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Abstract
The rapid development of logistics industry has become an important force to promote the improvement of regional com-
petitiveness, but there has been little research on the evolution process and the distribution characteristics of the cooperation 
between logistics industry and economy from the perspective of qualitative and quantitative. Based on the evaluation index 
system, we analyzed the evolution process and the cooperation characteristics in Southwest China from three perspectives: 
regional evolution process, urban development characteristics and urban co-evolution analysis. The research results show that: 
(1) the synergy degree between the logistics industry and the economy in the whole southwest region experienced a process 
of falling first and then rising from 2011 to 2019, and finally reached the stage of reluctance coordination. (2) The urban 
logistics industry in Southwest China showed a polar-core development phenomenon, while the urban economy presented 
a spatial pattern of urban agglomeration development. (3) There were spatial distribution differences in the evolutionary 
trajectories of urban logistics industry and urban economy. (4) The urban synergy degree was getting better in the evolution 
process and showed regional differences and spatial dependence in spatial distribution. Our findings can help guide urban 
planners in formulating the development plans for logistics industry and economy.
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1  Introduction

Logistics industry has become the fundamental, strate-
gic and leading industry of national economy develop-
ment [1–4], and it is closely related to economic growth. 
There have been many research results on the single aspect 

of logistics industry development or economic improve-
ment. The research on logistics industry mainly started 
with total amount of logistics, regional layout and so on, 
which proposed relevant countermeasures such as integrat-
ing resources and supporting enterprises based on analyz-
ing the current situation of logistics development [5]. With 
the increasingly close relationship between logistics indus-
try and economy, scholars have gradually shifted research 
directions to study the relationship between the development 
level of them.

Previous studies have explored the close relationship 
between logistics industry and economy from the perspec-
tive of correlation. First of all, scholars have found that 
transportation networks and logistics facilities have made 
an impact on economic progress. It was shown by Zhang 
[6] that transportation facilities such as transportation net-
works and trucks were closely related to economic devel-
opment, and the transportation played an important role in 
economic growth. Sainz et al. [7] pointed out the impact 
of Zaragoza logistics platform and transportation facilities 
on regional economic development through data analysis. 
Second, some scholars have studied the relationship between 
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the development of logistics industry and economy through 
mathematical models. The econometric models were used 
to prove that regional economic growth would lead to an 
increase of logistics demand, thereby promoting the devel-
opment of logistics industry [8]. Jie [9] evaluated the logis-
tics industry development in China and the contribution rate 
of various components of logistics industry to economic 
growth through the data-driven model. Gu, and Zhou [10] 
discussed the main economic factors affecting the develop-
ment of logistics in Guangxi from 2001 to 2016 based on 
the gray correlation analysis. By establishing the logistics 
industry agglomeration development model, Sun [11] found 
that there was a nonlinear cooperative symbiosis relation-
ship between the logistics industry agglomeration and the 
regional economic development in China.

In addition, the coupling coordination model has been 
applied to analyze the relationship between logistics industry 
and economy. Hu [12] studied the coupling degree develop-
ment between the logistics industry and the regional econ-
omy in Hunan by establishing a gray correlation coupling 
model. It was found that the coupling degree between the 
logistics industry and the regional economy in the central 
region of Jiangxi was not high, but the synergy degree was 
high [13]. Xie, and Zhang [14] found that the integrative 
development of the logistics and the regional economy in 
Beijing, Tianjin and Fujian showed phased characteristics 
from 2005 to 2019, changing from "imbalance" to "harmo-
nization". To sum up, the academic research on the relation-
ship between logistics industry and economy have produced 
many conclusions and achievements. However, few stud-
ies systematically analyze the synergy evolution process of 
logistics industry and economy and the spatio-temporal dis-
tribution characteristics between them from the perspective 

of qualitative and quantitative, as well as the correlation 
between synergy degree changes and internal factors.

This case studied the development of logistics industry 
and economy and the cooperation between them in South-
west China. Southwest China is an important part of the 
New Western Land-Sea Corridor and a cooperation area of 
China–Singapore Strategic Connectivity Demonstration Pro-
ject. In addition, it is composed of Chongqing municipality 
and the four provinces of Sichuan, Yunnan, Guizhou, and 
Guizhou (Fig. 1). Therefore, the research of this paper has 
certain guiding significance for realizing regional coordi-
nated development.

In this study, we confirmed the method for measuring 
the development level of logistics industry and economy 
by establishing the evaluation index system and the way to 
calculate the urban synergy degree between them through 
the coupling degree model first. Then we analyzed the evo-
lution process and the cooperation characteristics in the 
whole southwest region and its 61 cities from three perspec-
tives: the regional evolution process in the whole southwest 
region, the urban development characteristics of logistics 
industry and economy, and the urban co-evolution analy-
sis between logistics industry and economy. A combination 
of qualitative and quantitative method was used to analyze 
the spatio-temporal distribution characteristics of the urban 
synergy degree between logistics industry and economy in 
urban co-evolution. Finally, we put forward conclusions and 
suggestions for urban development based on the research 
results.

Fig. 1   Study area
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2 � Data Sources and Research Methods

2.1 � Data Sources

To analyze the development level of logistics industry and 
economy and the cooperation changes between them in 
Southwest China, this paper selected panel data from 2011 
to 2019 as the research sample. The panel data was directly 
or indirectly derived from National Statistical Yearbook, 
Urban Statistical Yearbook, City Statistics Bureau, City Post 
Administration, etc.

2.2 � Research Methods

2.2.1 � Development Calculation of Logistics Industry 
and Economy

The evaluation index system should comprehensively reflect 
the development status of the research objects from differ-
ent perspectives and multiple directions [15–18]. We con-
sidered that the logistics industry development was related 
to four aspects of infrastructure, development scale, devel-
opment potential and demand potential, and the economic 

development was related to four aspects of economic aggre-
gate, economic structure, economic development potential 
and economic benefits. Therefore, we constructed the sec-
ondary index system for calculating the development level 
of logistics industry and economy (Table 1). This section 
used the range standardization method to standardize the 
panel data and applied the improved entropy weight method 
to evaluate the weight of 24 indicators. After calculating 
the evaluation value of the first-level index by the entropy 
method and the real value of the second-level index, the 
improved entropy weight method used the evaluation value 
of first-level index and the entropy method to assess the 
development level of logistics industry and economy again 
[19, 22].

2.2.2 � Evolution Analysis on Logistics Industry and Economy

The spatial center of gravity can characterize the overall 
distribution of regional elements, and the migration law of 
element center of gravity represented the overall dynamic 
evolution process [20, 21]. This method was also used by 
Shobugawa et al. [23] to construct a WSD model to study 
the spread of influenza epidemics. This article calculated the 
geometric centers of gravity of each administrative unit in 

Table 1   Evaluation index system of logistics industry and economy

Target layer First-level index Second-level index Unit

Logistics Industry Infrastructure Highway traffic mileage Km
Railway operating mileage Km
Postal service outlets Number
Fixed asset investment in transportation, storage and postal industry 100 million Yuan

Development scale Freight volume 100 million tons
Business volume of post and telecommunications 100 million Yuan
Express business volume 100 million pieces

Development potential Growth rate of freight volume %
Growth rate of total post and telecommunications business %
Growth rate of express business volume %

Demand potential Number of students in colleges and universities 10,000 people
Mobile internet users 10,000 households

Economy Economic aggregate GDP 100 million Yuan
Total retail sales of social consumer goods 100 million Yuan
Total import and export volume US$ 100 million
Total investment in fixed assets 100 million Yuan

Economic structure Added value of primary industry 100 million Yuan
Added value of secondary industry 100 million Yuan
Added value of tertiary industry 100 million Yuan

Development potential GDP growth rate %
Growth rate of fixed asset investment %
Growth rate of total retail sales of social consumer goods %

Economic benefits Per capita GDP Yuan
Per capita disposable income Yuan
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the southwestern region, and the weighted centers of gravity 
of logistics industry development level and economy devel-
opment level. The closer the two centers of gravity were, the 
higher the synergy degree of their spatial distribution [24, 
25]. As formulated below

where X and Y  represent the longitude and latitude of 
the element center of gravity, respectively. Xi and Yi repre-
sent the longitude and latitude of the subdomain center of 
gravity, respectively, and n is the number of subdomains. Wi 
denotes the coefficient value of subdomain feature, and it is 
the development level of urban logistics industry or urban 
economy in this study.

2.2.3 � Cooperation Measurement Between Logistics 
Industry and Economy

By comparing various synergy degree measurement mod-
els, we selected the coupling degree model to calculate the 
synergy degree between logistics industry and economy. 
Coupling degree is mainly to depict the interaction degree 
between logistics industry and economy, which is denoted 
as C . Synergy degree is used to describe the coordination 
degree between logistics industry and economy, describ-
ing the process of harmonious unification between the two 
over time, which is denoted as S(t) . The synergy degree was 
divided into nine level intervals (Table 2). As formulated 
below [19]

where hx(t) and hy(t) refer to the development level of the 
logistics industry and the economy in year t  , respectively, 

(1)X =

∑n

i=1
WiXi

∑n

i=1
Wi

,

(2)Y =

∑n

i=1
WiYi

∑n

i=1
Wi

,

(3)C = 2 ×

√

(

hx(t) × hy(t)
)

/

(

hx(t) + hy(t)
)2
,

(4)S(t) =
√

C × �,

(5)� = �hx(t) + �hy(t),

and � is the contribution degree of logistics industry and 
economy to the growth of synergy degree. � and � are the 
factors to be determined, representing the contribution coef-
ficient of logistics industry and economy, respectively. Here, 
�= 0.4 and �= 0.6.

2.2.4 � Spatial Autocorrelation Test

Spatial autocorrelation test was used here to study the spa-
tial dependence phenomenon of the urban synergy degree 
between the logistics industry and the economy in 61 cities. 
The Moran’s I is valued from − 1 to 1, and if its absolute 
value tends to 1, the correlation will be stronger. When the 
Moran’s I value is bigger than 0, it indicates a positive cor-
relation, otherwise it indicates a negative correlation. The 
formula for calculating the Moran’s I is as follows:

In the formula, n is the number of cities, and sij refers to 
the spatial weight matrix. Si and Sj denote the synergy degree 
between the logistics industry and the economy of city i and 
city j , respectively.

3 � Research Results

3.1 � Regional Evolution Process Analysis 
in Southwest China

This section measured the development level of logistics 
industry and economy and the synergy degree between them 
in the whole southwest region by obtaining panel data from 
2011 to 2019. According to the results (Fig. 2), the synergy 
degree in the whole southwest region went through a process 
of falling first and then rising from 2011 to 2019. Finally, 
it was raised to 0.4480 in 2019, which was at the stage of 
reluctance coordination. It is worth noting that the devel-
opment level of logistics industry and economy also went 
through the process of first declining and then rising, but the 
former changed relatively faster than the latter. Among them, 
the logistics industry development level declined signifi-
cantly from 2011 to 2012, then increased slowly from 2013 

(6)Moran
�
s I =

n
n
∑

i=1

n
∑

j=1

sij

�

Si − S
��

Sj − S
�

n
∑

i=1

n
∑

j=1

sij

n
∑

i=1

�

Si − S
�2

.

Table 2   Synergy degree interval 
division and level

Interval Level Interval Level Interval Level

[0.0,0.1) High disorder [0.3,0.4) Endangered disorder [0.7,0.8) General coordination
[0.1,0.2) Moderate disorder [0.4,0.6) Reluctance coordination [0.8,0.9) Good coordination
[0.2,0.3) Low disorder [0.6,0.7) Primary coordination [0.9,1.0] Wonderful coordination
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to 2017, and eventually achieved a growth of 1.88 times in 
2019. At the same time, the economic development level 
stopped declining in 2013 and grew by 0.55 times in 2019.

These changes are closely related to the proposal and 
implementation of a series of measures. First, 2016–2020 
is the period of China's "13th Five-Year Plan" and a critical 
period for building a moderately prosperous society compre-
hensively. In addition, the development of logistics industry 
and economy of most cities in Southwest China is slightly 
behind the national average development level. In the con-
text, the government proposed policies to support the sus-
tainable development of industry and economy in Southwest 
China. In 2017, the government and market jointly promoted 
the rapid development of e-commerce industry and played 
an important role in strengthening digital economy and help-
ing rural revitalization, which became a new driving force 
for economic growth. Then, China and Singapore formally 
signed an agreement to create the New Western Land-Sea 
Corridor between West China and Singapore in 2018, bring-
ing significant benefits to the infrastructure construction and 

operation of southwest channel [26]. In addition, the Belt 
and Road Initiative stimulated the development potential of 
West China, which resulted in a rapid upward trend in eco-
nomic development and attracted more attention from global 
capital and advanced technology [27].

3.2 � Urban Development Characteristics of Logistics 
Industry and Economy

We examined the urban development level of logistics 
industry and economy in Southwest China in 2015, 2017 
and 2019. As shown in Fig. 3, the urban logistics industry 
presented a phenomenon of polar-core development. As the 
core cities of logistics industry, Chongqing, Chengdu, Kun-
ming, Guiyang, and Nanning had a high development level, 
while the other cities generally fell behind. However, the 
development level of Nanning's logistics industry declined 
in 2019, while Zunyi's improved significantly and exceeded 
Nanning's. Relying on the municipality Chongqing and pro-
vincial capital cities, the urban economy in Southwest China 

Fig. 2   Development level of 
logistics industry and economy 
and the synergy degree in 
Southwest China
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Fig. 3   Spatial distribution of urban logistics industry development level
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presented a spatial model of urban agglomeration develop-
ment in Fig. 4, which was most obvious in 2017. It gradually 
formed four city agglomerations in 2019, such as the urban 
cluster of Chengdu, Deyang, and Mianyang, the urban clus-
ter of Chongqing, Zunyi, and Guiyang, the urban cluster of 
Kunming, Qujing, Yuxi, and Honghe, and the urban cluster 
of Nanning, Chongzuo, and Fangchenggang.

Chongqing as a municipality, and Chengdu, Kunming, 
Guiyang and Nanning as the provincial capitals, have natural 
location advantages, more population and economic aggre-
gate and better traffic conditions. Therefore, these five cities 
concentrate various favorable resources so that their devel-
opment level of logistics industry and economy is excellent 
compared with the surrounding small cities. The average 
total proportion of the logistics industry development level 
in these five cities was as high as 39.8% in Southwest China 
from 2015 to 2019, and the average economic development 
level had a proportion of 39.6%. As time goes by, the devel-
opment of logistics industry and economy in Southwest 
China emerged different distribution types. In 2015, the 
logistics industry and the economy showed a typical shape 
of "Pyramid", which means that cities with better devel-
opment status occupied a minority. In 2017, the logistics 
industry development level was extremely unbalanced, and 
the economic development level showed spillover effects. In 
2019, there were east–west differences of logistics industry 
and economy in spatial layout. It is worth noting that the 
overall development of logistics industry and economy in 
western cities of Southwest China showed an unfavorable 
trend due to the particularity of geographical conditions.

3.3 � Urban Co‑evolution Analysis Between Logistics 
Industry and Economy

3.3.1 � Evolutionary Trajectory of the Space Center of Gravity

The spatial center of gravity of the logistics industry and 
the economy in Southwest China was in the northeast of 

geometric center of gravity, reflecting that there was cer-
tain synergy in spatial distribution between them from 
2015 to 2019 (Fig. 5). Although the evolutionary trajecto-
ries were intersecting, there were still differences in spa-
tial distribution. First, it was different in the evolutionary 
direction. The spatial center of gravity of logistics industry 
shifted slightly to the northwest, but the economic spatial 
center shifted to the southwest. Second, the stability differ-
ence was obvious. The economic spatial center of gravity 
experienced significant position offset as opposed to the 
logistics industry.

The misalignment of the two spatial centers of gravity can 
be attributed to regional differences in the north–south direc-
tion. (1) Compared with Yunnan, Guizhou and Guangxi, 
Sichuan and Chongqing are developing relatively faster and 
more developed in logistics industry. In addition, Chengdu 
is an international comprehensive transportation hub and an 
important national center of economy, science and technol-
ogy, finance, culture and innovation, and external commu-
nication, which can drive the progress of the logistics and 
the economy in Sichuan. As the international gateway hub 
and the international communication center in the central 
and western regions, Chongqing can conduct more trade 
exchanges with domestic and foreign cities. These are the 
reasons why the economic spatial center of gravity started in 
the northeast of Southwest China in 2015. (2) Sichuan and 
Chongqing will attract more logistics enterprises to settle 
in owing to their larger population density, better economic 
development level and better logistics infrastructure condi-
tions. Consequently, the spatial center of gravity of logis-
tics industry shifted slightly to the northwest. (3) With the 
implementation of the rural revitalization strategy and agri-
cultural supply-side reform, Guizhou, Yunnan and Guangxi 
are getting better with the support of the state. The healthily 
economic development through vigorously developing tour-
ism, livestreaming to help farmers and other means in these 
three provinces is an important reason for the southwest shift 
of the economic center of gravity from 2015 to 2019.
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Fig. 4   Spatial distribution of urban economic development level
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3.3.2 � Spatio‑temporal Distribution Characteristics of Urban 
Synergy Degree

The synergy degree between logistics industry and econ-
omy indicates the degree of coordination between the two 
in space. The urban synergy degree in Southwest China was 
showing an increasing trend in the evolution process, and the 
spatial distribution was characterized by a pattern of "low 
in the west, high in the northeast and uneven distribution in 
central and south" in 2015, 2017 and 2018 (Fig. 6).

In the process of evolution, the synergistic relationship 
between urban logistics industry and urban economy was 
getting better. In 2015, the urban synergy degree in Chong-
qing and Chengdu was the best among all cities, which was 
at the stage of endangered disorder. In addition, the urban 
synergy degree in Guangyuan was at the low disorder stage, 

and Kunming, Luzhou, Nanning, Guiyang and other cities 
were at the moderate disorder stage, and 60.56% of cit-
ies were at the stage of high disorder. Then, the synergy 
degree level in Chongqing and other five core cities was 
increasingly prominent in 2017. However, the city with the 
fastest increase in synergy degree was Chuxiong, followed 
by Chengdu, Chongqing. In addition, about 88.52% of cit-
ies achieved significant improvement in the urban synergy 
degree during the two years. For example, the urban syn-
ergy degree levels in Qiandongnan, Chongzuo, Neijiang, 
and Ziyang have risen from high disorder to moderate 
disorder, indicating that the synergic relationship between 
logistics industry and economy was effectively improved. 
According to calculation, Chongqing, Chengdu, Kunming, 
Nanning and Guiyang were the top five cities in terms of 
urban synergy degree in 2019. The urban synergy degree 

Fig. 5   Evolutionary trajectory of the spatial center of gravity of the logistics industry and the economy in Southwest China

  2015  2017  2019(a) (b) (c)

Fig. 6   Spatial distribution of the urban synergy degree in Southwest China
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in Chengdu, Chongqing and surrounding cities has made 
great growth during this period due to the proposal of the 
Chengdu–Chongqing urban agglomeration in 2018. The 
construction of the Chengdu–Chongqing urban agglomera-
tion will promote urban cooperation and resources sharing 
and guide the common progress of logistics industry and 
economy in the surrounding cities. From 2015 to 2019, 
the number of high disorder cities fell by 13.11%, which 
shows that urban infrastructure network construction, 
logistics industry and economy have made great progress 
under the stimulus of China's development plans, such as 
“Long-Term Plan for the Development of Logistics Industry 
(2014–2020)” and “Action Plan for promoting the construc-
tion of Logistics Channels (2016–2020)” [1, 28]. Besides, 
there was a slight downward trend in the synergy degree 
between in a few cities, which may be related to the inhar-
mony between the development of logistics industry and 
economy. The main performance was that one was high but 
the other was low, or one improved obviously and the other 
showed a downward trend (Figs. 2 and 3).

In spatial distribution, the urban current development 
status and location conditions are diverse, so there are dif-
ferent spatial distribution characteristics of urban synergy 
degree in different provinces. Because Chengdu, Kunming, 
Guiyang, and Nanning are the capital cities of Sichuan, 
Yunnan, Guizhou, and Guangxi, respectively, their synergy 
degree was significantly higher than other cities in prov-
inces (Fig. 7). The urban synergy degree in Sichuan was 
roughly represented by a distribution shaped like a tilted "F" 
(Fig. 7a–c). The urban synergy degree in Yunnan was shown 
as the "Core Radiation" distribution (Fig. 7d–f). The urban 
synergy degree in Guizhou was represented as the "Oblique 
Axis" distribution (Fig. 7g–i). The urban synergy degree 
in Guangxi was shown represented by the distribution of 
"Opposite Angles" (Fig. 7j–l).

On the one hand, some cities might emerge tourism 
industry and other pillar industries owing to environmen-
tal resources, resulting in the urban economic development 
obviously was better than the urban logistics industry, and 
it was also an important reason for the mismatched devel-
opment between logistics industry and economy. Besides, 
the economic development level in some cities was slow 
to improve and the logistics infrastructure construction and 
industrial development were hindered by special geographi-
cal conditions, so that the urban synergy degree in these 
cities was at a low level. On the other hand, the core cities 
can attract global capital and advanced technology, which 
were the keys to driving progress of those cities in urban 
agglomeration area [29]. This radiation-driven effect came 
from the spillover effect of logistics industry and economy in 
core cities. We took Liupanshui as an analysis example here 
(Fig. 7g–i). The economic development level of it was lower 
than the local development level of logistics industry and 

the average urban economic development level in Guizhou. 
There are two reasons for this situation: the first is that the 
total economic volume and the economic development 
potential of Liupanshui were at a disadvantage in Guizhou. 
Second, as this city is an important railway hub city and one 
of the logistics distribution centers in Southwest China, the 
development level of the logistics industry was higher than 
the economy. Therefore, the development of the logistics 
industry and the economy was mismatched in this city.

3.3.3 � Spatial Autocorrelation Test

To further explore the intrinsic relationship of the coordina-
tion between logistics industry and economy, this section 
used Arcgis10.6 to conduct a spatial autocorrelation test on 
the development level of urban logistics industry and urban 
economy and the synergy degree between them in South-
west China in 2019. The results show that the urban logistics 
industry and the synergy degree showed spatial self-correla-
tion across the whole region, while the spatial distribution of 
urban economy was not different from the random pattern. 
The logistics industry had the highest z score of 3.1548, 
which was higher than the critical value of 2.58 when the 
significance level of the standard normal distribution was 
0.01. The highest z score of the urban synergy degree was 
1.6935, which was higher than the critical value 1.65 when 
the standard normal distribution was at a significance level 
of 0.10. Figure 8 shows the Moran’ I of the urban logistics 
industry and the synergy degree in 2019. It can be found 
that the z score of the urban synergy degree was smaller 
than that of the logistics industry owing to the influence 
of the economic random pattern distribution. The spatial 
dependence of the urban synergy degree was affected by 
the combined action of logistics industry and economy, and 
mainly came from the location stickiness of core cities. At 
the same time, it was influenced by the logistics industry to 
a greater extent compared with the economy, which is tightly 
linked to the fundamental, strategic and leading nature of 
logistics industry.

4 � Conclusions and Discussion

4.1 � Conclusion

Based on the panel data in Southwest China from 2011 to 
2019, we confirmed the method for measuring the develop-
ment level of logistics industry and economy by establish-
ing the evaluation index system and the means to calcu-
late the urban synergy degree between them through the 
coupling degree model. Then, we analyzed the evolution 
process in the whole southwest region, the urban develop-
ment characteristics of logistics industry and economy, and 
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the cooperation evolution characteristics between logistics 
industry and economy in 61 cities. From this research, we 
draw four conclusions.

First of all, the synergy degree between the logistics 
industry and the economy in the whole southwest region 
experienced a process of falling first and then rising from 
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Fig. 7   Spatial distribution of the urban synergy degree in four provinces in 2015, 2017 and 2019
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2011 to 2019, and was finally at a stage of reluctance coor-
dination. Besides, the development level of logistics industry 
and economy also went through this process, but the pace of 
change was not consistent. Second, the urban logistics indus-
try in Southwest China presented a polar-core development 
phenomenon, while the urban economy revealed a spatial 
type of urban agglomeration development in 2015, 2017 
and 2019. Relying on location advantages, the municipality 
Chongqing and provincial capital cities concentrated various 
favorable resources for the industrial and economic develop-
ment, and formed four urban agglomerations with Chong-
qing, Chengdu, Kunming, and Nanning as the core cities. 
Thirdly, there were spatial distribution differences between 
the evolutionary trajectories of the logistics industry and the 
economy in Southwest China from 2015 to 2019. The spatial 
center of gravity of logistics industry was relatively stable, 
but the economic spatial center of gravity shifted signifi-
cantly to the southwest. Finally, the urban synergy degree 
between logistics industry and economy was getting better 
in the course of evolution. In the spatial distribution of 2015, 
2017 and 2019, it showed a pattern of "low in the west, high 
in the northeast, and uneven distribution in the central and 
southern regions", and there were regional differences and 
spatial dependence. The urban synergy degree in Sichuan 
was roughly represented by the tilted "F" distribution. In 
addition, Yunnan, Guizhou, and Guangxi, respectively, 
showed the "Core Radiation" distribution, the "Oblique 
Axis" distribution, and the "Opposite Angles" distribution. It 
is worth noting that the spatial dependence of urban synergy 
degree was affected by the joint effect of logistics industry 

and economy, which mainly come from the location sticki-
ness of core cities.

Regarding the current situation and problems found in 
this article, we propose three suggestions. (1) Seize the 
development opportunity of policy support. Although the 
output value of logistics industry and economy has increased 
over time, it is still at a relatively backward level in China. 
Southwest China needs to increase the interconnection level 
with other regions and the economic cooperation opportu-
nities with the neighboring countries, so as to promote the 
transformation and upgrading of logistics industry and eco-
nomic growth. (2) Pay attention to transportation develop-
ment. Since most cities in Southwest China are located in 
mountainous region, the development of cities depends to 
a large extent on convenient transportation. Inconvenient 
transportation will increase the economic cost of communi-
cation with other cities. Thus, improving the highway and 
railway network can provide strong support for the inter-city 
logistics enterprise connection and economic exchange, and 
achieve the radiation-driven development of core cities. (3) 
Enhance government differentiated support. For poor and 
backward areas, decision makers should provide policy sup-
port and fund investment, such as formulating policies to 
attract high-quality talents, improving the living and busi-
ness environment, and increasing the population agglomera-
tion level, thereby promoting consumption and the economic 
growth. Therefore, it is necessary to formulate differentiated 
regional development strategies based on the different geo-
graphical conditions, traffic conditions, and public resource 
allocation of various provinces and cities.

Fig. 8   Moran’ I of the urban logistics industry and the urban synergy degree



International Journal of Computational Intelligence Systems            (2022) 15:7 	

1 3

Page 11 of 12      7 

4.2 � Discussion

As a participant in the New Western Land-Sea Corridor, 
Southwest China has an important strategic position in the 
regional development pattern. Therefore, it should seize 
development opportunities to achieve high-quality devel-
opment of regional economy and logistics industry. In the 
context, we conducted this study on the evolution process 
of logistics industry and economy and the spatio-temporal 
distribution characteristics between them, which can provide 
references for the related researches. From 2011 to 2019, the 
development of logistics industry and economy in Southwest 
China has been confirmed in other studies [30, 31]. Research 
on the cooperation characteristics scientifically will also help 
government decision makers to formulate a scientific eco-
nomic development pattern and a logistics industry develop-
ment strategy based on different stages and location advan-
tages, so as to achieve the coordinated progress between 
the two. The decision makers should pay attention to the 
perfection of logistics infrastructure and the efficient use 
of regional resources for cities of which the logistics indus-
try development level is below the average. Furthermore, it 
needs to be realized that high-quality economic development 
cannot be achieved by logistics industry alone. Cities need 
to attach importance to the common development of related 
industries, such as the tertiary industry while developing 
core industries. In the future, this research will take external 
environmental factors into consideration and explore how 
the development in surrounding cities or countries impact 
the cooperation between the logistics industry and the econ-
omy in local area.
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