
 International Journal of

Geo-Information

Article

Global Contraction and Local Strengthening of Firms’ Supply
and Sales Logistics Networks in the Context of COVID-19:
Evidence from the Development Zones in Weifang, China

Yiran Yan and Xingping Wang *

����������
�������

Citation: Yan, Y.; Wang, X. Global

Contraction and Local Strengthening

of Firms’ Supply and Sales Logistics

Networks in the Context of

COVID-19: Evidence from the

Development Zones in Weifang,

China. ISPRS Int. J. Geo-Inf. 2021, 10,

477. https://doi.org/10.3390/

ijgi10070477

Academic Editors: Ed Manley, Eric

Delmelle, Mark Birkin, Mark

Gahegan, Mei-Po Kwan and

Wolfgang Kainz

Received: 23 May 2021

Accepted: 8 July 2021

Published: 11 July 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

School of Architecture, Southeast University, Nanjing 210096, China; yanyiran1127@seu.edu.cn
* Correspondence: wxpsx@seu.edu.cn; Tel.: +86-139-5203-1449

Abstract: The stagnation of multinational and cross-regional goods circulation has created significant
disruptions to manufacturing supply chains due to the outbreak of the COVID-19 pandemic. To
explore the impact of COVID-19 on the circulation of manufacturing industry products at different
geographical scales, we drew upon a case study of development zones in the city of Weifang in
China to analyze the characteristics of firms’ logistics networks in these development zones, and how
these characteristics have changed since the outbreak of the COVID-19 pandemic. The data used in
this study were collected from fieldwork conducted between 26 August 2020 and 15 October 2020,
and included the supply originations of firms’ manufacturing sources and the sales destinations of
their goods. We chose the two-mode network analysis method as our study methodology, which
separates the logistics networks into supply networks and sales networks. The results show the
following: First, the overall structure of firms’ logistics networks in Weifang’s development zones is
characterized by localization. In the context of the COVID-19 pandemic, the local network links have
further strengthened, whereas the global links have seriously declined. Moreover, the average path
length of both the supply and sales logistics networks has slightly decreased, indicating the increased
connectivity of the logistics networks. Second, in terms of the network node centrality, the core nodes
of the supply logistics networks are the development zones and the city in which the firms are located,
whereas the core nodes of the sales logistics networks are the core companies in the development
zones. However, since the outbreak of the COVID-19 pandemic, the centrality of supply originations
and sales destinations at the local scale has increased, whereas the centrality of supply originations
and sales destinations at the global scale has decreased significantly. Third, the influencing factors
of such changes include controlling personnel and goods circulation based on national boundaries
and administrative boundaries, forcing the logistics networks in the development zones to shrink to
the local scale. Moreover, there are differences in the scope of spatial contraction between supply
logistics networks and the sales logistics networks.

Keywords: COVID-19; development zones; supply chains; logistics networks; two-mode net-
work; China

1. Introduction
1.1. Background

With the rapid development of economic globalization, goods circulation across the
world has been gradually strengthened since the 1980s. Meanwhile, with the increasingly
fierce market competition, the profit space of the production and operation of enterprises is
shrinking, forcing enterprises to shift profit space towards logistics, which is often referred
to as the “third-party profit headspring” [1]. The concept of “just-in-time logistics”, which
can reduce inventory and increase the turnover of goods, has gradually emerged and
received attention. However, due to the outbreak of COVID-19, the amount of international
trade barriers continues to increase [2], and the lockdown measures adopted by many
countries have resulted in the stagnation of product manufacturing and logistics [3,4] and
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a dramatic impact on the international circulation of goods [5]. The outbreak of COVID-
19 has caused an increase in logistical costs [6], closure of production facilities [4], and
sensitivity of supply chain logistics to distance [6]. Therefore, research on logistics networks
from a spatial perspective has become increasingly important.

Specifically, the Chinese market has also experienced a significant impact on goods cir-
culation and product supply, characterized by a sharp decline in the throughput of foreign
trade ports and the growth of national freight volume (Appendix A, item 1). By imple-
menting anti-epidemic measures, China has gradually controlled the nationwide spread of
COVID-19, and has taken the lead in manufacturing recovery [7]. In this recovery process,
the overall recovery of the supply chain plays an important role, and the logistics network
is an essential component of manufacturing supply chains [8]. In the context of COVID-19,
the adaptability and changing characteristics in regional manufacturing supply chains
during the global public health crisis have attracted significant attention from policymakers
and scholars, and the experience of China’s local manufacturing supply chain recovery
needs to be studied and summarized. In this paper, we discuss the characteristics of local
manufacturing supply chain changes and policy recommendations from the perspective of
logistics networks, by investigating the development zones in Weifang—a prefecture-level
city in China’s Shandong Province. This study could be of practical significance for the
recovery of local industries in the post-pandemic era for other countries.

1.2. Literature Review

Logistics is essentially driven by the relationship between “space” and “flow” [9], and
is a key element of geographic research as a component of “flow space”. Hanson [10] and
Hoyle [11] were the first to consider the impact of logistics in their treatises on transporta-
tion geography. O’Kelly proposed a spatial system comprising three levels of logistics
networks based on a spatial hub–spoke network organization structure [12]. Research
on production networks and distribution systems has gradually emerged since the 1990s,
mainly including research on logistics and distribution from the perspective of geographi-
cal locations [13,14], the system of model-based optimization of logistics networks [15–17],
and distribution center layout in different logistics models [18]. In recent years, researchers
have increasingly focused on logistics networks based on air, sea, and other modes of
cargo circulation, with studies having been conducted regarding the spatial structure and
vulnerability of transnational shipping networks [19], network centrality [20,21], air cargo
networks, and the main driving forces [22] and structural changes [23] of logistics networks.
Many scholars have also conducted studies on the hierarchical structure and distribution
pattern of Chinese cities [24], as well as the spatial structure of urban networks from the
perspective of railway and air passenger flows [25].

Two paradigms are commonly used to study logistics networks under the influence of
public crises: empirical research, and model simulation. The empirical research is mainly
based on network dimensions such as trade networks and production networks, which are
not exactly equivalent to logistics networks, but involve goods circulation. For example,
Yukiko studied the causes, mechanisms, and effects resulting from the Great East Japan
Earthquake through interfirm transaction networks [26]; Ando and Kimura studied the
changes to transnational production networks in Japan based on the global financial crisis
and Great East Japan Earthquake [27]; Obashi studied the resilience of the production
networks in Asia during a financial crisis [28]; and Fang et al. studied the shipping network
under the influence of international events such as military conflicts, lifting of economic
sanctions, and government elections [29]. The model simulation paradigm mainly focuses
on the design and robustness optimization of logistics networks during earthquakes and
other means of facility disruption [30–33].

Studies investigating factors that impact logistic networks have focused on different
geographical scales and multiple logistics methods. Research on the international scale can
be summarized as concerning economic and political factors. Economic factors include
market demand and prices, production costs, transportation costs, import tariffs/export
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taxes, monetary exchange rates, inflation, interest rates, duty drawbacks, transfer prices,
etc. [34–37]. Political factors include political stability, trade regulations, local content
rules, financial incentives, etc. [37–39]. Furthermore, labor characteristics, infrastructure,
telecommunication technologies, and cultural differences [38,40] are also important. In
terms of cities’ external and internal logistics networks, the internal urban logistics networks
are affected by various factors. Stathopoulos et al. [41] point out that urban freight transport
is influenced by the location of economic activity, the composition of the freight flows,
and the quality of infrastructure. For the external logistics networks of cities, empirical
studies on European cities suggest that a city’s global logistics network connectivity is
favored by agglomeration economies, physical accessibility, non-physical accessibility
(network economies), and innovation activity [42]. Many studies have researched factors
that result in logistics network changes at the international, subregional, and inner-city
scale. However, there is a lack of research considering the different geographical scales and
their impact on logistics networks.

Logistics is an important component dimension of the supply chain [11]. Recent stud-
ies have analyzed how various factors affect the manufacturing supply chain. For instance,
some scholars have studied the functions and performance of the supply chain [43], opti-
mization of the supply chain recovery model [5], and scenario simulations of food supply
chain disruption [3]. The aforementioned studies are generally based on mathematical
modeling and simulation. Some scholars have also studied the characteristics and causes
of supply chain changes in specific countries or regions by empirical research, such as a
study on the sustainability of the clothing supply chain in South Asian countries based
on semi-structured interview data [44], and a study on the impact of food supply chain
disruptions in India based on retail website data [45]. However, relatively few studies have
focused on the logistics dimension of the supply chain, let alone the changes in the logistics
networks caused by the rising logistical costs and transportation disruptions in the context
of the COVID-19 pandemic.

Studies on logistics networks have been mainly conducted at the global or subregional
levels, while insufficient attention has been paid to conducting comprehensive research in-
vestigating logistics networks at different geographical scales. Moreover, logistics network
research using empirical methods has mainly used data from transportation infrastructure
networks, shipping routes, highway freight flows, and enterprise transactions, etc. In con-
trast, few studies have drawn upon firm survey data to analyze firms’ logistics networks
and their changes. It is important to focus on urban production space—such as industrial
zones, development zones, and special economic zones—where many firms gather, to
investigate their logistics networks and the impact of different geographical scales. No-
tably, some Chinese scholars have studied the spatial patterns of supply and sales logistics
networks in typical industrial spaces based on the empirical cases of wholesale markets
in Guangzhou [46] and the Xining Development Zone [47]. However, few studies have
analyzed network changes in the context of global public crises.

1.3. Aims and Questions

Given the current research gap, this study focuses on China’s development zones in
order to analyze the changes in firms’ supply and sales logistics networks in the context of
COVID-19. In terms of the representativeness of the firm sampling survey and diversity of
industry categories, China’s development zones are good choices for a case study. First,
development zones are the most typical industrial space in China, and the most important
spatial carriers for China to participate in the division of international trade and drive local
industrial development (Appendix A, item 2). As Nicholas pointed out, economic and
geographic analysis of the knowledge, capital, and export linkages of economic enclaves—
represented by development zones—shows a strong correlation with cities’ economic
performance [48]. Secondly, since the outbreak of the COVID-19 pandemic, development
zones in China have significantly contributed to the recovery of local manufacturing
supply chain logistics, and experienced the main problems of local industrial supply chain
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logistics. Therefore, development zones have become important windows to investigate
the supply chain problems of China’s manufacturing industry during the global COVID-19
pandemic; analyzing the logistics of firms in China’s development zones would yield a
better understanding of the changes in China’s manufacturing supply chain, and provide
valuable experience of the typical Chinese manufacturing and logistics recovery during
the COVID-19 pandemic.

With the purpose of discovering the characteristics and mechanisms of logistics net-
work changes in China’s development zones at different geographical scales, we aim to
analyze the following three research questions, by dividing a firm’s supply chain logistics
network into the supply logistics network and the sales logistics network [49]: (1) What is
the structure of the firms’ supply and sales logistics networks in development zones in a
typical Chinese city?; (2) What are their changes at different geographical scales due to the
outbreak of COVID-19?; (3) What are the influencing factors of the firms’ logistics network
changes at different geographical scales in the context of COVID-19?

1.4. Research Framework

The paper is organized as follows: In Section 1, based on the literature review of
logistics networks and related research, and over the background of the increasing spatial
sensitivity of product circulation under the influence of COVID-19, we focus on the charac-
teristics of firms’ logistics networks at different geographical scales during the COVID-19
pandemic. We introduce the study area, methodology, analysis steps, and data resources
used in Section 2, based on the research aims and questions raised in Section 1. In Section 3,
we present the research results of firms’ logistics networks in Weifang’s development zones
based on the two-mode network analysis method. In Section 4, we analyze the influencing
factors at different geographical scales. In Section 5, we compare the findings with other
related studies, and put forward policy suggestions; in the final part of this section, we
summarize the research limitations and provide suggestions for future research (Figure 1).
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2. Materials and Methods
2.1. Study Area

Located in the middle of the Shandong Peninsula, and as one of the 16 prefecture-
level cities in Shandong Province (35◦41′~37◦26′ N and 118◦10′~120◦01′ E), Weifang has
4 districts and 2 counties under its jurisdiction, and hosts 6 county-level cities. According
to The China Development Zone Audit Announcement List 2018 issued by the Chinese
government, there are 3 national-level development zones (1 national-level economic and
technological development zone, 1 national-level high-tech industrial development zone,
and 1 comprehensive bonded zone) and 12 provincial development zones in Weifang
(Figure 2). Weifang Comprehensive Bonded Zone is not included in this study because it
is different from other development zones in terms of its logistics network organization
mechanism, due to being based in bonded storage, export processing, and transit trade.
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The reasons for taking Weifang in China’s Shandong Province as a case study are as
follows: First, Weifang is located in the eastern coastal area of China and has an export-
oriented economy, and the impact of COVID-19 on the circulation of international goods
has extended to firms’ supply and sales logistics networks in the local development zones.
Second, there are many development zones at the national and provincial levels in Weifang
(Table 1), which contribute 78.3% of the total output value of industrial companies above
that scale in the city [50]. Therefore, the firms in the development zones that were surveyed
in this study can better represent the major industrial companies in Weifang. Third, Weifang
is a typical prefecture-level city with relatively strong economic performance in China, and
its development zones have attracted a certain number of local and multinational firms.
Compared to the headquarters of multinational corporations gathered in the development
zones of Beijing, Shanghai, Shenzhen, and other megacities, development zones in Weifang
can better reflect the logistics network characteristics of China’s local industrial clusters.

Table 1. Basic information on development zones in Weifang.

Name Level Approval Date Approved Area
(HA) Leading Industries

Weifang Binhai
Economic and
Technological

Development Zone

National level April 2010 500
Petrochemical, salinization,
equipment manufacturing

and logistics

Weifang National
Hi-tech Industrial

Development Zone
National level November 1992 860

Power equipment,
acoustics and optics, life

and health care

Weifang
Comprehensive

Bonded Zone
National level January 2011 517 Electronic information,

machinery, new materials

Weicheng Economic
Development Zone Provincial level October 1993 353.4

Energy saving and
environmental protection,

logistics, equipment
manufacturing

Weifang
Fenghuangshan

Hi-Tech Industrial Park
Provincial level November 1994 799.99

Machinery, equipment,
electronic information,

agricultural and sideline
product processing

Weifang Economic
Development Zone Provincial level May 1994 873.84 New materials, foods,

equipment manufacturing

Weifang Kuiwen
Economic

Development Zone
Provincial level March 2006 481.61

Intelligent manufacturing,
logistics, and automobile

service

Linqu Economic
Development Zone Provincial level March 1993 267.34

Nonferrous metal
processing, equipment
manufacturing, foods

Changle Economic
Development Zone Provincial level December 1992 974.61

Equipment manufacturing,
papermaking, printing and

packaging

Qingzhou Economic
Development Zone Provincial level December 1992 192.48

Equipment manufacturing,
energy conservation and
environmental protection,

biomaterials

Zhucheng Economic
Development Zone Provincial level December 1992 159.29 Machinery, foods, textile

services
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Table 1. Cont.

Name Level Approval Date Approved Area
(HA) Leading Industries

Shouguang Economic
Development Zone Provincial level December 1992 651.25

Marine chemical,
equipment manufacturing,

papermaking

Anqiu Economic
Development Zone Provincial level December 1992 400.78 Foods, machinery

equipment, petrochemical

Gaomi Economic
Development Zone Provincial level December 1992 592.3 Machinery, textile and

clothing, shoemaking

Changyi Economic
Development Zone Provincial level December 1992 69.89 Chemical, machinery,

textile

Data source: Announcement No. 4 (2018) of the China Development Zone Audit Announcement List 2018.

2.2. Methodology
2.2.1. Two-Mode Network

The two-mode network has been widely adopted in studies on the spatial patterns
of logistics networks [16,17], the market structure of inbound traveler sources [51], the
polycentricity of urban agglomerations [52], and the network structure characteristics of
listed companies and directors [53]; due to its well-demonstrated efficacy in these areas,
we chose to use the two-mode network to investigate the logistics networks of firms in
Chinese development zones. The two-mode network focuses on the relationship network
formed by the actors between two sets [54], as opposed to the one-mode network, which
can only analyze relationships within the same set. According to the two-mode network
concept, the companies in development zones become receiver companies when they
buy raw materials from different sources, and become seller companies when selling the
products produced to different destinations; thus, there are both supply logistics networks
and sales logistics networks in the development zones. The surveyed firms in Weifang’s
development zones are integrated with the supply originations and the sales destinations
to form a two-mode network. The supply originations and the sales destinations are
divided into 61 space units, including “within development zones”, “outer development
zones within Weifang”, another 15 prefecture-level cities in Shandong Province other than
Weifang, all provinces (autonomous regions), municipalities directly under the central
government, special administrative regions in China, and overseas countries and regions
(Appendix A, item 3). Accordingly, in our study, we established a sales logistics network
composed of a collection of seller companies and a collection of sales destinations, and a
supply logistics network composed of a collection of receiver companies and a collection
of supply originations (Figure 2).

2.2.2. Network Centrality Analysis

Centrality is one of the focuses of network analysis, which generally includes degree,
closeness, and betweenness centrality; centrality is used to quantify the power of actors in
the network [55], as a common method of researching logistics networks [19,20].

• Degree Centrality

The total number of events is divided by the number of events of a point in order
to obtain the relative degree centrality of the point in a two-mode network. From the
perspective of the supply logistics network, for the supply originations, the degree centrality
is equal to the total number of receiver companies divided by the number of receiver
companies of the point; for the receiver companies, it is equal to the total number of
supply originations divided by the number of supply originations of the point. The degree
centrality of the sales destinations and the seller companies in the sales logistics network
can be calculated in the same way. The larger the degree centrality at a node in the network,
the more points associated with it, and the more important position it holds in the network.
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• Closeness Centrality

Closeness centrality [56] represents the degree of approach from network members to
other members. For any given point in a two-mode network, the sum of the distances is
equal to the sum of the distances from the point to other points, plus the distances from the
point to all events. From the perspective of the supply logistics network, for the receiver
companies, closeness centrality is a function of the shortest network distance from their
supply originations to other supply originations and receiver companies; similarly, from
the perspective of the sales logistics network, for the seller companies, closeness centrality
is a function of the shortest network distance from their sales destinations to other sales
destinations and seller companies (Equation (1)):

Cc(ni) =

1 +
∑

g+h
i=1 min

k
d(k, j)

g + h− 1


−1

(1)

where Cc(ni) represents the closeness centrality of the receiver or seller company ni, in
which Cc represents closeness centrality; g represents the number of receiver or seller com-
panies; h represents the number of supply originations or sales destinations; k represents a
supply source or sales destination adjacent to the receiver or seller company ni; j represents
some other receiver or seller company, or some other supply source or sales destination;
and min

k
d(k, j) represents the shortest network distance between k and j, in which min

k
d

represents a function for finding the minimum distance from k and j.
From the perspective of the supply logistics network, for the supply originations,

closeness centrality is a function of the shortest network distance from their own receiver
companies to other supply originations and receiver companies; similarly, from the per-
spective of the sales logistics network, for the sales destinations, closeness centrality is a
function of the shortest network distance from their supplier companies to other supplier
companies and sales destinations (Equation (2)):

Cc(mk) =

1 +
∑

g+h
j=1 min

i
d(i, j)

g + h− 1


−1

(2)

where Cc(mk) represents the closeness centrality of the supply source or sales destination
mk, in which Cc represents closeness centrality; g represents the number of supply origi-
nations or sales destinations; h represents the number of receiver or supplier companies;
i represents a receiver or supplier company adjacent to the supply origination or sales
destination mk; j represents some other supply source or sales destination, or some other
receiver or supplier company; and min

i
d(i, j) represents the shortest network distance

between i and j, in which min
i

d represents a function for finding the minimum distance

from i and j.
Generally speaking, a smaller closeness centrality of a network member indicates

better accessibility, and it is easier to establish relationships with other members and be in
the center of the overall network.

• Betweenness Centrality

Betweenness centrality [56] shows the relationship between two non-adjacent nodes
in the network, and their degree of dependence on other nodes in the network. In the
one-mode network, betweenness centrality focuses on the extent to which an actor lies
in the middle of the network. In the two-mode network, the communication between
each pair of actors should be performed by the participation of actors in various events;
similarly, the communication between each pair of events should be performed by actors.
In the two-mode network, all actors involved in the event should be considered, in order
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to calculate the betweenness centrality of an event mk. If only one event mk (i.e., XN
ij = 1)

is shared for a given pair of actors (ni,nj), the betweenness centrality of mk should be
increased by one unit. If XN

ij is shared for a given pair of actors (ni,nj), the betweenness

centrality of mk should be increased by 1
XN

ij
unit(s) for any pair of actors (ni,nj); therefore,

the betweenness centrality ratio of an event mk can be expressed as the number of shared
qualifications per pair of its members (Equation (3)):

Cb(ni) =
1
2 ∑ ni, nj ∈ mk

1
XN

ij
(3)

In the supply logistics network in this study, for a receiver company, only when any
pair of supply originations both offer supplies to the receiver company can the receiver
company obtain the betweenness centrality. If one supply source offers supplies to only
one receiver company, the receiver company will receive g + h + 2 betweenness “point(s)”.
Similarly, in the sales logistics network, for a supplier company, only when any pair of
sales destinations both accept the supplier company can the supplier company obtain the
betweenness centrality. If one sales destination accepts only one supplier company, the
supplier company will receive g + h + 2 betweenness “point(s)”.

Similarly, for the supply originations or sales destinations, if a single supply source
or sales destination is the only cooperation area of a receiver or supplier company, the
supply source or sales destination will receive g + h + 2 betweenness “point(s)”; for all
recipient receiver or supplier companies contacted by a supply source or sales destination,
the supply source or sales destination will receive 1

XM
kl

betweenness centrality(ies). ml

represents another supply source or sales destination of the receiver or supplier companies
shared with mk, and XM

kl represents the number of receiver or supplier companies shared
by mk with ml .

The centrality of the two-mode network can be measured by the network→ centrality
→ two-mode centrality module in UCINET 6.

2.2.3. Analysis Steps

The analysis steps were performed as follows: The first step was data collection; the
firms’ data were collected by fieldwork in Weifang’s development zones, including informa-
tion on the supply originations and sales destinations of respondents before and after the
outbreak of the COVID-19 pandemic. In the second step, the two-mode network approach
was introduced to analyze the firms’ logistics networks. Using the two-mode network
approach, we deconstructed the firms’ logistics networks into supply logistics networks
and sales logistics networks. In the third step, we built four rectangular data matrices based
on the fieldwork data of the firms and the two-mode network approach—supply logistics
networks before the outbreak, supply logistics networks after the outbreak, sales logistics
networks before the outbreak, and sales logistics networks after the outbreak. In the fourth
step, we imported the data matrices into UCINET for the network centrality analysis, and
into Gephi to visualize the topological structure of the firms’ logistics networks.

2.3. Data Resources

This study is based on both the field visits and the questionnaire that was distributed
to firms in the 14 Weifang development zones from 26 August 2020 to 15 October 2020.
During the field visits and questionnaire surveys, we explained to the firms the specific
time periods of “before the pandemic outbreak” and “after the pandemic outbreak”, in
which “before the pandemic outbreak” refers to 2019—the firms were required to fill in
the relatively stable supply originations and sales destinations in that year—and “after
the pandemic outbreak” refers to the times at which the field visits and questionnaire
distribution were conducted (Appendix A, item 4). A total of 123 valid questionnaires were
collected, including 12 from the Weifang Binhai Economic and Technological Development
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Zone, 11 from the Weifang Hi-Tech Industrial Development Zone, 5 from the Weicheng
Economic Development Zone, 14 from the Weifang Economic Development Zone, 1 from
the Changle Economic Development Zone, 46 from the Zhucheng Economic Development
Zone, 14 from the Gaomi Economic Development Zone, and 20 from the Changyi Economic
Development Zone. There were 8 and 17 firms reflecting the changes in supplier sources
and main product sales destinations, respectively, as a result of the outbreak of COVID-19.
The firms of the valid questionnaires included multiple industry categories (Figure 3).
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Figure 3. Composition of firms’ industry categories in the valid questionnaires.

3. Results
3.1. Structure of Firms’ Logistics Networks before the Outbreak of the Pandemic
3.1.1. Supply Logistics Networks

The firms’ supply logistics networks in Weifang’s development zones are localized.
The supply source nodes of “within development zones” and “outer development zones
within Weifang” in the firms’ supply logistics networks have the highest degree centrality
and betweenness centrality, indicating that the two nodes have the highest connectivity and
most central position within the networks. At the provincial level of Shandong, Jinan and
Qingdao are the two city units with the highest network node centrality; Jinan and Qingdao
are also the capital city of Shandong and the city with the largest economic aggregate,
respectively. At the national level, Jiangsu, Zhejiang, Hebei, and Guangdong are the four
provinces with the highest degree centrality in the firms’ supply logistics networks. From
the perspective of overseas supply source nodes in the firms’ supply logistics networks,
Japan, South Korea, North America, and India are the main sources of overseas supply
for Weifang’s development zones; Southeast Asia, Europe, and South America are also
supply originations of Weifang development zones, but these three regions only have
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supply logistics links with some individual firms, and they are at the edge of the networks,
with the node’s betweenness centrality of 0 (Figure 4).
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Figure 4. Firms’ supply logistics networks in Weifang’s development zones before the outbreak of the
pandemic. Note: The blue and red dots represent the supply originations and the enterprises in the
development zones, respectively; the lines represent the connection between the supply originations
and the enterprises in the development zones. A larger dot indicates that the node has a higher
degree centrality in the networks.

3.1.2. Sales Logistics Networks

The firms’ sales logistics networks in the development zones use the key firms as the
core, and the major sales destinations lie in the middle circle of the networks. The firms at
the edge of the networks are further driven by the sales destinations in the middle circle,
and a circle layer nesting characterizes the network structure as a whole. The node of
“outer development zones within Weifang” is the top sales destination of the firms. The
“outer development zones within Weifang” node is the sales destination node with the
highest degree centrality in the networks, and its degree centrality reaches 0.342. The firms’
sales logistics networks also have the typical characteristic of localization. For the firms’
sales destinations in the province, Qingdao and Jinan are the top two in terms of degree
centrality and betweenness centrality among sales destination nodes other than Weifang.
Zhejiang, Guangdong, Jiangsu, and Henan are the top four provinces as out-of-province
sales destinations regarding degree centrality in the firms’ sales logistics networks. Among
the overseas sales destinations of the firms, Europe, Japan, and North America have the
highest node connectivity; Mongolia is at the very edge of the sales networks, and its
betweenness centrality is 0 (Figure 5).
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Figure 5. Firms’ sales logistics networks in Weifang’s development zones before the outbreak of the
pandemic. Note: The blue and red dots represent the sales destinations and the enterprises in the
development zones, respectively; the lines represent the connection between the sales destinations
and the enterprises in the development zones. A larger dot indicates that the node has a higher
degree centrality in the network.

3.2. Changes to Firms’ Logistics Networks after the Outbreak of the Pandemic
3.2.1. Changes to Supply Logistics Networks

The firms’ supply logistics network structure in Weifang’s development zones has
changed partially after the pandemic outbreak. Specifically, the core circle of the networks
has gradually changed from the overall structure of “double centers” of “within devel-
opment zones” and “outer development zones in Weifang” before the outbreak of the
pandemic, to a structure with “double centers + strong cities in the province (Jinan, Qing-
dao) + neighboring major economic provinces (Jiangsu)” as the composite center (Figure 6).
From the perspective of node centrality, the node degree centrality and intermediary cen-
trality of “within development zones” and “outer development zones within Weifang”
have increased slightly, with an improvement in the network connectivity and centrality of
localized supply source nodes (Table 2). The node degree centrality of the supply origina-
tions at two spatial levels of “outer Weifang in Shandong” and “outer Shandong in China”
has also slightly increased by 1.65% and 1.64%, respectively; the node degree centrality
and betweenness centrality of Qingdao and Jinan in Shandong have also increased. The
source of overseas supply has experienced the most dramatic change in node centrality.
The sum of degree centrality of all overseas supply originations has decreased significantly
(−20.51%). There is also a decrease in the degree centrality of Japan, South Korea, and
North America (Table 3, Figure 7).
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Table 2. Changes in the centrality of supply originations in Weifang’s development zones during the pandemic.

Geographical
Scale

Supply
Source

Before Pandemic Outbreak After Pandemic Outbreak

Degree Closeness Betweenness Degree Closeness Betweenness

Within development zones 0.292 0.62 0.239 0.3 0.611 0.25

Outer development zones in
Weifang 0.442 0.696 0.356 0.458 0.692 0.372

Outer
Weifang in
Shandong

Jinan 0.1 0.521 0.065 0.108 0.516 0.07

Qingdao 0.117 0.559 0.07 0.125 0.557 0.072

Yantai 0.05 0.503 0.03 0.05 0.497 0.03

Rizhao 0.042 0.507 0.005 0.042 0.503 0.006

Linyi 0.025 0.489 0.004 0.025 0.485 0.004

Dongying 0.017 0.336 0.01 0.017 0.332 0.01

Binzhou 0.017 0.385 0.001 0.017 0.379 0.001

Dezhou 0.017 0.355 0 0.017 0.349 0
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Table 2. Cont.

Geographical
Scale

Supply
Source

Before Pandemic Outbreak After Pandemic Outbreak

Degree Closeness Betweenness Degree Closeness Betweenness

Outer
Weifang in
Shandong

Liaocheng 0.008 0.369 0 0 0 0

Heze 0.008 0.292 0 0.008 0.287 0

Jining 0.025 0.382 0.001 0.025 0.378 0.001

Tai’an 0.008 0.382 0 0.008 0.377 0

Zibo 0.042 0.491 0.013 0.042 0.487 0.014

Outer
Shandong in

China

Beijing 0.008 0.459 0 0.008 0.452 0

Tianjin 0.017 0.422 0.002 0.017 0.416 0.002

Shanghai 0.017 0.495 0.005 0.017 0.487 0.004

Hebei 0.075 0.525 0.036 0.067 0.518 0.027

Liaoning 0.008 0.483 0 0.017 0.481 0.003

Jilin 0.008 0.483 0 0.017 0.481 0.003

Heilongjiang 0.008 0.483 0 0.017 0.481 0.003

Jiangsu 0.167 0.567 0.113 0.167 0.562 0.114

Zhejiang 0.075 0.557 0.048 0.075 0.547 0.047

Anhui 0.017 0.357 0.01 0.017 0.351 0.01

Fujian 0.025 0.412 0.002 0.025 0.407 0.002

Jiangxi 0.008 0.356 0 0.008 0.35 0

Henan 0.05 0.507 0.015 0.05 0.503 0.015

Hubei 0.017 0.485 0.002 0.017 0.481 0.002

Hunan 0.017 0.501 0.004 0.017 0.497 0.005

Guangdong 0.058 0.475 0.016 0.058 0.483 0.017

Hainan 0.008 0.356 0 0.008 0.35 0

Inner
Mongolia 0.017 0.485 0.01 0.017 0.481 0.01

Xinjiang 0.008 0.33 0 0.008 0.327 0

Global

Southeast
Asia 0.017 0.485 0 0.017 0.378 0.01

Japan 0.033 0.472 0.022 0.025 0.462 0.013

South Korea 0.025 0.359 0.002 0.017 0.351 0.001

Europe 0.008 0.33 0 0.008 0.327 0

North
America 0.025 0.464 0.029 0.017 0.455 0.019

South
America 0.008 0.328 0 0.008 0.326 0

India 0.025 0.445 0.01 0.025 0.44 0.01

Note: These data were acquired by calculation with UCINET software.
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Table 3. Changes in node degree centrality of firms’ supply originations at different geographical scales.

Before Pandemic
Outbreak

After Pandemic
Outbreak Range of Change (%)

Within Weifang (Local) 0.734 0.758 3.17

Outer Weifang in Shandong 0.476 0.484 1.65

Outer Shandong in China 0.6 0.61 1.64

Global 0.141 0.117 −20.51
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Figure 7. Spatial distribution of, and changes in, the degree centrality of supply source nodes in firms’ supply logistics networks.

3.2.2. Changes to Sales Logistics Networks

The most significant change in the overall structure of the firms’ sales logistics net-
works is the shrinking of overseas sales destinations after the outbreak of COVID-19; for
example, the degree centrality and betweenness centrality of sales destination nodes in
Japan, South Korea, Europe, North America, and India decreased significantly, and the
sum of degree centrality of all overseas sales destinations decreased by 23.48% compared
to before the outbreak of the pandemic (Figure 8, Table 4). Furthermore, the sum of de-
gree centrality of local sales destination nodes—such as “within development zones” and
“outer development zones in Weifang”—increased slightly (4.65%). By contrast, those of
sales destination nodes within Shandong (outer Weifang) and in China (outer Shandong)
decreased slightly (−2.00%) and basically remained the same (0.02%), respectively (Table 5,
Figure 9).
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Figure 8. Firms’ sales logistics networks in Weifang’s development zones after the outbreak of the
pandemic. Note: The blue and red dots represent the sales destinations and the enterprises in the
development zones, respectively; the lines represent the connection between the sales destinations
and the enterprises in the development zones. A larger dot indicates that the node has a higher
degree centrality in the network.

Table 4. Changes in the centrality of sales destinations of Weifang’s development zones during the pandemic.

Geographical
Scale

Sales
Destination

Before Pandemic Outbreak After Pandemic Outbreak

Degree Closeness Betweenness Degree Closeness Betweenness

Within development zones 0.171 0.394 0.14 0.179 0.53 0.126

Outer development zones in
Weifang 0.342 0.605 0.234 0.359 0.603 0.219

Outer
Weifang in
Shandong

Jinan 0.197 0.522 0.028 0.197 0.552 0.034

Qingdao 0.291 0.584 0.112 0.274 0.574 0.071

Yantai 0.179 0.515 0.011 0.179 0.545 0.012

Weihai 0.154 0.509 0.004 0.154 0.537 0.004

Rizhao 0.162 0.511 0.007 0.154 0.537 0.005

Linyi 0.162 0.511 0.006 0.145 0.535 0.002

Dongying 0.162 0.511 0.016 0.162 0.54 0.017

Binzhou 0.145 0.506 0.002 0.145 0.535 0.002
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Table 4. Cont.

Geographical
Scale

Sales
Destination

Before Pandemic Outbreak After Pandemic Outbreak

Degree Closeness Betweenness Degree Closeness Betweenness

Outer
Weifang in
Shandong

Dezhou 0.162 0.511 0.007 0.154 0.537 0.006

Liaocheng 0.145 0.506 0.002 0.145 0.535 0.002

Heze 0.162 0.511 0.008 0.162 0.54 0.008

Jining 0.162 0.511 0.008 0.162 0.54 0.009

Tai’an 0.145 0.506 0.002 0.145 0.535 0.002

Zaozhuang 0.145 0.506 0.002 0.145 0.535 0.002

Zibo 0.171 0.517 0.015 0.171 0.547 0.015

Outer
Shandong in

China

Beijing 0.145 0.509 0.006 0.145 0.537 0.006

Tianjin 0.137 0.506 0.001 0.137 0.535 0.001

Shanghai 0.162 0.52 0.01 0.154 0.55 0.01

Chongqing 0.137 0.506 0.001 0.137 0.535 0.001

Hebei 0.154 0.544 0.016 0.154 0.54 0.008

Shanxi 0.154 0.513 0.008 0.154 0.542 0.008

Liaoning 0.154 0.511 0.01 0.162 0.542 0.012

Jilin 0.137 0.506 0.001 0.145 0.537 0.003

Heilongjiang 0.145 0.509 0.001 0.154 0.540 0.004

Jiangsu 0.205 0.567 0.054 0.197 0.568 0.035

Zhejiang 0.222 0.536 0.053 0.222 0.577 0.061

Anhui 0.154 0.517 0.004 0.154 0.555 0.007

Fujian 0.171 0.522 0.014 0.171 0.56 0.019

Jiangxi 0.179 0.524 0.01 0.171 0.56 0.011

Henan 0.197 0.524 0.03 0.188 0.552 0.029

Hubei 0.154 0.517 0.011 0.162 0.547 0.017

Hunan 0.154 0.517 0.004 0.162 0.558 0.012

Guangdong 0.214 0.57 0.054 0.222 0.577 0.058

Hainan 0.154 0.517 0.004 0.154 0.555 0.007

Sichuan 0.154 0.511 0.006 0.145 0.537 0.005

Guizhou 0.137 0.506 0.001 0.137 0.535 0.001

Yunnan 0.137 0.506 0.001 0.137 0.535 0.001

Shaanxi 0.145 0.509 0.006 0.145 0.537 0.007

Gansu 0.137 0.506 0.001 0.137 0.535 0.001

Qinghai 0.137 0.506 0.001 0.137 0.535 0.001

Inner
Mongolia 0.137 0.506 0.001 0.137 0.535 0.001

Guangxi 0.145 0.541 0.012 0.145 0.537 0.004

Tibet 0.12 0.502 0.001 0.12 0.53 0.001

Ningxia 0.137 0.506 0.001 0.137 0.535 0.001

Xinjiang 0.103 0.494 0.001 0.103 0.519 0.001



ISPRS Int. J. Geo-Inf. 2021, 10, 477 18 of 27

Table 4. Cont.

Geographical
Scale

Sales
Destination

Before Pandemic Outbreak After Pandemic Outbreak

Degree Closeness Betweenness Degree Closeness Betweenness

Global

Southeast
Asia 0.077 0.490 0.028 0.077 0.499 0.03

Japan 0.111 0.502 0.063 0.094 0.530 0.057

South Korea 0.034 0.478 0.005 0.026 0.499 0.005

Europe 0.171 0.524 0.092 0.145 0.555 0.095

Middle East 0.017 0.348 0.002 0.017 0.35 0.002

North
America 0.103 0.504 0.049 0.068 0.377 0.035

South
America 0.043 0.444 0.013 0.043 0.443 0.023

India 0.043 0.362 0.022 0.034 0.36 0.012

Oceania 0.026 0.468 0.001 0.009 0.487 0

Africa 0.026 0.445 0.001 0.026 0.455 0.002

Mongolia 0.009 0.305 0 0.009 0.318 0

Note: These data were acquired by calculation with UCINET software.

Table 5. Changes in node degree centrality of firms’ sales destinations at different geographical scales.

Before Pandemic
Outbreak

After Pandemic
Outbreak Range of Change (%)

Within Weifang (Local) 0.513 0.538 4.65

Outer Weifang in Shandong 2.544 2.494 −2.00

Outer Shandong in China 4.376 4.377 0.02

Global 0.589 0.477 −23.48

ISPRS Int. J. Geo-Inf. 2021, 10, x FOR PEER REVIEW 18 of 27 
 

 

Table 5. Changes in node degree centrality of firms’ sales destinations at different geographical scales. 

 Before Pandemic Outbreak After Pandemic Outbreak Range of Change (%) 

Within Weifang (Local) 0.513 0.538 4.65 

Outer Weifang in Shandong 2.544 2.494 -2.00 

Outer Shandong in China 4.376 4.377 0.02 

Global 0.589 0.477 -23.48 

 

 

(a) Before pandemic outbreak  (b) After pandemic outbreak    (c)Range of change 

 

                 (d) Before pandemic outbreak      (e) After pandemic outbreak 

Shandong provincial scale 

Figure 9. Spatial distribution of, and changes in, the degree centrality of sales destination nodes in firms’ sales logistics 

networks. 

3.2.3. Changes in Firms’ Logistics Linkage Frequencies at Different Geographical Scales 

We calculated the linkage frequencies of the firms’ supply and sales logistics at five 

different geographical scales, before and after the outbreak of the pandemic. We found 

that the geographical distribution of the linkage frequencies of the firms’ supply logistics 

differs from that of their sales logistics, and the firms’ supply logistics are more localized, 

whereas the firms’ sales logistics have higher linkage frequencies at the scales of “outer 

Weifang in Shandong” and “outer Shandong in China”. The results also show that the 

local links of the firms’ logistics were strengthened (the firms’ supply and sales logistics 

linkage frequencies within the development zones increased by 3.51% and 6.64%, 

respectively), and the supply and sales logistics linkage frequencies within Weifang 

increased by 3.46% and 6.64%, respectively, after the outbreak. By contrast, the contraction 

of the firms’ supply and sales logistics overseas linkage frequencies are obvious (the 

linkage frequencies of the firms’ supply logistics and sales logistics decreased by 19.36% 

and 15.58%, respectively), whereas the linkage frequencies within Shandong province and 

China remained stable during the outbreak (Table 6). 

Table 6. The range of change of firms’ logistics network linkage frequencies at different geographical scales during the 

pandemic. 

Figure 9. Spatial distribution of, and changes in, the degree centrality of sales destination nodes in firms’ sales logistics networks.



ISPRS Int. J. Geo-Inf. 2021, 10, 477 19 of 27

3.2.3. Changes in Firms’ Logistics Linkage Frequencies at Different Geographical Scales

We calculated the linkage frequencies of the firms’ supply and sales logistics at five
different geographical scales, before and after the outbreak of the pandemic. We found
that the geographical distribution of the linkage frequencies of the firms’ supply logistics
differs from that of their sales logistics, and the firms’ supply logistics are more localized,
whereas the firms’ sales logistics have higher linkage frequencies at the scales of “outer
Weifang in Shandong” and “outer Shandong in China”. The results also show that the local
links of the firms’ logistics were strengthened (the firms’ supply and sales logistics linkage
frequencies within the development zones increased by 3.51% and 6.64%, respectively),
and the supply and sales logistics linkage frequencies within Weifang increased by 3.46%
and 6.64%, respectively, after the outbreak. By contrast, the contraction of the firms’ supply
and sales logistics overseas linkage frequencies are obvious (the linkage frequencies of the
firms’ supply logistics and sales logistics decreased by 19.36% and 15.58%, respectively),
whereas the linkage frequencies within Shandong province and China remained stable
during the outbreak (Table 6).

Table 6. The range of change of firms’ logistics network linkage frequencies at different geographical scales during
the pandemic.

Within
Development Zones

Outer
Development

Zones in Weifang

Outer Weifang
in Shandong

Outer Shandong
in China Global

Range of
change (%)

Supply 3.51 3.46 −0.37 0.60 −19.36

Sales 6.64 6.64 −0.48 1.75 −15.58

In addition to the calculation of the change range, we further tested the statistical
significance of changes by paired sample t-test using SPSS 15.0 software. First, the geo-
graphical scales of “within development zones” and “outer development zones in Weifang”
were combined to represent the local scale. Second, taking every development zone in
Weifang as the basic unit in testing, we summed the logistics linkages of firms in every
development zone at four geographical scales. Third, we obtained the data of logistics
network linkage frequencies of the firms in every development zone at four geographical
scales, before and after the outbreak of the pandemic. According to the t-test result, the
changes at the local and global scales are statistically significant at the 10% and 5% signifi-
cance levels, respectively, whereas the changes at “outer Weifang in Shandong” and “outer
Shandong in China” are statistically insignificant (Table 7).

Table 7. Sig. (2-tailed) of paired sample t-test of firms’ logistics linkages at different geographical
scales during the pandemic.

Local Outer Weifang in
Shandong

Outer Shandong in
China Global

Sig. (2-tailed)
Supply 0.047 0.604 0.604 0.094

Sales 0.094 0.356 0.95 0.073

4. Analysis of Influencing Factors

Decisions in international logistics networks have three levels, according to the time
horizon of planning—strategic, tactical, and operational—where strategic is the highest
level, and operational is the lowest; the lower-level decisions are limited by the higher
levels [34,37]. Among them, the strategic level mainly includes the layout of logistics
facilities, and the tactical level concerns the material flow management, whereas the
operational level mainly focuses on in-time delivery.

The COVID-19 pandemic has been a sudden and serious public health event. Less
than a year had passed from the outbreak of the pandemic to the time of our field visit and
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questionnaire distribution. The logistics networks at different geographical levels have not
yet reacted to the pandemic at the strategic level. Instead, logistics networks have mainly
adapted in terms of the transformation of the tactical and operational levels made by the
firms in response to the changes in the logistical environment during the pandemic. In
our study, we analyzed the tactical and operational levels, specifically investigating the
influencing factors of firms’ logistics networks from the international scale to the local scale,
and conducted supplementary analysis from the standpoint of firms in the development
zones (Figure 10).

ISPRS Int. J. Geo-Inf. 2021, 10, x FOR PEER REVIEW 20 of 27 
 

 

 

Figure 10. Changes to, and influencing factors of, firms’ logistics networks in the development zones after the outbreak of 

the pandemic. 

4.1. Overseas and Domestic Influencing Factors 

In terms of the overseas influencing factors of firms’ logistics networks in 

development zones, many countries placed tighter customs clearance restrictions on 

Chinese exports and personnel exchanges during the outbreak of COVID-19 in China, 

forcing the firms in China’s development zones to adjust their overseas sales destinations 

to domestic ones. Despite the primary control of the pandemic in China, there was still a 

massive outbreak overseas, resulting in overseas suppliers of the firms in China’s 

development zones not carrying out full load production because of lockdown measures 

taken in response to the pandemic. The shrinking overseas demand also led to the 

continual cancellation of their export orders (Appendix A, item 5), accompanied by a 

sharp decline in the throughput of China’s foreign trade ports (Appendix A, item 6), 

delayed receipt of goods by the firms in China’s development zones, and blocked exports. 

Firms in China’s development zones reacted by looking for domestic suppliers as 

substitutes during the outbreak period, at home or abroad, while also turning their sales 

targets towards domestic firms. 

In terms of the domestic influencing factors of the firms’ logistics networks in China’s 

development zones, China has been faced with the problems of insufficient logistics 

transportation capacity, interruption of the logistics network [10], rising logistics 

transportation costs [30] (Appendix A, item 7), and the firms in the development zones 

hoping to find closer suppliers (Appendix A, item 8). As provinces (including 

autonomous regions and municipalities directly under the oversight of the central 

government) are the basic units for administrative management in China, provinces serve 

as the basic units for implementing first-level response (FLR) policies for major public 

health emergencies. In total, 31 Chinese mainland provinces have launched FLR policies 

since the closure of Wuhan. Interprovincial mobility of the population in China was 

strictly restricted, thus affecting the interprovincial logistics networks due to the 

limitation of face-to-face business negotiation in supply chain commodity procurement. 

Therefore, the province has become an important unit for the construction of the firms’ 

local supply logistics networks. For the sales logistics networks of the firms in the 

development zones, the companies have to turn their sales targets to the domestic market, 

Figure 10. Changes to, and influencing factors of, firms’ logistics networks in the development zones after the outbreak of
the pandemic.

4.1. Overseas and Domestic Influencing Factors

In terms of the overseas influencing factors of firms’ logistics networks in development
zones, many countries placed tighter customs clearance restrictions on Chinese exports
and personnel exchanges during the outbreak of COVID-19 in China, forcing the firms in
China’s development zones to adjust their overseas sales destinations to domestic ones.
Despite the primary control of the pandemic in China, there was still a massive outbreak
overseas, resulting in overseas suppliers of the firms in China’s development zones not
carrying out full load production because of lockdown measures taken in response to the
pandemic. The shrinking overseas demand also led to the continual cancellation of their
export orders (Appendix A, item 5), accompanied by a sharp decline in the throughput of
China’s foreign trade ports (Appendix A, item 6), delayed receipt of goods by the firms in
China’s development zones, and blocked exports. Firms in China’s development zones
reacted by looking for domestic suppliers as substitutes during the outbreak period, at
home or abroad, while also turning their sales targets towards domestic firms.

In terms of the domestic influencing factors of the firms’ logistics networks in China’s
development zones, China has been faced with the problems of insufficient logistics trans-
portation capacity, interruption of the logistics network [10], rising logistics transportation
costs [30] (Appendix A, item 7), and the firms in the development zones hoping to find
closer suppliers (Appendix A, item 8). As provinces (including autonomous regions and
municipalities directly under the oversight of the central government) are the basic units
for administrative management in China, provinces serve as the basic units for imple-
menting first-level response (FLR) policies for major public health emergencies. In total,
31 Chinese mainland provinces have launched FLR policies since the closure of Wuhan.
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Interprovincial mobility of the population in China was strictly restricted, thus affecting the
interprovincial logistics networks due to the limitation of face-to-face business negotiation
in supply chain commodity procurement. Therefore, the province has become an important
unit for the construction of the firms’ local supply logistics networks. For the sales logistics
networks of the firms in the development zones, the companies have to turn their sales
targets to the domestic market, and hope to make up for the loss of earnings at the export
end through the expansion of the domestic sales logistics network when their export is
blocked (Appendix A, item 9).

4.2. Local Influencing Factors

When analyzing the pandemic, we can see that it accelerated the shift of supply chains
from a global level to a local level [57,58]. In China, the localization of the supply chain has
also been influenced by government management. The “managed hand” of the Chinese
urban government can guide enterprise agglomeration and coordinate cross-enterprise
cooperation [59]. In our field investigation of the Weifang development zones, we found
that the management committees of the development zones in China carried out the
planning, construction, and investment attraction of the development zones on behalf of
the local governments. For example, when the interprovincial logistics were restricted
during the pandemic period, the Management Committee of Weifang Hi-Tech Industrial
Development Zone conducted targeted investment according to the list of supply-chain-
supporting companies provided by Weichai Power Co., Ltd., Weifang, China—the leading
enterprise in the zone—and brought supply-chain-supporting companies to the local
development zone in order to realize nearby supply from downstream suppliers of hub
firms in the zone. Limited by the timely delivery and logistical costs, some supply-chain-
supporting companies also took the initiative to move from Xiangyang in Hubei Province
and Longkou in Yantai Province to the Weifang Hi-Tech Industrial Development Zone, in
order to shorten their spatial distance from the upstream companies in the supply chain.
To facilitate this move, the Weifang Hi-Tech Industrial Development Zone provided land,
investment, taxation, and other support measures to these companies [60].

The policies and services of local governments and development zone managers have
met the needs of the firms’ supply chain logistics after the outbreak of the epidemic to a cer-
tain extent, and played an active role in the post-pandemic recovery of the manufacturing
supply chain, promoting the strengthening of firms’ local logistics networks. According
to the questionnaire survey, 43.18% of the surveyed firms hope that the managers of the
development zones can bring them into contact with the upstream and downstream com-
panies in the supply chain, or help them to seek the target market for their products; 46.6%
and 22.73% hope to find suppliers and sales destinations, respectively, in the neighboring
provinces. The difference between the last two figures reflects the information asymmetry
and the urgent need for companies to expand the market of products.

5. Discussion and Conclusions
5.1. Discussion

One implication of our empirical results concerns the crisis adaptability of local
industry, which differs from the findings of other studies. For instance, Majumdar et al. [44]
and Mahajan et al. [45] found that the supply chains were vulnerable in developing
countries during global public crises—based on the case studies of the garment industry
in South Asia and the food industry in India, respectively—compared to a strong risk
adaptability in the manufacturing supply chains in some developed countries in Central
Europe [61]. Our case study finds that the average path length of the firms’ supply logistics
networks in Weifang’s development zones decreased from 3.469 before the outbreak of
COVID-19 to 3.458 after the outbreak and, correspondingly, the sales logistics network
decreased from 3.147 to 3.04, indicating the increased connectivity of the logistics network
after the outbreak. Thus, local industrial clusters in China have shown a certain adaptability
to the global public crisis, unlike similar cases in India and South Asia.



ISPRS Int. J. Geo-Inf. 2021, 10, 477 22 of 27

For the spatial structure of the firms’ logistics networks, the logistics networks of
the firms in the development zones of ordinary prefecture-level cities in eastern China—
represented by Weifang—differ from those of the development zones of a large city in
central China—the Zhengzhou Economic and Technological Development Zone [62]—
where the major suppliers and customers of firms are located within the same province as
the firm, or within China. In comparison, the logistics networks of Weifang’s development
zones are significantly localized, with a higher percentage of companies in the development
zone supporting those in the same development zone and the same city, in a spatial
structure similar to that characterized by “strong localization and weak globalization” in
the development zones of Xining—the capital city of a western province in China [47]. As
an administrative means of government to guide the concentration of firms, the logistics
networks under the guidance of development zones may differ from those in industrial
agglomerations. A previous study on local production networks (LPNs) of innovative
firms in Hertfordshire, UK shows that 29% of large companies had no local suppliers [63],
whereas 74% of the firms regard Hertfordshire as their geographic production base because
of its local high-quality human resources [64]. Whether or not development zones can guide
the formation of a regional production system and its mechanisms calls for further study.

In our study, we confirmed the important role of hub firms in an industrial cluster,
similar to how Yukiko found that a small number of hub firms played a role in linking
different regions and local networks based on the Great East Japan Earthquake and the data
from Japanese corporate transaction partners, thus geographically dispersing the impact of
the earthquake on the economy [26]. Our study also highlights a significant divergence in
the betweenness centrality of firm nodes in the supply logistics networks of the firms in
Weifang’s development zones, where firm nodes with greater betweenness centrality serve
to link firms in the development zones with major sales destinations.

The supply chain risk in global sourcing has always been questioned [65]; the outbreak
of COVID-19 demonstrates that localized supply chain systems are more robust and
resilient than global supply chain systems [66,67], and that the pandemic accelerates
the shift of supply chains from globalization to localization [61,68]. According to the
research results of firms’ logistics networks in Weifang’s development zones, the following
policy recommendations are put forward to industrial park administrative organizations
and local governments in order to better manage logistics networks and supply chain
logistics: First, for the supply logistics networks, attention should be paid to the support,
cultivation, and introduction of local supporting suppliers. The study results show that
the overseas supply originations are the most unstable part of the firms’ supply logistics
networks in the development zones in the context of the COVID-19 pandemic, and the
import and export disruptions directly affect the survival of small foreign trade companies.
Governments at higher levels should take the lead to focus on the development of the
industrial Internet for better connections between production factors and subjects such as
equipment, production lines, factories, suppliers, products, and customers. By sharing the
real-time demand for raw materials in production and bridging the “information gap” in
supply chain support for small exporters, the government can enhance the ability of firms
to resist external risks. Secondly, for the sales logistics networks, importance should be
attached to the development and support of hub firms in local industrial clusters. These
hub firms, with high node centrality—which often have channel advantages—are critical
in linking local companies to the domestic and overseas markets. Local governments can
introduce downstream supply-chain-supporting companies of leading hub firms directly
into the industrial park in order to achieve nearby goods supply, and provide financial,
land, capital, and other support in this process. Thirdly, local governments and industrial
park administrative organizations can act as supply chain “intermediaries” for companies
to develop a locally centered logistics network relying on the advantages of local industries.
Administrative organizations of industrial parks can, based on the characteristics and needs
of the companies in the park, help them to connect to external markets through the efforts
made by the professional management teams of industrial parks, in order to establish a
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multilevel supply chain logistics system with localized logistics networks as basic, and key
hub firms as mediators between local firms’ logistics networks and external networks.

5.2. Conclusions

Based on the survey data of the supply originations and the sales destinations of
firms in Weifang’s development zones, we used the two-mode network method of social
network analysis to explore the characteristics of firms’ logistics networks in China’s
development zones in a prefecture-level city, and their changes in the context of the
COVID-19 pandemic. In addition, we discuss the changes in the influencing factors of
the firms’ logistics networks at different geographical scales (global, domestic, and local)
during the COVID-19 pandemic.

The contributions of this study are as follows: First, we contribute to and expand the
research field of logistics networks. Second, this study enriches the empirical research of
logistics networks via a comparative study based on different geographical scales. Third,
we illustrate a phenomenon of global contraction and local strengthening of firms’ logistics
networks during the COVID-19 outbreak, by analyzing the most typical type of industrial
space in China, highlighting current logistical trends.

However, there are some limitations to this study: First, for the changes in influence
factors on logistics networks, there is no quantitative analysis on the influencing factors, nor
any specific degree of influence by the COVID-19 pandemic on firms’ logistics networks in
development zones. Second, as lists of the names of supporting suppliers and customers
are trade secrets of firms, it is almost impossible to acquire the accurate supply chain
partners of the interviewed firms, except by investigating the firms’ supply originations
and sales destinations by dividing the spatial units; as such, detailed research on the
spatial characteristics of local logistics networks was not conducted in this research. Third,
although we analyzed the overall characteristics of the supply and logistics networks, and
preliminarily discussed the characteristics of the supply chain logistics of a collection of
manufacturing firms via the case study of Weifang’s development zones, there is a lack
of analysis based on the division of industry categories and supply chain segments of
firms in the development zones. Finally, more case studies of other Chinese cities, such as
prefecture-level cities adjacent to metropolitan areas, ought to be introduced for comparison
with the case of Weifang. The above points remain to be further studied.
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Appendix A

1. According to the data released by the Chinese National Bureau of Statistics, the
throughput of China’s foreign trade cargo ports increased by 1.3%, 0.3%, and –0.6%
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(8.2% in November 2019), and the national freight volume was down by 17.0%, 29.9%,
and 13.0%, from January to March 2020, when the pandemic was at its height in China.

2. According to the China Development Zone Audit Announcement List 2018, there are
2718 national and provincial development zones in China. The publication of Main
Economic Indicators for the Economic and Technological Development Areas in China (2019)
shows that 218 national economic and technological development zones contributed
10.9% of China’s fiscal revenue, 17.4% of the added value of the secondary industry,
and 19.9% of total imports and exports. These proportions would be higher if the
provincial development zones were considered.

3. The surveyed companies were required to fill in the countries/regions of their supply
originations or sales destinations when the questionnaires were distributed. Ac-
cording to the questionnaire results, the overseas countries/regions are divided into
11 spatial units: Southeast Asia, Europe, Africa, Middle East, North America, South
America, India, Oceania, Mongolia, Japan, and South Korea.

4. As China controlled the spread of COVID-19 in March 2020, reducing the number of
daily new confirmed cases from 15,153 cases, with the peak on 12 February 2020, to
below 100 on average, manufacturing companies in China are gradually resuming
production. As of 1 December 2020, the number of daily new confirmed cases over-
seas was still high—between 500,000 and 600,000. The questionnaire survey in the
study was conducted when the pandemic was initially controlled in China, but still
severe overseas.

5. Interviews with companies in the Shandong Weifang Economic and Technological De-
velopment Zone (Shandong Weiyuan New Material Equipment Co., Ltd., Shandong,
China) were conducted on 26 August 2020.

6. According to the data released by the Chinese National Bureau of Statistics, the
throughput of China’s foreign trade cargo ports increased by 1.3%, 0.3%, and –0.6%
(8.2% in November 2019) in January, February, and March 2020, respectively, when
the pandemic was at its height.

7. A questionnaire survey and field visits to the companies in the development zones
showed that 56.8% of the surveyed companies mentioned the increase in logistical
and transportation costs during the outbreak of COVID-19.

8. A questionnaire survey and field visits to the companies in the development zones
showed that nearly half (46.6%) of the surveyed companies hope to find raw material
suppliers in the neighboring provinces or their own province after the outbreak
of COVID-19.

9. According to the field survey, the surveyed companies are not inclined to limit the
sales target market to the neighboring regions. Compared to the 46.6% of the surveyed
companies that hope to find raw material suppliers in the neighboring provinces,
only 22.73% hope to locate their target market in the neighboring provinces. This also
confirms why the space contraction of the sales logistics network is not as significant
as that of the supply logistics network.
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