d,, indicates the trans-
portation distance when using the transportation
mode; u indicates the trans- portation line (national
highway, provincial highway, railroad, etc.); U indi-
cates the collection of transportation lines.

2. Hub construction costs

(He Y etal., 2017) The hub construction cost formula
is shown in equation (9):

Cs=Xplap+cy-Ay-Sp) 9)

Where: a, represents the fixed construction cost of
the node; c, represents the unit land price of the
node p; S, represents the freight volume of the node
p, and 4, represents the conversion factor of the
node's land area and freight volume.

4.5. Utility maximization model construction
Due to the inconsistency of the function value mag-
nitude target, the different meanings and objectives
of the magnitude mapped to the [0, 1] interval, so
that the function value magnitude unity, while the
use of the Delphi method for the assignment of the
indicators to the multi-objective optimization prob-
lem into a single-objective optimization problem,
(Zhu Y et al., 2023)the optimal optimization model
established is shown in Eq. (10):

maxW = SH(¢rF '+ G + dsS + pesCs +

Gt Ce ) Xi (10)
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Where: F', G', S', C; ,C, denote F, G, S, Cq, C;
(Zong. et al., 2022)standardized uniform dimension-
less values (see (4.2) for data standardization); ¢y,
dg, b5, s, P denote the weighting coefficients
of F',G,S', C,,C, respectively.

The constraints are shown in Egs. (11)-(13):

Sx < X° (11)
21(Cs + C) x; < CH (12)
SIS < §* (13)

Where: X* denotes the maximum number of se-
lected nodes; C* denotes the maximum investment
cost consumed when using the node; S* denotes the
total regional freight volume. Among the con-
straints, Eq. (11) is the total number of nodes con-
straint; EQ. (12) is the maximum investment cost
limit; and Eq. (13) is the node freight volume limit.
After normalization, the specific expression of the
integrated utility maximization function model is
shown in Eq. (14):

maxW = ’
(oo magg)
+¢g Zp(wrTp + wpDp) +

ZH $e3p (Toevy-sp) —
GesTp (Sueycy-dy ) —
ber Sp[Bper (a0 + ¢y Ay Sy ) ]

)

Where:x; is 0-1 integer decision variable, taking 1
means selecting the node, taking 0 means not select-
ing the node. (Pawlowski S D. et al., 2005) Using
the Delphi method on the coefficients ¢y, ¢y,
b5, Pes, P Tor the assignment. Fifty experts and
scholars in the field of transport were selected: 47
per cent were from professional scholars, i.e., ex-
perts related to the transport industry, who possessed
the appropriate professional knowledge to make the

Tab. 1. Table of weighting factors

evaluation results professional and scientific; 40 per
cent were from the on-site staff and managers of the
freight yards, who had a more detailed and precise
understanding of the implementation of railway
freight transport to make the evaluation results more
targeted and representative. The rest of the personnel
from the shippers, they start from their own interests,
can take into account the other personnel cannot
consider the issue of the overall evaluation of a more
comprehensive.

According to the actual situation of the discussion
and analysis to determine the indicator selection
range [1, 5] and weights leap value 0.25, by experts
and scholars independently of the F, G, S, C indica-
tors for the impact of the integrated utility scoring,
scoring by the weighted average of the results of the
processing is shown in Table 1.

As can be seen from Table 1, socio-economic attrac-
tiveness has the greatest impact on the comprehen-
sive utility and is the most important factor to be
considered in node selection, with its importance be-
ing 3.4 times that of the node's topological attrac-
tiveness, and the node's freight volume and unit cost
are of similar importance, second only to the node's
topological attractiveness.

5. Model solving

5.1. Node Selection

Gansu, Qinghai and Ningxia provinces are located
between 97-108 degrees east longitude and 34-40
north latitude, with a total area of 1,214,500 square
kilometers, and the transportation conditions and
freight traffic survey and analysis of the cities in the
three provinces are carried out for the preliminary
selection of freight network nodes. After the basic
conditions screening, excluding the nodes with 0 ex-
port freight volume, 24 cities (states) of Lanzhou,
Baiyin, Wuwei, Jinchang, Zhangye, Jiuquan, Jiayu-
guan, Dingxi, Longnan, Tianshui, Pingliang, Qing-
yang, Linxia, Yinchuan, Zhongwei, Wuzhong,
Guyuan, Shizuishan, Xining, Haidong, Huangnan,
Haibei, Golog, and Haixi are selected as the initial
alternative nodes. The location of the nodes and the
sketch of the route network of transportation modes
between the nodes are shown in Figure 2.

Norm Socio-economic
attractiveness

Topological
attractiveness

Volume of freight (manufacturing,

production etc) costs

weighting factor 4.25 3.25

2.75 1.25
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Fig.2 Schematic diagram of the line network of the traffic mode between the nodes

5.2. Data processing
Due to the inconsistency of the data units, the data
were processed for ease of computation and were
processed as follows.
1) Data standardization
The initial data were first standardized and the pro-
cessing equation is shown in equation (15):

. a]
a;’ = [Z’,}zlzZa;‘)] (15)

n

Where: a{, denotes the j th indicator of the initial-
ized p th node.

2) Socio-economic attractiveness modelw Em-

powerment values

The socio-economic attractiveness of nodes takes
into account various factors and comprehensively
reflects the importance of nodes. The weight of each
factor determines the accuracy of the solution re-
sults, and in order to increase the objectivity of the
solution results and reduce ambiguity and uncer-
tainty, the entropy weight method is used to solve
the weight of each indicator. The solution formula is
shown in equation (16)-(20):

Xy = i minGi e)
e =—0Xfijlnf; 17)
fi = (19)
0=— (19)
W = e (20)

Where:see 4.1 for the meaning of each indicator.

3) Topological charisma attractiveness model
w Weighting values

In order to make the data more objective, the topo-

logical charm attractiveness w was weighted using

two methods , (Huang. Et al., 2022)which are de-

scribed in Egs. (21)-(22).

n 2

Sj 1
of = o ,s-2=—é a’ —-a),
D) i np:l(] /) (21)
—_1lyn P

4j =3 ap=1%
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Where: wf denotes the weight of the j th indicator,
sj and @; denote the sample varia- nce and sample
mean of the q; th indicator, respectively.

0f = (22)

T ILT

Where: w]fq represents the weight of the first j indi-

cator determined using a "function driven" ap-
proach.

4) Data integration

The values obtained from the assignment are inte-
grated and the value of k4, k, is also determined so
that equation (23)

Yr Y (kwf + kpof) al (23)
The maximum value is taken when the condition
ki >0, k; >0, ki +k, = 1is satisfied. The in-

tegration method is shown in equation (24):

wj = kiwf + kyw! (23)

When using the above methods for data processing,
the best expectation is to obtain balanced values to
optimize the overall effect. The "difference-driven"
empowerment emp- hasizes balance, and the more
average the evaluation result, the better; the "func-
tion driven" empowerment method pays more atten-
tion to the average value of the indicators. The com-
prehensive evaluation method describ- ed above can
combine the advantages of the "difference-driven"
and "function-driven" methods, so that all indicators
are balanced and close to the optimum.

5.3. Model solving

1) Indicator weights

The factors affecting the socio-economic attrac-
tiveness of the nodes were summarized in the previ-
ous section into six aspects: the size of the nodes, the
level of economic development, the level of science
and education, the level of socio-cultural develop-
ment, the level of resource and infrastructure devel-
opment and the level of environmental quality de-
velopment. The indicators and weights of each in-
fluencing factor are shown in Table 2.

Tab. 2. Weighting coefficients of factors influencing the level of integration of nodes

Causality Norm Weight (%)
Total population(million) 4.69
Nodal ballpark Area(km?) 1142
GDP(billion dollars) 4.62
Value added of secondary industry(billion dollars) 5.42
Value added of tertiary industry(billion dollars) 6.80
Level of economic development Share of output in secondary and tertiary industries 8.05
Investment in fixed assets(billion dollars) 5.64
Total retail sales of consumer goods/total 10.69
Local revenue(billion dollars) 5.15
Year-end savings of the population(billion dollars) 3.29
Level of science education Number of students per 10,000 population 2.54
Investment in science education(billion dollars) 6.13
Average wage of employees($) 7.79
Disposable income per capita($10,000) 5.18
Level of social development Electricity consumption per capita(kmh) 1.07
Number of hospital beds per 10,000 persons 0.57
Number of physicians per 10,000 persons 1.02
Urban road area per capita(m?) 0.81
Level of resources and infrastructure Per capita daily domestic water use(L) 2.35
development Gas penetration rate 7.02
Total electricity consumption(kwh) 1.36
Level of development of environmental ~Greening coverage(%) 4.69

quality

Green space per capita(m?) 9.82
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2) Nodal socio-economic attractiveness and (2) Adaptation ordering. Use function rank ordering

topological attractiveness
According to the factors such as the network topo-
logical location between nodes and the distance be-
tween each node, the socio- economic attractiveness
and topological attractiveness of each alternative
node are calculated based on Egs. (1)-(8) and are
shown in Table 3.
3) Genetic algorithm solution
The model is solved using the Matlab Genetic Algo-
rithm Toolbox, which comes with two ways of solv-
ing the model: the simple command line mode and
the intuitive GUI interface mode. It should be noted
that the above two ways can only solve for the min-
imum value of the objective function.
The parameter settings for the solution using the
Matlab Genetic Algorithm Toolbox are as follows:
(1) Population. The population type defaults to a real
number code and the population size is set to 50.

by default.

(3) Chromosome selection. The default is to use the
function random uniform.

(4) Breeding. The number of elites was set to 0.05
and the proportion of cross progeny to 0.8.

(5) Variant. Use the default value.

vi. Determine whether the algorithm termi- nation
conditions are satisfied. Such as the number of stop-
ping generations and the maximum number of evo-
lutionary generations (both set to 100).

The results obtained from the calculation of the
node's comprehensive economic attractiveness, top-
ological attractiveness, export freight volume, unit
logistics and transportation cost and node construc-
tion cost are brought into the comprehensive utility
maximization model. According to the set con-
straints, the solution is input into the solver toolbox
for solving. The results are obtained by solving us-
ing Matlab Genetic Algorithm toolbox.

Tab. 3. Indicators of economic attractiveness and attractiveness of alternative node meetings

Serial number Name Socio-economic attractiveness Topological attractiveness
1 Lanzhou 402.0 59.0
2 Baiyin 435 30.9
3 Zhangye 48.7 18.3
4 Jinchang 135.1 15.6
5 Wuwei 39.6 13.2
6 Jiuguan 135 18.6
7 Jiayuguan 20.5 25.2
8 Dingxi 29.2 16.8
9 Longnan 18.2 16.8
10 Tianshui 48.4 45.0
11 Pingliang 62.2 14.1
12 Qingyang 61.0 135
13 Linxia 91.2 21.0
14 Guyuan 52.7 75
15 Zhongwei 454 17.4
16 Wuzhong 37.8 12.6
17 Yinchuan 189.7 52.2
18 Shizuishan 128.2 29.1
19 Haidong 28.8 22.8

20 Huangnan 54.6 21.6
21 Xining 245.5 42.6
22 Haibei 23.9 21.0
23 Guoluo 30.1 25.8
24 Haixi 5.0 38.1
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4) Solution results

Combining the solution results and the actual situa-
tion, the experiment results in the optimal number of
freight hub nodes selected as 9. The optimal result is
obtained after 213 iterations of operation, and the
maximized utility is 653.The finalized freight nodes
are Lanzhou, Wuwei, Jiayuguan, Longnan,
Tianshui, Yinchuan, Shizuishan, Xining and Haixi.
Among them, Lanzhou city has a superior geo-
graphic location and a large export freight volume,
and the node has a very high economic attractiveness
of 402 and a topological attractiveness of 59, which
is a great advantage in the network topology. In
terms of export freight volume, Yinchuan City has a
relatively large export freight volume due to its geo-
graphic location and rich regional resources, and
takes a great advantage in the network topology

6. Analysis of results

In order to promote the construction of new western
land and sea corridors and the economic develop-
ment of the northwestern region, combining the cal-
culation results with the geographic location of each
node, and also considering the railroad projects un-
der construction (such as Lanzhang 3-4 and Tian-
long lines), (Peng, Y., et al., 2021)it is proposed to
plan the south, central and east freight corridors in
Gansu, Qinghai and Ningxia provinces, and the
screened nodes and freight corridor planning are
shown in Fig. 3.

1) Central Freight Corridor

Western land and sea new corridor Gansu, Qinghai
and Ningxia middle line freight corridor mainly ben-
efit Jiayuguan, Zhangye, Wuwei, Lanzhou, Longnan
and other Gansu provinces and cities, is the western
land and sea new corridor Gansu, Qinghai and Ning-
xia regional freight network main channel. The mid-
dle line freight corridor is important for promoting
the operation of multimodal international freight
train lines and boosting the high-quality develop-
ment of outward-oriented economy in Gansu Prov-
ince.

2) Eastern Freight Corridor

The new western land and sea corridor, the Gan-
Qing-Ning East Freight Corridor, mainly benefits
the Ningxia Hui Autonomous Region and the cities
of Tianshui and Longnan in Gansu Province. The
freight corridor will promote the economic growth
of the Ningxia Hui Autonomous Region and facili-
tate the export of its mineral resources.

3) Southern Freight Corridor

The new western land and sea corridor Gan-Qing-
Ning south line freight corridor mainly benefits
Qinghai Province and Gansu Province Lanzhou,
Longnan and other cities. Compared with Ningxia
and Gansu provinces, the development of freight
transport in Qinghai Province is relatively late, and
the advantages of freight transport are mainly con-
centrated in Xining and Haixi. The new western land
and sea corridor south freight corridor can accelerate
the promotion of the establishment of Qinghai Prov-
ince and the southwestern region to connect the fast,
large capacity channel.

The results of the study show that the freight
transport network composed of the south, central
and east freight transport corridors in Gansu, Qing-
hai and Ningxia provinces can organically connect
the different resources in each region of Gansu,
Qinghai and Ningxia provinces with the new land
and sea corridors in the west, form a cluster effect,
improve the utilization rate of the resources, gener-
ate cluster benefits and promote the high-quality de-
velopment of the corridor economy. It is of great sig-
nificance to the construction and development of the
corridor.

7. Summary

Improving the construction of transport corridors
plays a key role in promoting regional economic de-
velopment. Efficient and convenient freight
transport corridors can reduce freight costs, improve
the turnover speed of goods, and then promote the
rapid development of related industries. At the same
time, it helps to enhance the competitiveness of re-
gional freight transport. Strengthening the construc-
tion of freight transport corridors in Gan, Qinghai
and Ningxia areas of the new western land and sea
corridors, optimising the freight transport service
system and enhancing freight transport efficiency
will help to promote regional economic growth, pro-
mote the rational allocation and utilisation of re-
source factors and realise the coordinated develop-
ment of the region, and at the same time will further
strengthen the trade exchanges between China and
Central Asia and Europe, promote inter-regional in-
terconnectivity, provide more opportunities for Chi-
na's participation in the global economic co-opera-
tion, and promote economic prosperity and inte-
grated development of the western region. It will
also further strengthen trade exchanges between
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China and Central Asia and Europe, promote inter-
regional connectivity, provide more opportunities

A)
B) Legend
© Municipalitics
— Easterly Corridor
©)

Legend
© Municipalities
— Southern Corridor

for China to participate in global economic cooper-
ation, and promote economic prosperity and inte-
grated development in the western region.

Fig.3 Node and Freight AccessPlan




Yang, X., Yaling, M., 65
Archives of Transport, 71(3), 25-66, 2024

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Notice of the National Development and Reform Commission on the Issuance of the Master Plan for
New Western Land and Sea Corridors [EB/OL]. (2019). http: //www.gov.cn/Xinwen/2019-08/15/con-
tent_5421375.htm

Ma, W., Wang, X., (2021). Opportunities and Challenges of China's Cross-border E-commerce in the
Middle East under the "Belt and Road" Initiative. Contemporary Economy, 000(003): 58-61.
http://doi.org/10.3969/j.issn.1007-9378.2021.03.016

Li, Shumei., (2020). Research on the synergistic mechanism of cross-border emergency logistics in the
new western land and sea corridor. Logistics Science and Technology, 43(05): 63-64+72.
http://doi.org/10.13714/j.cnki.1002-3100.2020.05.017

Fu, Y., (2019). Research on high-level construction of new land and sea corridors in western China.
Regional Economic Review, (04): 70-77. http://doi.org/10.14017/j.cnki.2095-5766.20190717.003
Wang, J., (2019). Challenges and Strategies for the Construction of Logistics System of "New Western
Land and Sea Corridor'. Foreign Economic and Trade Practice, (05): 83-85.
http://doi.org/10.3969/j.issn.1007-9378

OH Yoon Ah, (2018). "China's Economic Ties with Southeast Asia". Journal of Current Southeast Asian
Affairs. https://doi.org/10.2139/ssrn.3038741

SV Siar, (2014). Prospects and challenges of brain gain from ASEAN integration. IDS Discussion Paper
Series. https://doi.org/10.1355/9789814762175-008

KYAW LYNN., (2009). Major Industries and Business Chance in CLMV Countries. Brc Research Re-
port. https://doi.org/10.1057/9780230389427.0016

Vatthanamixay., (2011). Foreign Direct Investment, Real Exchange Rate Misalignment, and Export Per-
formanceof Lao PDR. Journal of International Development and Cooperational. 31-51.

Zhang J., Zhang Q. N., (2023). Research on the identification of importance degree and network con-
struction of regional urban freight nodes. Road and Motor Transport, (03), https://doi.org/12-
18+2310.20035/j.issn.1671-2668.2023.03.004

Jie L, Xumei C, Zengli F., (2020). Construction and application of regional urban hub-and-spoke freight
transport network model. Journal of Harbin Institute of Technology, 52(09): 1-7.

Pan H., (2012). Layout planning research on railway logistics nodes in hierarchical classification. Bei-
jing:Beijing Jiaotong University.

Yu S, Yang Z, Yu B., (2017). Air express network design based on express path choices—Chinese case
study. Journal of Air Transport Management, 61: 73-80. https://doi.org/10.1016/j.jairtra-
man.2016.04.008

Shimizu Y, Fushimi H, Wada T., (2011). Robust logistics network modeling and design against uncer-
tainties. Journal of Advanced Mechanical Design, Systems, and Manufacturing, 5(2): 103-114.
https://doi.org/10.1299/jamdsm.5.103

Guelat J, Florian M, Crainic T G., (1990). A multimode multiproduct network assignment model for
strategic planning of  freight  flows. Transportation science, 24(1): 25-39.
https://doi.org/10.1287/trsc.24.1.25

Friesz T L, Gottfried J A, Morlok E K., (1986). A sequential shipper-carrier network model for predicting
freight flows. Transportation Science, 20(2): 80-91. https://doi.org/10.1287/trsc.20.2.80
Davendralingam N, Crossley W., (2014). Robust approach for concurrent aircraft design and airline net-
work design. Journal of Aircraft, 51(6): 1773-1783. https://doi.org/10.2514/1.c032442

Powell W B., (1986). A local improvement heuristic for the design of less-than-truckload motor carrier
networks. Transportation Science, 20(4): 246-257. https://doi.org/10.1287/trsc.20.4.246

Liu S, Chan F T S, Chung S H., (2011). A study of distribution center location based on the rough sets
and interactive multi-objective fuzzy decision theory. Robotics and Computer-Integrated Manufactur-
ing, 27(2): 426-433. https://doi.org/10.1016/j.rcim.2010.09.003


http://doi.org/10.3969/j.issn.1007-9378.
https://doi.org/10.1355/9789814762175-008

66

Yang, X., Yaling, M.,
Archives of Transport, 71(3), 51-66, 2024

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Pawel D, Monika W, Radovan M, et al. (2017). Optimization of the post logistics network and location
of the local distribution center in selected area of the Lublin Province. Procedia Engineering, 192: 130-
135. https://doi.org/10.1016/j.proeng.2017.06.023

Kuo M S, (2011). Optimal location selection for an international distribution center by using a new hy-
brid method. Expert Systems with Applications, 38(6): 7208-7221.
https://doi.org/10.1016/j.eswa.2010.12.002

Holzapfel A, Kuhn H, Sternbeck M G, (2016). Product allocation to different types of distribution center
in retail logistics networks.European Journal of Operational Research, 264(3): 948-966.
https://doi.org/10.1016/j.ejor.2016.09.013

Tong, H., (2022). Research on the site sele- ction and path layout of the logistics distri- bution center of
marine ships based on a mathematical model. Archives of Transport, 63(3), 23-34.
https://doi.org/10.5604/01.3001.0015.9925

Yang, Ju., Duan, A., (2018). Research on the attractiveness of urban logistics nodes in Wuhan based on
the evolution analysis of freight network topology. Mall Modernization, (20): 73-74.
https://doi.org/10.14013/j.cnki.scxdh.2018.20.040

He, S., Guo, Y., Zhu, W., Shao Meichen, Guo Shuai, (2023). Optimization study of bi-objective emer-
gency logistics network considering equilibrium slack inventory under epidemic situation. Railway
Transportation and Economy, 45(01): 22-29. https://doi.org/10.16668/j.cnki.issn.1003-1421.2023.01.03
Ji Y, Yang H, Zhang Y, (2013). Location optimization model of regional express distribution center .
Procedia-Social and Behavioral Sciences, 96:1008-1013. https://doi.org/10.1016/j.sbspro.2013.08.115
Pawet D, (2017). Optimization of the post logistics network and location of the local distribution center
in selected area of the Lublin province. Procedia Engineering, 192:130-135.
https://doi.org/10.1016/j.proeng.2017.06.023

He Y, Wang X, Lin Y, (2017). Sustainable decision making for joint distribution center location choice.
Transportation Research Part D Transport & Environment, 55:202-216.
https://doi.org/10.1016/j.trd.2017.07.001

Zhu Y, Fan H, (2016). Vital nodes evolution study on railway network of silk road economic belt. Jour-
nal of Data Analysis and Information Processing, 4:115-123. https://doi.org/10.4236/jdaip.2016.43010
Zong, F., Li, Y., Zhang, H., et al. (2022). A model of distribution center location along the "Belt and
Road". Journal of Jilin University: Engineering Edition, 52(11): 8.
https://doi.org/10.13229/j.cnki.jdxbgxb20210343

Pawlowski S D, (2005). The Delphi method as a research tool: an example, design considerations and
applications. Infor- mation & Management, 42(1):15-29. https://doi.org/10.1016/j.im.2003.11.002
Huang, C., Tian, S., Zheng, S., (2022). Spatial measurement and evaluation of land transportation acces-
sibility based on GIS. Journal of Chongging Jiaotong University, 22(04): 23-28.
https://doi.org/10.3969/j.issn.1674-0297.2022.04.004

Peng, Y., Mo, Z., Liu, S.,(2021). Passeng- er’s routes planning in stochastic common-lines’ multi-modal
transportation network through integrating Genetic Algorithm and Monte Carlo simulation. Archives of
Transport, 59(3), 73-92. https://doi.org/10.5604/01.3001.0015.0123



