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Abstract

“The Belt and Road” initiative has been expected to facilitate interactions among numerous

city centers. This initiative would generate a number of centers, both economic and political,

which would facilitate greater interaction. To explore how information flows are merged and

the specific opportunities that may be offered, Chinese cities along “the Belt and Road” are

selected for a case study. Furthermore, urban networks in cyberspace have been character-

ized by their infrastructure orientation, which implies that there is a relative dearth of studies

focusing on the investigation of urban hierarchies by capturing information flows between

Chinese cities along “the Belt and Road”. This paper employs Baidu, the main web search

engine in China, to examine urban hierarchies. The results show that urban networks

become more balanced, shifting from a polycentric to a homogenized pattern. Furthermore,

cities in networks tend to have both a hierarchical system and a spatial concentration primar-

ily in regions such as Beijing-Tianjin-Hebei, Yangtze River Delta and the Pearl River Delta

region. Urban hierarchy based on web search activity does not follow the existing hierarchi-

cal system based on geospatial and economic development in all cases. Moreover, urban

networks, under the framework of “the Belt and Road”, show several significant corridors

and more opportunities for more cities, particularly western cities. Furthermore, factors that

may influence web search activity are explored. The results show that web search activity is

significantly influenced by the economic gap, geographical proximity and administrative

rank of the city.

Introduction

The initiative of jointly building the “Silk Road Economic Belt and the 21st Century Maritime

Silk Road” (hereafter referred to as “the Belt and Road”) was proposed by Chinese President Xi

Jinping in 2013. The initiative aims to establish a new pattern of trade and an infrastructure

network that connects Asia, Europe and Africa [1, 2]. In addition to trading cooperation and
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the economic situation, cultural exchanges and investment policy [2] will be covered. In this

case, the initiative will generate numerous city centers, which may be defined as nodes to facili-

tate interactions between major centers [3, 4]. Since the initiative was proposed, for example,

Changchun attempted to build a white science and technology park to focus on the development

of an international cooperation platform for science and technology. Shenzhen set up an interna-

tional museum aimed at the integration of the culture and technology of “the Belt and Road”;

moreover, additional free trade zones have been established in Xi’an, Shenzhen and Urumqi (see

https://www.yidaiyilu.gov.cn/info/iList.jsp?cat_id=10004). The centrality of these cities has been

strengthened; as a result of both policy and attention, they have become popular cities.

A city’s position determines its benefit from the initiative. More specifically, a city’s power

arises from the forms of interaction and exchange that occur through complex networks [5].

Among these networks, the co-present interaction shrinks the space and time between each

other and constructs more closely integrated ties and relationships [6]. According to Castells’s

argument, physical proximity and face-to face interaction were emphasized in an industrial

society, whereas the diffusion of information and communication have been emphasized in the

information age [7]. Additional evidence has indicated that organizations and businesses rely

on high-quality data communications and low costs for their telecommunications needs [8, 9].

In this paper, we have three central aims. The first aim introduces the methodological

framework and argument that information flow is as an appropriate database for examining

the increasing importance of knowledge opportunities for cities. Second, the informational

ranking of Chinese cities along “the Belt and Road” is derived. The paper uses the Baidu search

volume in a comparative analysis of an informational approach, and Chinese cities along “the

Belt and Road” are selected for a case study to determine how these cities are merged in cyber-

space and the specific opportunities that are offered in the context of “the Belt and Road”.

Third, the research field is extended by examining the factors that affect information flow.

The remainder of this paper consists of four main sections. The first section discusses the theo-

retical rationale for an analysis of urban networks among Chinese cities along “the Belt and

Road”. The second section briefly describes the selected cities, calculation method and hypotheses

for the potential influencing factors. The results are presented in the third section. The fourth sec-

tion discusses the main findings and potential drawbacks of the data outlined in this section. Fol-

lowing this section, an overview of potential avenues for further research is presented.

The next section discusses the theoretical rationale for an analysis of urban networks

among Chinese cities along “the Belt and Road”. We subsequently discuss the debate regarding

“the Belt and Road” to provide context and outline its remit. Following that, we acknowledge

that exploring urban hierarchies among Chinese cities along “the Belt and Road” is essential to

advance our understanding of center cities and their dynamic connections. Then, we argue the

conceptualization of hierarchies and networks. We acknowledge that a city’s network of infor-

mation flows presents an amalgam of hierarchical and networked characteristics. Given this

understanding, we subsequently introduce and discuss in detail the feasibility of using the

Baidu index as a source of information flows.

“The Belt and Road”, urban hierarchies and information flows

“The Belt and Road”: Context

Cities may be connected at different scales. Empirical studies tend to analyze the spatial orga-

nization by examining functional linkages at different scales, including global [10–13], regional

[14, 15] and national [16–18]. However, many economic communities have experienced

greater functional linkage because of more investments within the region. Furthermore, the

spatial paradigms that are inherent to these regional initiatives indicate the reproduction of
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capitalist developmental ideas expressed particularly in the form of networks, which thus

become a feature of the contemporary global political economy [19].

“The Belt and Road” initiative is a “spatial fix” [19] expected to facilitate interactions among

numerous city centers. Certainly, the initiative of “the Belt and Road” would generate a num-

ber of centers, both economic and political, that would facilitate more interaction among

them. Research on cities in this area would not only help guide the long-term development of

“the Belt and Road” but would also make economic centers more attractive by providing pro-

ductivity benefits.

Urban hierarchies

In Castells’s seminal work, he argues a network society encompasses a “global network” of

cities rather than a few urban cores at the top of the hierarchy [7]. Urban research has subse-

quently undergone a shift from the hierarchical arrangement of city-entities to a networked

ontology. More specifically, a hierarchy implies a ranking of cities with more-or-less power,

whereas a network suggests a flattened space with mutuality and cooperation [20]. As cities

have been locked into uneven power networks, emphasizing cooperation rather than competi-

tion within urban hierarchies seems reasonable [21]. The rise of information and communica-

tion technologies (ICTs) has complicated the relationship between urban places and digital

information. Thus, in an information age, the main task for a city is to produce and use infor-

mational data. Certain cities always have more advantages than others in terms of the produc-

tion and consumption of discourse on economic effect, particularly with respect to policy.

Therefore, the network ontology should accommodate cyberspace-based city rankings [22].

Examining cities from the perspective of their urban rank makes sense, although the discus-

sion of an urban hierarchy may be unfashionable.

The use of inter-city connection data has become an increasingly popular way to examine

urban hierarchies [23]. This paper employs a network approach to explore urban hierarchies

among Chinese cities along “the Belt and Road”. Employing the network approach is also con-

sistent with the new network paradigm presented in the “urban system” literature.

Information flows: A data source

In the present “information age”, the quickening and deepening connections among cities,

which are considered characteristic of the contemporary globalizing world, call for novel ways

of understanding the relative importance of cities [24]. The rapid development of ICTs has

led to the reshaping of urban society and economies, for example, by changing information

exchange, communication, and the links between cities [7, 25]. Cyberspace is a virtual geogra-

phy created by ICTs [26], in which the internet is a remarkable fusion of information types,

media, and operators [27], and more flows of people, material and information, for example,

are generated. The increasing use of the internet and its applications is also perceptible in

interrelationships between cities [28], and the internet has various spatial structures [29, 30].

Scholars have simultaneously questioned the relevance of the internet to the original urban

hierarchy and determined that the exchange of information among cities would lead to a more

complex urban hierarchy and not simply follow the existing urban network structure [31–33].

It is a truism of the information age that information is everywhere, however, with respect

to information relevant to scholars, the identification and utilization of “good” data are rela-

tively new developments [22]. Moreover, empirical studies tend to present two specific prob-

lems: (1) Many studies have shown that there is an infrastructure-orientated focus [34, 35]. Of

these studies, the structure of links among IP addresses [36], internet backbones [37, 38] and

tracing information “itself” have been used to portray the internet networks that have been the
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subject of network analysis. However, the infrastructure-orientated focused data cannot pres-

ent the connectivity between two cities. The fact that a city has a high degree of infrastructure

is not an indication that it connects well with other cities [39]. (2)Telecommunications are, to

some extent, invisible compared with visible indicators, such as airports [40, 41]. Therefore, in

internet studies, only a small amount of comparable data are available to accurately measure

information flows [39, 42, 43]. This is described as “the dirty little secret of cities research”

[44].

Therefore, informational infrastructures and associated material flows between cities must

be investigated, as well as the evolving cyberspaces of cities in relation to digital information

[22]. The content-based analysis of cyberspace has been used to trace out dyadic interconnec-

tions between cities by obtaining counts of web pages [28, 45]. A novel heuristic research

method from a web search engine has proven to be appropriate for measuring urban connec-

tivity in information networks [22].

Deriving inter-city connections from the Baidu index

The internet may be considered a window into a city. Web search activity has become an

important way for individuals to learn about a city, and it is regarded as the informational link

[46, 47]. According to the "39th China Internet Development Report", by the end of 2016, the

number of Chinese internet users reached 731 million [48]. Because of the national govern-

ment’s policy of internet censorship [49], Baidu is the main web search engine in China

instead of Google web search. With more than 665 million active users accounting for 91% of

the total (see http://news.xinhuanet.com/fortune/2017-02/24/c_129495316.htm), Baidu has

become the most widely used web search engine in China.

To understand the type of web search activity among cities, six cities from the study area

are selected, and the nationwide search contents for these cities are sorted (Table 1). The large

search content is recorded according to baidu.com using a combination of the city name and

the search content. For example, the combination of “Beijing” and “weather” had the largest

search volume when individuals nationwide searched for Beijing. The most common combi-

nation for the selected cities was weather. The large search content also includes Yaohao, sub-

way, university, and coach when people nationwide searched for Beijing. When individuals

searched for Shanghai, the predominant search content included Disney, university, subway

and traffic. For the famous tourist city Sanya, the largest search content included photograph,

tenement, wedding veil and Haikou. Most of these search contents imply strong connections

among cities. For example, when individuals in Beijing search for weather, subway and other

transportation routes into Shanghai, they tend to have the following two reasons: (1) they

would go to Shanghai in the following days, or (2) they have family members or friends in

Shanghai. In this case, some aimless search volume that is also included is assumed to be

Table 1. The ranking of search content for cities in one week (from 2016.12.26 to 2017.01.01).

Ranking of search content Beijing Shanghai Chongqing Shantou Lhasa Sanya

1 Weather Weather Shishicai a Weather Weather Weather

2 Yaohao a Disney University University Tibetan Photograph

3 Subway University Weather Haitong a Train Tenement

4 University Subway Occupation Recruit Chengdu Wedding veil

5 Coach Traffic Travel Stock Beijing Haikou

a Yaohao grants car registrations via a lottery system. Shishicai is a type of welfare lottery issued by the China welfare lottery distribution management

center, and underwritten by the Chongqing welfare lottery distribution center. Haitong is a securities joint stock limited company in China.

https://doi.org/10.1371/journal.pone.0188868.t001
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temporal. The previously described search content listed showed a strong desire for connec-

tions (e.g., business, leisure, residence, or employment) behind these web search activities.

When analyzing the Baidu web search, most of the search content may be traced back to

the connection among cities. Specifically, the flow is expressed as information flow, however,

in essence, it is an integrated flow including people, material and information. Interestingly,

Baidu web search activity provides the possibility for a city-based analysis based on users’ geo-

tagged places, which typically correspond to their location. Baidu is a web search engine for

data sharing based on the massive behaviors of internet users. The Baidu index may provide

researchers with the scale of a keyword, its evolution over time, and the distribution of internet

users who search for these words. For example, when a user in Shanghai searches for a combi-

nation of content that includes the key word “Beijing”, the search volume referred to as the

Baidu index would be recorded. Key words such as “Beijing road” are not included. Specifi-

cally, when users in Beijing are searching for combinational contents including the key word

“Shanghai”, subtitled Disney, or university, these web search data are subsequently stored in

the Baidu index. Therefore, the connection between Shanghai and Beijing, which is bidirec-

tional, may be calculated based on the web search activity of users.

In contrast to infrastructure-orientated approaches, in which information flows are mea-

sured, the Baidu index approach deals with virtual flows. The Baidu index is operated stan-

dardly based on its web search data that may present not only information infrastructures but

also their associated material flows between cities, which indicates an overview of urban net-

works among the cities.

Against this background, the exploration of urban hierarchy among Chinese cities along

“the Belt and Road” has two meanings. First, this work presents a way to capture connections

and identities of places using associated material flows in China, which has the largest number

of web search engine users worldwide. Second, this study mapping urban networks among

Chinese cities along “the Belt and Road” also has substantial realistic significance, particularly

for understanding the center city along “the Belt and Road”.

Area, methods and hypothesis

Selection of cities

Chinese cities along “the Belt and Road” have been introduced as a trial to examine how infor-

mation flows may be used as a framework to empirically study the contemporary global politi-

cal economy. On March 28, 2015, the National Development and Reform Commission,

Ministry of Foreign Affairs, and Ministry of Commerce jointly issued the “Vision and Actions

on Jointly Building Silk Road Economic Belt and 21st-Century Maritime Silk Road”[50]. In

the report, 18 provinces in China are identified as key provinces, including 6 northwestern, 3

northeastern, 3 southwestern, 5 coastal, and 1 inland province. Moreover, 18 node cities in

China are identified, including Beijing, Chengdu, Zhengzhou, Wuhan, Changsha, Nanchang,

Hefei, Tianjin, Ningbo, Shenzhen, Zhanjiang, Shantou, Qingdao, Yantai, Dalian, Xiamen,

Quanzhou and Sanya. These cities are introduced as the main connector span of China with

other countries in the initiative of “the Belt and Road”. Therefore, 18 provincial capitals and 18

node cities are selected for analysis in this paper (Table 2).

Chinese cities along “the Belt and Road” were selected for a case study to investigate how

these cities are merged in cyberspace and the specific opportunities that are offered in the con-

text of “the Belt and Road”. The results of this study indicated which of the 36 cities are nearly

in intensive collaboration and which cities are removed from this type of collaboration. This

research may help the Chinese government provide relatively preferential policies to these

node cities in the future.
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Data calculation based on the Baidu index

Construction of the inter-city informational connection matrix. Given that web search

activity produced between two cities may be explored via https://index.baidu.com/, and the

web search volumes may be represented by the Baidu index between two cities, an inter-city

informational connection matrix may be constructed with data from the Baidu search engine.

There are 1260 links among the 36 cities each year, thus, three matrices spanning the years

2011, 2014, and 2016 are built. All collected data comply with the terms of service for the

Baidu website.

Estimation of the index of urban network characteristics. The data process in this paper

includes four steps.

① Standardizing the connectional data among 36 cities. The specific steps are as follows:

X0ij ¼
Xij

Pn
j¼1
Xij

where n represents the number of research cities; Xij represents the web search volume of

city i, in connection with city j;
Pn

j¼1
Xij represents the web search volume of city i to

other cities; and X0ij presents the standardized data.

② Based on the first step, the second step is to calculate the city’s external connection index.

The external connection index reflects the urban hierarchy in the network system.

Yi ¼
Xn

j¼1

X0ij � X0ii

where Yi represents the city’s external connection index which reflects the city’s external

Table 2. The 36 selected Chinese cities along “the Belt and Road”.

City Rank of GDP per person Rank of population City Rank of GDP per person Rank of population

Chongqing 12 1 Beijing 2 3

Shanghai 1 2 Chengdu 7 5

Fuzhou 21 19 Zhengzhou 14 10

Guangzhou 3 6 Wuhan 6 8

Hangzhou 8 12 Changsha 10 20

Haikou 33 33 Nanchang 23 27

Nanning 26 23 Hefei 20 16

Kunming 24 24 Tianjin 5 4

Lhasa 36 36 Ningbo 11 17

Harbin 19 9 Shenzhen 4 7

Changchun 22 18 Zhanjiang 29 21

Shenyang 15 15 Shantou 31 26

Hohhot 27 31 Qingdao 9 11

Xining 34 32 Yantai 16 22

Yinchuan 32 34 Dalian 13 25

Lanzhou 30 29 Xiamen 25 28

Xi’an 18 13 Quanzhou 17 14

Urumqi 28 30 Sanya 35 35

Sources: All data are obtained from the <Urban statistical yearbook of China 2016>

https://doi.org/10.1371/journal.pone.0188868.t002
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contact strength in the entire network system; X0ij is the standardized web search volume

of city i to city j; and X0ii is the standardized web search volume of city i to itself.

③ The third step is to calculate the connection degree between cities based on the first step.

The indicator characterizes the informational contacting degree among cities in urban

networks. The calculation is as follows.

Zij ¼ X0ij � X
0

ji

where Zij represents the connection degree between cities i and j, X0ij is the standardized

web search volume of city j to city i, and X0ii is the standardized web search volume of city

i to itself.

④ The fourth step is to calculate the connection degree of each city for characterizing each

city’s connection to other cities within the urban network system. The specific calculation

is as follows.

Wi ¼
Xn

j¼1

Zij � Zii

where Wi represents the connection degree of city i, Zij represents the connection degree

between cities i and j, and Zii represents the connection degree between cities i and i.

Construction of the inter-city spatial distance matrix for all 36 cities. Euclidean dis-

tances between 36 cities are calculated, and a spatial distance matrix is established. The

research considers the significant changes that have occurred in inter-city transportation

distances over the previous 20 years as well as the vast territory of China. This paper exam-

ines only straight-line distances; in the 36×36 matrix, the minimum distance is 74 km

from Xiamen to Quanzhou, and the maximum distance is 3504 km from Urumqi to

Sanya.

Hypotheses of underlying factors that affect web search activity

Factors such as city size (in demographic or economic terms), policies, physical distance and

borders may affect the spatial interactions between cities [51]. From the perspective of web

search activity, the question arises as to whether the urban hierarchy will continue to be

affected by the economic, geographical and administrative factors? We subsequently formulate

a hypothesis regarding how the underlying factors affect web search activities according to

empirical studies.

(1) Assumption 1: cities with high levels of economic development tend to have high web

search activity.

The presence of information cyberspace often depends more on informational infrastruc-

ture [52]. In 1977, the viewpoint that the network of an urban system tends to spread

among economically developed cities was proposed by Pred [53]. Therefore, this paper

assumes that a city with a high level of economic development will tend to have a high

web search activity.

(2) Assumption 2: web search activity tends to occur between cities with large economic

gaps.

We define the variable Aij as the economic gap to show the extent of the economic gap

between two cities. In this paper, GDP per capita is chosen to minimize the impact of the
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population and GDP. The economic gap between two cities is calculated as

Aij ¼
1

ðjGi � GjjÞ

where i and j represent cities i and j (i6¼j), respectively, Gi represents the GDP per capita

of city i, and Gj represents the GDP per capita of city j. A smaller Aij indicates a larger eco-

nomic gap between cities i and j whereas a larger Aij indicates a smaller the economic gap

between cities i and j.

This article assumes that web search activity tends to occur between cities with a large

economic gap.

(3) Assumption 3: high administrative rank cities tend to have more opportunities to gain

high web search activity.

The influence of local government is mainly reflected in the intervention of the regional

economic pattern, which is referred to as the administrative region economy [54]. High

administrative rank cities tend to be more attractive for their information and policy

advantages [55]. Therefore, this paper assumes that high administrative rank cities tend

to have more opportunities and higher web search activity among cities.

(4) Assumption 4: web search activity is affected by geographical proximity.

Urban network theory suggests that links among cities are not equivalent. Moreover, a

rule of distance attenuation exists [56]. Therefore, this paper assumes that web search

activity is affected by geographical proximity.

Results

Analysis of inter-city connections

Characteristics of web search activity and its evolution. Combined with the city loca-

tion, informational connection matrices of 2011, 2014 and 2016 were used to investigate the

spatial characteristics of the network evolution (Fig 1). Overall, for 2011, 2014 and 2016, the

web search activity significantly increased among cities along “the Belt and Road”. More spe-

cifically, in 2011, the total Baidu index was 115,845, and its value increased to 263,583 in 2014.

Moreover, compared with the value in 2011, the value increased by 1.66 times in 2016, reach-

ing 308,687. The average annual growth rate in inter-city informational connections was 166%

among the selected years, which suggests a rapid growth trend.

Urban networks have gradually become more balanced. Among all cities, informational

connections among 18 cities account for 68% of the total, and the information connection of

Beijing, Guangzhou, Shenzhen, and Shanghai in 2011 accounts for 19.7% of the total. Specifi-

cally, we identify 22,843 links among four cities (Beijing, Guangzhou, Shenzhen, and Shang-

hai) in 2011, 47,643 in 2014, and 51,034 in 2016, which account for 19.7%, 18.9%, and 18.5%,

respectively, of the total connections among the selected cities. Furthermore, a polycentric pat-

tern is explicitly present in 2011, and a polycentric structure is maintained in Beijing and

Shanghai in 2014, whereas a homogenized structure develops prior to 2016.

The network has undergone continuous adjustment, in which web search activity experi-

enced a process of weakening between certain cities and strengthening between other cities.

Compared with 2011, links among Hohhot, Lhasa and other cities significantly weakened in

2014. In contrast, links among Beijing, Shanghai, Guangzhou and other cities have signifi-

cantly strengthened, which led to the central role of these cities. During 2014 and 2016, the

links among Beijing, Kunming and other cities significantly weakened, resulting in a relatively
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homogeneous structure across the entire network in 2016. Although the links among cities

have been reduced (or enhanced) in the previous two years, the links in 2016 have increased to

varying degrees compared with those in 2011 (Fig 2).

Spatial distribution characteristics of web search activity. The web search process

between cities is bidirectional, indicating that the web search activity between cities includes

two aspects. For example, web search activities of city i on other cities and other cities on city i

are both included. In this paper, two definitions are provided as follows: the sending Baidu

index is the total web search volume of city i for other cities, and the receiving Baidu index is

the total web search volume of other cities for city i.

Using the method of natural breaks, an apparent pyramidal hierarchy is present as indi-

cated in Fig 3, which shows that Beijing and Shanghai are the central cities, and Guangzhou,

Shenzhen, Tianjin, Zhengzhou and Wuhan are the sub-central cities in 2011. During 2014, the

sending Baidu index in Beijing strengthened, transforming Beijing into a center city. Until

2016, the urban hierarchy shows a pyramidal pattern in which Beijing, Shanghai, and Chengdu

are the central cities, and Guangzhou, Wuhan, and Zhengzhou are the sub-central cities.

The map of the receiving Baidu index is presented in Fig 4. The results show that cities

under this web search activity are on a spatial concentration trend that is mainly concentrated

in the eastern coastal areas. Specifically, there are three main regions: the Beijing-Tianjin-

Hebei, the Yangtze River Delta and the Pearl River Delta region. In contrast, in 2016, the

receiving Baidu index in three regions accounts for 40% of the total, which indicates Beijing as

the center of the Beijing-Tianjin-Hebei region, Shanghai as the center of the Yangtze River

Fig 1. Evolution of web search activity among 36cities along “the Belt and Road” from 2011to 2016.

https://doi.org/10.1371/journal.pone.0188868.g001

Fig 2. Changes in web search activity among cities in different years.

https://doi.org/10.1371/journal.pone.0188868.g002
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Delta region, and Guangzhou as the center of the Pearl River Delta region. This finding shows

that the Beijing-Tianjin-Hebei, the Yangtze River Delta and the Pearl River Delta region are

not only the focus of national socio-economic development but are also the regions gaining

web search activity. At the same time, although cities such as Wuhan have a high level of eco-

nomic development, surrounding cities have a low level of economic development. Therefore,

we reasonably conclude that a significant spatial agglomeration in such a region has not yet

formed.

In contrast, the sending and receiving Baidu indexes for the selected three years are largely

correlated. That is, a city with a larger sending Baidu index tends to have a larger receiving

Baidu index. Thus, a city that searches more for other cities is reciprocally searched for by

other cities.

Some findings arise if the context of “the Belt and Road” is considered. Fig 1 shows several

significant corridors distributed in central and east China, including Beijing-Shanghai, Bei-

jing-Guangzhou, Beijing–Shenzhen, Beijing-Chengdu, and Beijing-Xi’an, with information

flows in 2016. Connections among central and eastern cities have largely decreased, whereas

those among western cities largely have largely increased since 2014. This result has two poten-

tial causes: (1) Internet users residing in western cities may have increased over the past several

years. However, the number of internet users residing in western cities would negate this rea-

son. According to the “Statistical Communique on National Economic and Social Develop-

ment 2014” and the “Statistical Communique on National Economic and Social Development

2016”, the number of internet users from western cities (Xining, Lanzhou, Urumqi, Yinchuan

Fig 3. The sending Baidu index among “the Belt and Road” cities.

https://doi.org/10.1371/journal.pone.0188868.g003

Fig 4. The receiving Baidu index among Chinese cities along “the Belt and Road”.

https://doi.org/10.1371/journal.pone.0188868.g004
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and Kunming) was 30.56 million in 2014 and 29.96 million in 2016. (2) The search volume has

increased in the previous several years, which indicates these cities have gained more connec-

tions with and attention from other cities. As a result, these significant corridors have weak-

ened, which indicates that more cities, particularly western cities, have shared more

opportunities.

Ranking cities

Connection degree. “The Belt and Road” cities in China have significant centrality. In

essence, the connection degree shows a substantial difference among cities (Fig 5).

As China’s political, economic and cultural center, Beijing has the strongest network con-

nectivity with 0.074, which is higher than that of the secondary city of Xiamen. In addition, cit-

ies such as Shenzhen, Hangzhou, Chengdu, Sanya, Shanghai, Xi’an, Wuhan and Chongqing

have similar and strong network connectivities, with connection degrees between 0.03 and

0.05. Cities such as Guangzhou, Qingdao, Nanchang, Tianjin, Dalian, Ningbo, Lanzhou,

Changsha, Haikou, Harbin, Shenyang, Zhengzhou and Nanning have connection degrees

between 0.02 and 0.03. Furthermore, cities such as Quanzhou, Hefei, Fuzhou and Kunming

have lower connectivity degrees between 0.01 and 0.02. In addition, cities such as Zhanjiang

and Yantai have the lowest connection degrees in the network.

The connection degree of cities has substantially improved from 2011, 2014 to 2016. For

example, the connection degree of Beijing was only 0.0019 in 2011, however, it increased to

0.07 in 2014, which is more than three times the value in 2011. The connection degree of cities

in 2014 showed some changes, in which the connection degree represents an abnormal value

compared with the values in 2011 and 2016, the apex of which was Kunming with an incre-

ment of more than 8 times. A further examination of the Baidu index showed that Kunming

significantly increased because of the violent incidents that occurred there in early March

2014, which explained the sudden increase in web search activity. However, the connection

degree returned to a relatively normal state in 2016.

The urban hierarchy under web search activity. As shown in the Fig 6, cities are ranked

according to their external connection degree. Cities such as Shanghai, Shenzhen and Beijing

have high external connection degrees. Cities such as Chongqing, Xiamen, Chengdu, Hang-

zhou, Xi’an, Sanya, Qingdao, Wuhan and Guangzhou have values that range from 1 to 1.5. Cit-

ies such as Harbin, Dalian, Hohhot and Changchun have external connection degrees from 0.5

Fig 5. The rank of the connection degree of cities in the network (2011–2016).

https://doi.org/10.1371/journal.pone.0188868.g005
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to 1. Moreover, cities such as Shantou, Zhanjiang, Lhasa and Yantai have relatively low exter-

nal connection degrees because of their geographical and administrative location.

Although discussions of urban hierarchy, in which “senior” cities have power over and con-

trol those below, may be unfashionable or unhelpful[57], it makes sense to examine cities in

terms of urban rank[22]. The external connection degree is characterized by the city grade in

urban networks. Thus, a higher external connection degree of a city is associated with a higher

rank in the urban hierarchy of a city network. The urban hierarchy based on web search activ-

ity may be reflected using this indicator. Using the method of natural breaks, the 36 cities are

divided into five classes (Table 3).

A shared opportunity for the 36 cities has been shown from the increase of national and

regional centers since the implementation of “the Belt and Road” initiative. First, Beijing,

Shanghai and Shenzhen are always in the list of national centers in 2016, and cities such as

Chongqing, Xiamen, and Chengdu rank significantly as national centers. Second, the number

of regional centers has increased since 2014. More regional sub-centers such as Hefei, Nanning

and Nanchang have transformed into regional centers in 2016. Moreover, cities such as Guang-

zhou, Chongqing, and Qingdao are assumed to be regional centers. This phenomenon also veri-

fies that the urban hierarchy based on web search activity is not exactly the same as the urban

hierarchy based on physical and infrastructure links[58, 59]. Urban hierarchy based on web

search activity is not entirely determined by the level of economic development.

Fig 6. The rank of the external connection degree of cities.

https://doi.org/10.1371/journal.pone.0188868.g006

Table 3. The urban hierarchy and its evolution under web search activity.

Class List of city in 2011 List of city in 2014 List of city in 2016

National

centers

Beijing, Shanghai, Shenzhen Shanghai, Beijing, Chengdu, Shenzhen,

Xiamen

Shanghai, Shenzhen, Beijing, Chongqing,

Xiamen, Chengdu

National sub-

centers

Chengdu, Xi’an, Chongqing, Guangzhou,

Hangzhou, Xiamen, Dalian, Harbin,

Qingdao, Wuhan, Sanya

Chongqing, Xi’an, Hangzhou, Sanya, Wuhan,

Qingdao, Dalian, Harbin, Kunming

Hangzhou, Xi’an, Sanya, Qingdao,

Wuhan, Guangzhou, Harbin

Regional

centers

Tianjin, Zhengzhou, Ningbo, Kunming,

Lanzhou, Changsha, Nanchang, Hefei

Zhengzhou, Tianjin, Lanzhou, Ningbo,

Changsha

Dalian, Tianjin, Ningbo, Nanchang,

Changsha, Zhengzhou, Hefei, Nanning,

Lanzhou

Regional

sub-centers

Nanning, Changchun, Urumqi, Quanzhou,

Xining, Fuzhou, Haikou, Hohhot, Yinchuan,

Shantou,

Hefei, Nanning, Nanchang, Urumqi, Fuzhou,

Xining, Quanzhou, Haikou, Yinchuan,

Changchun, Hohhot, Shantou

Shenyang, Kunming, Quanzhou, Xining,

Fuzhou, Urumqi, Haikou, Yinchuan,

Hohhot, Changchun

Local centers Lhasa,Shenyang,Yantai,Zhanjiang Lhasa, Shenyang, Yantai, Zhanjiang Zhanjiang, Shantou, Lhasa, Yantai

https://doi.org/10.1371/journal.pone.0188868.t003
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The connection degree is consistent with the external connection degree of cities. As shown

in Fig 7, the abscissa presents the connection degree, and the ordinate shows the external con-

nection degree. The connection degree has a positive correlation with the external connection

degree of cities. Thus, the performance of a city with a high hierarchy in the network system

tends to have a high connection degree. The connection degree increases when the urban hier-

archy of a city increases. However, there are some exceptions, as the connection degree is not

always consistent with the external connection degree, such as Shanghai, Chongqing, Nan-

chang, Harbin, and Urumqi. Cities such as Shanghai, Chongqing, Harbin, Hefei, Kunming

and Urumqi have a higher urban hierarchy than their connection degrees indicate. In contrast,

cities such as Sanya, Nanchang, Ningbo and Haikou have higher connection degrees than

their urban hierarchy because that these cities always have strong connectivity in a small area,

even if they have a low urban hierarchy in the network system.

The verification of influencing factors under web search activity

The effect of economy. The connection degree under web search activity is not influ-

enced by its own economic development. As shown in Fig 8, the abscissa presents the GDP per

Fig 7. Quadrantal diagram of connection degree and external connection degree.

https://doi.org/10.1371/journal.pone.0188868.g007

Fig 8. Quadrantal diagram of GDP per person and connection degree.

https://doi.org/10.1371/journal.pone.0188868.g008
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person, and the ordinate presents the connection degree. To a certain extent, the connection

degree and GDP per person have a correlation. However, this correlation does not reach statis-

tical significance, with a regression coefficient of 0.2577 in 2016.

These results show that there is no obvious correlation between urban network connectivity

and economic development. However, what about the correlation between the connection

degree and economic gap? Will the web search activity tend to occur between cities with simi-

lar economic development or cities with a large economic gap?

The results indicate that web search activity tends to occur between cities with a large eco-

nomic gap. As shown in Figs 9–11, the abscissa is Aij, which presents the economic gap

between cities, and the ordinate is the web search activity. The results show that web search

activity tended to occur between cities with a large economic gap in 2011, 2014, and 2016.

Thus, when the Aij value is lower, both the economic gap and web search activity are also

lower. With an increase in Aij, the economic gap between cities decreases, which causes a

reduction in web search activity.

Fig 9. Web search activity under a different economic gap in 2011.

https://doi.org/10.1371/journal.pone.0188868.g009

Fig 10. Web search activity under a different economic gap in 2014.

https://doi.org/10.1371/journal.pone.0188868.g010
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The web search activity under the same economic gap has been increasing yearly. When

Aij�0, the economic gap between cities is large; the value of the web search activity was 860 in

2011, 1700 in 2014 and 1965 in 2016.

The effect of geographical proximity. To explore the relationship between geographical

proximity and web search activity and the change that occurs in this relationship, a fitting anal-

ysis of inter-city web search activity at different distances is undertaken (Fig 12). Each fitting

function is constructed using data on the amount of inter-city web search activity in 35 dis-

tance intervals across the 3 years that comprised the study period (2011, 2014 and 2016). By

examining the amount of inter-city web search activity at each distance interval, a fitting func-

tion is obtained: Y = -75.044x2 + 1942.3x + 16,565. This is a quadratic equation with a negative

slope and a relatively high fitting degree of 0.7161 (R2 = 0. 7161). The results show that within

Fig 11. Web search activity under a different economic gap in 2016.

https://doi.org/10.1371/journal.pone.0188868.g011

Fig 12. Effect and historic evolution of spatial distance on web search activity from 2011 to 2016.

https://doi.org/10.1371/journal.pone.0188868.g012
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a certain distance range, the increment of distance leads to an increment of web search activity

between cities. However, this increasing process is quite limited and begins to decrease beyond

a certain range of distance. The result indicates that the distribution of city nodes is related to

distance. Specifically, nodes closer to the city are associated with greater inter-city web search

activity, whereas nodes farther away are associated with less web search activity. From the fit-

ting function and its correlation coefficient (R2) for each year, the impact of geographical prox-

imity on inter-city web search activity has the same trend. For the years of 2011, 2014 and

2016, the correlation coefficients (R2) are 0.7123, 0.7103 and 0.7158, respectively, which also

indicates a strong correlation between distance and web search activity.

In this paper, the largest web search activity among cities occurs within the distance of

1000–1500 km, accumulated to 34,937 among selected years, whereas the least amount of

inter-city web search activity occurs within a distance of 3,300–3,500 km, accumulated to

3,443 among selected years.

The effect of administrative rank. As previously discussed, the large search volumes

between cities occur in the range of 1000–1500 km; 187 total links among cities occur in this

distance. Among these links, 178 links based on at least one provincial capital city occurred,

accounting for 95%. Moreover, 115 links between provincial capitals occur, accounting for

62%. Based on these data, it is tentatively speculated that web search activity is significantly

influenced by administrative rank. This impact is estimated as follows.

Among the 36 cities selected, 26 cities are provincial capitals, and 10 cities are non-capital cit-

ies. Therefore, 650 links between provincial capital cities and 260 links based on at least one pro-

vincial capital city are supposed to occur. Accordingly, 36 links based on at least one provincial

capital city and 4 links between non-capital cities are expected. However, the results show that

large search volumes tend to occur among provincial capital cities (Table 4). In the first 250

links, no fewer than 47 links are based on provincial capital cities in each of the 50 links. For

example, in the first 50 of the search volume, no fewer than 47 pairs of provincial-based links

occur in each year; only 2 or 3 links occur between non-provincial nodes. Thereafter, for every

50 pairs in the search volume, there are no fewer than 43 pairs of links based on at least one pro-

vincial capital city, which is substantially higher than the expected 36 links. Therefore, 20 links

based on non-capital cities are expected in the top 250. In reality, only 16 links are based on

non-capital cities in 2014. This finding suggests that inter-city links based on web search activity

are associated with a city’s administrative rank. This correlation indicates that a high adminis-

trative rank city tends to have more opportunities for higher web search activity among cities.

Discussion

“The Belt and Road” is expected to facilitate interactions among numerous city centers. This

exploratory study would contribute to the literature on “the Belt and Road” by providing a

Table 4. The expected and actual web search activities in top 250.

The rank of web search activity Based on at least one provincial capital city Non-capital to non-capital cities

Expected links Actual links Expected links Actual links

2011 2014 2016 2011 2014 2016

1–50 36 48 48 47 4 2 2 3

51–100 36 46 45 45 4 4 5 5

101–150 36 46 44 43 4 4 6 7

151–200 36 46 47 47 4 4 3 3

201–250 36 47 50 49 4 3 0 1

Total 180 233 234 231 20 17 16 19

https://doi.org/10.1371/journal.pone.0188868.t004
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systematic assessment of the urban hierarchies for Chinese cities along “the Belt and Road”.

Furthermore, with the rapid development of internet technology and increase in Chinese

internet user scale, the internet has become an important window to show inter-city links in

China. The study introduces the Baidu database as a comparative analysis of information flows

in China, which is an effective supplement to the existing research. Specifically, the Baidu

index represents an under-utilized database of information that has been characterized as geo-

tagged and massive. The proposed research is specifically concerned with how information

flows are merged and the specific opportunities that are offered for Chinese cities along “the

Belt and Road”. Therefore, research on cities in this area would not only be helpful to guide

the long-term development of “the Belt and Road” but would also make economic centers

more attractive by providing productivity benefits.

Overall, the results show that urban networks have undergone continuous adjustment, in

which web search activity experienced a process of weakening between certain cities but

strengthening between other cities. Some cities, especially western cities in China, have shared

more opportunity since the initiative of “the Belt and Road”. Our research also confirm that

there are significant urban hierarchies under informational flows among cities along “the Belt

and Road”. Our research also examine some factors that could influence the urban network

based on web search activity. (1)The results show that it is influenced more by the economic

gap between cities than by the economic development of its own city. In other words, cities

with a large economic gap tend to be more attractive for high web search activity. This finding

can be explained by the traditional theory of flow space that cities with large economic gaps

tend to have large potential energy differences. As a result, more elements flow among cities,

and cities become more attractive. (2)The web search activity is affected by geographical prox-

imity, which is consistent with the "distance decay". Nodes closer to the city are associated with

greater inter-city web search activity, whereas nodes farther away are associated with less web

search activity. Thus, the development of information technology does not cause the demise of

geospatial relationships. Why is web search activity affected by geographical proximity? Tradi-

tional geographical proximity plays an important role in searching for other cities by network

users. The reason is that although information dissemination on the internet is no longer

affected by the friction of distance cost, the searching behavior for information is remain lim-

ited by real life. These limitations cause a relationship increase to occur in neighboring cities.

(3)The web search activity is a selection process for administrative rank. Regression models

indicate that conditioning on administrative characteristics is positively associated positively

with a high degree of informational flows in China. The distance among provincial cities is

always larger than 600 km. For this reason, web search activity increases consistent with a dis-

tance increase in the range of 0 to 600 km. This finding is consistent with the previous research

results that urban networks of information flows/exchange present as an altogether messier

and more dynamic amalgam of hierarchical characteristic [22].

This paper discusses the web search activity, connection degree, urban hierarchy and its

influencing factors, which is a new attempt to investigate not only “the Belt and Road” but also

urban networks under the influence of information flows. The results also demonstrate the

effectiveness of using web search activity to study urban network systems. Our analysis suffers

from several limitations, which indicate potential directions for future research. First, web

search activity is vulnerable to emergencies; for example, we cannot ignore the fact that in

some years, cities that are affected by emergencies, such as the violent incidents in Kunming

had a higher web search activity and a greater connection degree in network. Second, web

search activity is influenced not only by the economy, distance, and administrative rank of a

city but also factors such as infrastructure construction and industrial division. Third, a
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proportion of the web search volume without a semantic connection cannot be excluded.

Therefore, it is necessary to introduce multivariate assessments.
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