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Abstract

The development of the Internet and big data have made it possible to study pop-
ulation migration and flow between cities. This study analyzes the probability of
the population migration propensity of China’s three major urban clusters, identi-
fies the direction of population movements, and uses Markov chains to predict the
probability of population migration propensity moving forward in order to assess the
intercity population migration trends of urban clusters in the future. Internet search
engine data is used, and a population migration propensity intensity model is used
for calculations. The results show that the Pear]l River Delta urban cluster and the
Yangtze River Delta urban clusters are areas of active population migration, and that
intercity population migration is a part of this activity. Intercity population migra-
tion in the Beijing-Tianjin-Hebei urban cluster is not as active as it is in the Yangtze
River Delta and the Pearl River Delta urban cluster. Although the physical distance
between Beijing and surrounding cities is relatively small, the correlation degree of
migration propensity is not high. In the future, Shanghai, Nanjing, and Zhoushan in
the Yangtze River Delta urban cluster; Zhuhai, Shenzhen, Guangzhou, Huizhou, and
Zhongshan in the Pearl River Delta urban cluster; and Tianjin in the Beijing-Tianjin-
Hebei urban cluster will be the main destinations of China’s population migration.

Keywords Urban cluster - Migration propensity - Predict - The Baidu index

1 Introduction

At present, China’s urbanization has entered a new stage in which central cities drive
urban clusters and regional economic development. Urban clusters are not only an
important vector for urbanization, but also key locales for the gathering of mobile
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populations. The ongoing gathering of migrant populations in large cities and urban
clusters highlights changes in regional economic development, and is reshaping
China’s social and economic development patterns. Therefore, the study of popula-
tion migration in urban clusters is of great importance for macroeconomic decision-
making in China.

Population migration and flow have always been the hotspots, and scholars have
carried out a series of studies around them, including the personal characteristics
and the labor market performance of the floating population (Fan, 2002; Long et al.,
2020; Shen & Huang, 2003), types of population migration (Sun & Fan, 2011;
Shen & Liu, 2016), the causes and consequent impacts of population migration (He
et al., 2019; Li et al., 2020a, b, c; Ma et al., 2019; You et al., 2018), the related
policies(Chan & Buckingham, 2008; Lu et al., 2019), and the pattern of migration
(Fan et al., 2020). Among them, the data involved in the study are mainly national
census data, micro survey data and big data. In the traditional population migra-
tion studies, the data is mainly obtained from national census and micro-survey data
(Ke et al., 2022). For instance, Zhu (2007) explored the influencing factors of the
migrants’willingness to settle based on the survey data of the floating population in
the coastal areas of Fujian Province; Dong et al. (2014) adopted the national census
data to study the network structure characteristics and models of China’s inter-pro-
vincial population migration, and points out that China’s inter-provincial population
migration network presents a clear rightward trend in the evolution process. How-
ever, the data from national census data or micro survey data is usually inadequate
in terms of timeliness, directionality, and continuity. Moreover, traditional analyses
focus mainly on inter-provincial migration, not on inter-city migration (Dong et al.,
2014; Liu & Feng, 2014). The broad scope of traditional analyses limits their effi-
cacy in guiding policy-making because such analyses hardly reflect the actual popu-
lation migration situation.

With the rapid development of internet platforms in recent years, based on big
data from social networks, real-time location data for population movements, and
total mobile communications data, scholars have conducted extensive studies on
the changing, characteristics and patterns of intercity population migration (Luo
et al., 2020; Peng et al., 2021; Petzold, 2020). For instance, Blumenstock (2012)
dug deeper into the more subtle population migration patterns based the big data of
mobile phone location information of 1.5 million Rwandans within 4 years. Thomas
et al. (2014) validated the applicability and scientificalness of population migra-
tion analysis using unweighted commercial microdata by analyzing studies related
to population migration in the UK. Neal (2014) compared and analyzed the char-
acteristics and differences of population migration networks composed of different
groups and different time periods based on American air passenger flow data.

At the same time, here is a growing literature discussing the use of big data to
analyze the main patterns and characteristics of China’s population migration.
Jiang and Wang (2017) made use of the such data to construct a network model of
intercity daily population movements in China using complexity network analysis
tools, and they measured and analyzed the characteristics of the complex structure
of the network. Wang et al. (2017) examined the search behavior data of internet
users and used social network analysis to explore the propensity paths and spatial
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differences of intercity population flows in the Pearl River Delta urban cluster. Zhao
et al. (2018) studied the complex network of population migration in the pan-Yang-
tze River Delta during China’s Spring Festival by combining national-level dynamic
monitoring data for mobile populations with Baidu’s migration data. Lai and Pan
(2019) explored the features and spatial patterns of intercity population movements
before, during, and after the Spring Festival using Tencent migration big data.

Big data consisting of geographic information, social media, and data from infor-
mation and communication technologies (Chow et al., 2018; Fang et al., 2015) con-
tained rich spatial-temporal behavior information, and effectively made up for the
lack of refinement and timeliness of traditional census and sampling data (Li et al.,
2016; Wu et al., 2016). And this has provided support for developing fine-grained,
accurate information on population migration and made intercity population migra-
tion research a reality. However, although the use of location data can simulate pop-
ulation migration by combining statistical data and questionnaire interview data, the
data obtained include transitory population movements such as short-term travel and
visits, which are obviously different from one-way population migration accompa-
nied by household migration and resettlement. Although the use of research focused
on short-time intercity migration has some reference value, its role in guiding policy
formulation concerning how to target socioeconomic management in inflow and
outflow areas needs to be further examined. In addition, with respect to research
content, population migration studies based on big data aim mainly at examining
the population migration within urban clusters or the network structure of cities (Li
et al., 2020a, b, c), while there are few discussions of the direction of population
movements and future development trends (Chen et al., 2020). Thus, after exclud-
ing short-term population movements, we must consider how intercity migration
develops and how migration flows within urban clusters will be shaped in the future.
Examination of these issues must be a priority to promote the high-quality develop-
ment of urban clusters and improve the social and economic development of cities.

Internet search engines have become a principal source of information, and the
analysis of the network behavior of large samples of internet users can provide a
good understanding of popular demand (Li et al., 2020c; Xu & Gao, 2017). For
example, before people migrate, they are likely to use an internet search to query
relevant information about the target city they are considering, and assess the risks
and costs of migration based on the information they collect. Therefore, information
searches reflect people’s psychological migration propensity. In fact, psychological
migration propensity and real-world migration activities always affect and interact
with each other. Psychological migration propensity can often be used as guides
to future migration flows, and this guiding effect can strengthen migration tenden-
cies. Therefore, using the network big data generated by information from search
results between cities over long periods of time, we can calculate the propensity of
inter-city migration under the background of the new economic normal. Addition-
ally, using network big data to analyze the propensity to migrate not only excludes
consideration of short-term population movements, but also allows discussions of
intercity population migration propensity and predictions of population migration.

This study is innovative in several respects. Firstly, based on network big data, the
paper focuses on an analysis of intercity population migration direction, addressing
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a problem with much inter-provincial data that fail to reflect population migration
patterns in a comprehensive and detailed manner. Secondly, this study supplements
existing literature in the areas of migration flow and spatial pattern analysis of popu-
lation migration. In addition, this research tries to predict and analyze population
migration to provide policy formulation guidance that considers future population
migration patterns and promotes the development of urban clusters.

2 Data sources and research methods
2.1 Datasources

The primary data source for this paper was Baidu’s index trend data for the active
search behavior of internet users.' The Baidu search index is obtained by calculat-
ing the weighted sum of the search frequency for each keyword that appears in web
searches; the index reflects the attention web users pay to areas of interest (Jiang
et al., 2015; Yu & Zhang, 2012; Xu & Gao, 2017). Since each user’s retrieval behav-
ior in Baidu is a measure of active willingness, each retrieval related to migration
behavior may be seen as an expression of a user’s willingness to migrate. According
to a study of the use of search engines by Chinese internet users carried out by the
China Internet Network Information Center in 2019, China had 695 million search
engine users as of June, 2019, while the national search engine utilization rate stood
at 81.3%, and Baidu Search’s penetration rate among search engine users was 90.9%.
It can be seen that the data generated by people using network searches can reflect
their psychological demands (Gu et al., 2015). Therefore, an analysis of the popula-
tion migration propensity based on Baidu Index big data which reflects the active
search behavior of network users is scientific and credible.

To meet the goals and requirements of this research, search behavior data from
317 prefecture cities in China for the 24-month period, January 2018 to Decem-
ber 2019, were collected. Based on user demand for general information about
population flow orientation and the Law of Least Effort (Wang et al., 2017), and
taking into consideration data availability and scientific requirements, 6 matrix of
317x317 in two periods are formed using “city j+recruitment”, “city j+map” and
“city j+rent”? as keywords for 317 regions in China. This paper first uses the search
index matrix that is obtained to construct a population migration propensity index,
then analyzes the population migration propensity of cities in key urban clusters,
and finally predicts the probability of population migration propensity of cities in

! http://index.baidu.com.

2 Seeking a better income and a lower cost of living to improve quality of life may be the most impor-
tant factor. To get a better income, people will learn about the job opportunities of their chosen destina-
tions in advance. The living environment and housing price are important factors also. Therefore, “city
j+map” indicates the grasp of the specific orientation of the destination’s spatial scope and public facili-
ties, revealing people’s concerns about the living environment. The selection of “city j+rent”, referring
to the research of Xu abd Yao (2018), that many people who have just moved into a city would rent a
place to stay first.
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the urban clusters in the future, so as to assess the present situation and future devel-
opment of inter-city population migration within urban clusters.

2.2 Population migration propensity model

Population migration propensity refers to the probability that people with certain
motives to migrate will move to a locale they have chosen. Since population migra-
tion propensity is interrelated with actual migration, studies of the propensity to
migrate can assess and predict migration behavior to a certain extent. According
to user demand for general information about population flow orientation, potential
migrants pay considerable attention to employment opportunities, housing market
trends, and the spatial structure and infrastructure of their chosen destinations.
Given the concerns of potential migrants, the migration propensity derived from
city “i” to city “j” is assessed mainly in terms of employment opportunities, housing
market and the spatial structure and infrastructure of the target city. The migration

(1342 33

propensity derived from city “i” to city “j” is modeled as:

Propensity; = {/Jobij X Map; X House; (i # J) (1)

where i is the original city, and j is the objective city. Propensity; indicates the
migration propensity from city “i” to city “j”; Job;, Map,; and House; represent the
search keywords combined with the name of objective cities in city “i”, which are
“city j+recruitment”, “city j+map” and “city j+rent”. And Job;, Map; and House
indicate respectively the searcher’s concern with employment opportunities, spatial
structure and infrastructure, and the housing market of the target city, i.e., employ-
ment propensity, orientation propensity and settlement propensity.

In order to explore the direction of intercity migration propensity, the difference
of the migration propensity between city i and city j, which is called the net migra-
tion propensity (M), is measured. When M;; > 0, it means that the migration pro-
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pensity derived from city “i” to city “j” is greater than the propensity derived from

33 334 3%

city “j” to city “i”. City “j” is the potential destination for migration from city “i”.

33

The larger the value of M, the stronger migration propensity derived from city “i

334

to city “j”, and the smaller the value, the weaker the propensity.
M;; = Propensity; — Propensity; )
In this equation, M; represents the net migration propensity derived from city “i”
to city “j”, and M;; = =M.

2.3 Probability of population migration propensity

The probability of population migration propensity is the likelihood that a popula-
tion’s propensity to migrate in geographic space will change during a certain period.
This probability is expressed by the ratio of population migration propensity of a
city during a certain period to the sum of migration propensity of all cities in the
same period. The immigration propensity probability is expressed by the ratio of
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the immigration propensity of a city to the total immigration propensity of all cities
in the given period. In the same way, the emigration propensity probability can be
calculated. The net migration propensity probability is the difference between the
immigration and emigration propensity probabilities.

When a city’s net migration propensity probability is positive, it means that resi-
dents of other cities are more likely to move to the city, making it a potential popula-
tion in-migration city. Conversely, a negative net migration propensity probability
indicates that residents of a city are more likely to move out of the city, making it a
potential population out-migration city. It is important to note that the positive and
negative values of net migration propensity probability do not reflect actual popula-
tion movements; rather, they measure the potential propensity to move in and out,
which can reflect the possible growth rate of the mobile population of a city. When
the net migration propensity probability becomes negative, it indicates that the city
is a potential outflow city. This does not necessarily mean that people are moving
out of the city, but it does indicate that the growth rate of mobile population in the
city is slowing. When the net migration propensity probability is positive, it indi-
cates that the city is a potential in-migration city, and that its mobile population is
growing. The net migration propensity probability can help to identify the migration
propensity type of a city and indirectly reflects the growth rate of a city’s mobile
population, making this indicator of particular importance.

2.4 Prediction model of population migration propensity probability based
on Markov Chain

In this research, Markov chains are used to predict the probability of intercity popu-
lation migration propensity and determine the possibility of future population migra-
tion. A Markov chain is a form of Markov process, which belongs to the stochastic
process theories. Markov process theory describes a process of reaching a certain
state in a certain period, and the process depends only on the current state while
being independent of previous states. Because the process can describe not only
changes to a time series, but also changes to structure, this theory is widely used in
the analysis of population migration flow (Cai et al., 2007; Long et al., 2018). Based
on the Markov chains, the transition probability matrix and the initial probability
matrix of population migration propensity are calculated, and the probability matrix
of migration propensity in subsequent years is predicted.

2.5 Scope of this Study

Three geographical areas are considered in this study: the Yangtze River Delta urban
cluster, the Pearl River Delta urban cluster, and Beijing-Tianjin-Hebei urban cluster.
These three enormous urban clusters lead the economic development in the east of
China and play a key role in the entire country’s development. The Yangtze River Delta
urban cluster includes 26 cities: Shanghai, Nanjing, Wuxi, Changzhou, Suzhou, Nan-
tong, Yancheng, Yangzhou, Zhenjiang, Taizhou, Hangzhou, Ningbo, Jiaxing, Huzhou,
Shaoxing, Jinhua, Zhoushan, Taizhou, Hefei, Wuhu, Maanshan, Tongling, Anging,
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Chuzhou, Chizhou and Xuancheng. The Beijing-Tianjin-Hebei urban cluster includes
13 cities: Beijing, Tianjin, Zhangjiakou, Chengde, Qinhuangdao, Tangshan, Cangzhou,
Hengshui, Langfang, Baoding, Shijiazhuang, Xingtai and Handan. The Pearl River
Delta urban cluster has 9 cities: Guangzhou, Shenzhen, Zhuhai, Foshan, Huizhou,
Dongguan, Zhongshan, Jiangmen and Zhaoqing.

3 Major findings
3.1 Correlation between population migration scale and migration propensity

Populations with a potential to migrate will inquire about a destination’s orientation,
employment opportunities and housing market. There is a certain correlation between
the intensity of migration propensity that is calculated using the Baidu index and the
scale of population migration. To verify this relationship, this study used data on
migration flow from China’s 1% sample survey of 2015. The results show that the cor-
relation coefficient between the scale of population migration and migration propensity
in urban clusters is above 0.9. Moreover, after testing for significance, it can be con-
cluded that the method of measuring the intensity of migration propensity through use
of the intercity query function on the Internet can characterize intercity migration to
some extent (see Table 1).

3.2 Comparison of the migration propensity probability of three major urban
clusters

China’s intercity population migration propensity matrix was calculated using a
migration-related Baidu search index. Given national population migration flows,
the intercity population migration propensities of three major urban clusters were
calculated by using Eq. (1). Predictions of the in-migration or out-migration propen-
sity attributes of a city were made based on the net migration propensity probability
of each city in 2019; these are shown in Fig. 1 and Table 2.

Figure 1 shows that the potential migration propensity of the cities in the Yang-
tze River Delta, the Pearl River Delta, and Beijing-Tianjin-Hebei urban clusters var-
ies widely. Based on their net migration propensity probability, this study classi-
fied cities within the urban clusters into three categories: cities with in-migration
propensity, out-migration propensity, and relatively balanced propensity. Of the 26
cities in the Yangtze River Delta urban cluster, Fig. 1 shows that cities with poten-
tial in-migration propensity include Shanghai, Nanjing, Zhoushan and Hangzhou;

Table 1 Correlation analysis of population migration scale and propensity. Source: Calculated based on
population survey data and related Baidu index data

Pearson correlation coefficient ~ Spearman correlation coefficient ~ Value P

Migration propensity 0.8864 0.9071 0.0000
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Fig. 1 Net Migration Types of Three Major Urban Clusters in 2019

the cities with relatively balanced migration propensity are Maanshan, Tongling,
Wuxi, Wuhu, Chizhou, Changzhou, Yangzhou, Jiaxing, Anqing, Huzhou and Nan-
tong; and cities with potential out-migration propensity include Shaoxing, Chuzhou,
Xuancheng, Ningbo, Zhenjiang, Taizhou, Yancheng, Taizhou, Jinhua, Suzhou and
Hefei. Although more cities in the Yangtze River Delta urban cluster have potential
out-migration propensity than potential in-migration propensity, the great attractive-
ness of Shanghai and Nanjing makes the Yangtze River Delta urban cluster a strong
attraction.

Calculation of the net migration propensity probability among the 9 cities in the
Pearl River Delta urban cluster shows that Zhuhai, Shenzhen, Huizhou, and Guang-
zhou have in-migration propensity; Zhaoqing and Zhongshan have relatively bal-
anced propensity; and Jiangmen, Dongguan and Foshan have out-migration propen-
sity. Owing to their rapid economic development, urban inclusiveness and strong
talent attraction policies, Zhuhai and Shenzhen have long been cities with strong
in-migration propensity in the Pearl River Delta urban cluster. Guangzhou, an old
first-tier provincial capital city, is under pressure to control its population size, just
as Beijing and Shanghai are. Furthermore, because the development of other cities
in the Pearl River Delta has the effect of diverting some migrants away from Guang-
zhou, the net migration probability of Guangzhou remains at a relatively low level.
Dongguan, a manufacturing base, has encountered bottlenecks during its industrial
transformation and its economic growth has slowed down significantly, making it a
place with potential out-migration propensity and a slower growth rate of its mobile
population.

Only a small proportion in the cities of the Beijing-Tianjin-Hebei urban cluster
have in-migration propensity. Of the 13 cities in this urban cluster, Tianjin, Qin-
huangdao and Hengshui have in-migration propensity; Zhangjiakou, Chengde and
Cangzhou have relatively balanced migration propensity; and Xingtai, Langfang,
Shijiazhuang, Handan, Baoding, Beijing, and Tangshan have out-migration propen-
sity. To meet policy goals calling for the phasing out of non-capital core functions
and support the coordinated development of the Beijing-Tianjin-Hebei region, the
city of Beijing has been engaged in industrial deconstruction and population con-
trol in recent years. Beijing’s activities have given nearby cities such as Tianjin,
Qinhuangdao, and Hengshui more opportunities to develop, making these cities
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attractive places with in-migration propensity. Moreover, the development of these
cities is helping inflow population to be more widely distributed, allowing Beijing
to become a city with out-migration propensity that will continue to see a slower
growth rate of its mobile population in the future. In 2010, the growth rate of Bei-
jing’s mobile population was 14.735%; it had decreased to — 3.739% in 2018.

3.3 Comparison of migration propensity paths of three major urban clusters

The general direction of migration propensity of cities within urban clusters can be
determined after obtaining the absolute value of the net population migration pro-
pensity between each pair of cities. It can be seen in Table 3 that both the Yangtze
River Delta urban cluster and the Pearl River Delta urban cluster are apt to receive
migrants from external cities, while the population migration of Beijing-Tianjin-
Hebei urban cluster consists of migration to cities outside of the urban cluster and
movement between cities within the urban cluster. This indicates that both the Yang-
tze River Delta and Pearl River Delta urban clusters are potentially more attractive
to migrant populations than the Beijing-Tianjin-Hebei urban cluster. Among the
three clusters, population inflow from areas external to the Pearl River Delta urban
cluster exceeds population outflow from the urban cluster to external areas. Popula-
tion outflow from the Yangtze River Delta urban cluster to external areas exceeds
population inflow from areas external to this urban cluster. Therefore, overall, the
Pearl River Delta urban cluster is potentially the most attractive urban cluster, and
this is inseparable from its place in the overall scheme of economic development of
China.

Among its top 10 migration propensity flows, the Yangtze River Delta urban clus-
ter has seven internal migration paths, and three migration paths that are between
the urban cluster and cities external to the Yangtze River Delta area. Among these,
Shanghai is the destination for three migration paths. This indicates that despite
policies for megacities that call for regulation of population growth and support
for industrial upgrades and transfers, Shanghai, as the center of China’s economic
development, is still attractive and remains the first choice of destination for people
in many provincial capitals and other cities of the Yangtze River Delta. Further-
more, net inflows to Shanghai are expected to continue to rise. At the same time,
nearly 50% of the top ten migration paths of the Yangtze River Delta urban cluster
show population movement from Hefei to other cities. The Hefei Comprehensive
National Science Center plan was approved by the Chinese government in 2017,
and Hefei became a designated national science and technology city, along with
Shanghai. This designation brings with it many opportunities for Hefei, making its
potential to attract migrants self-evident. Hefei may show a net migration propensity
because the emigration propensity of its population is greater. Although the number
of cities in the Yangtze River Delta area with population outflow potential is greater
than the number of cities with inflow potential, the enormous attraction of Shanghai
and Nanjing makes the Yangtze River Delta urban cluster attractive overall.
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The Pearl River Delta urban cluster has six internal migration paths, indicat-
ing that this region has migration propensity that is both balanced and relatively
active. Zhuhai has become key target city for migration, both from cities within the
urban cluster and from external cities. Guangzhou, the capital city of Guangdong
province and one of the key cities of the Pearl River Delta urban cluster, its pro-
pensity to migrate to Zhuhai is greater than that of Zhuhai to migrate to it. This
is largely because of pressure to control the size of Guangzhou’s population, and
in part because the rapid development of Zhuhai has diverted people away from
Guangzhou.

There are six internal migration paths in the Beijing-Tianjin-Hebei urban clus-
ter, but most of these are internal migration flows from cities within Hebei prov-
ince and from Tangshan to other cities within Hebei province. This indicates that
compared with places such as Qinhuangdao, Zhangjiakou, Langfang, Cangzhou and
Hengshui in Hebei Province, Tangshan is at a disadvantage attracting migrant popu-
lation, because its economic development process is very dependent on secondary
industries, and the city lacks economic vitality and has serious unemployment prob-
lems. The external population migration paths of the Beijing-Tianjin-Hebei urban
cluster all originate in Beijing, making it evident that Beijing’s people have a strong
out-migration propensity. At the same time, this fact also shows that the correlation
between different migration propensities is not high, despite the physical proximity
between Beijing and its neighboring cities.

Every city is both a destination and a place of origin. Tables 4, 5 and 6 allow us
to identify the top three origin cities with out-migration propensity and top three
destination cities with in-migration propensity for every city in each of the three
urban clusters examined in this study. In terms of the migration propensity for cities
in the Yangtze River Delta urban cluster, Shanghai, Hangzhou, Suzhou, and Nanjing
have both active in-migration and out-migration propensities, and the migration pro-
pensity of Hefei, Ningbo, and Jiaxing are followed. Regarding population migration
propensity between cities within the Yangtze River Delta urban cluster, population
migration propensity moving from Shanghai to Hangzhou, Suzhou, Nanjing, and
Hefei is much greater than the propensity of population migration from Shanghai
to other cities. In the future, Shanghai’s floating population will come mainly from
Hangzhou, Suzhou, Nanjing, Hefei, and Ningbo. Regarding the population migra-
tion propensity between the Yangtze River Delta urban cluster and external cities,
the migration propensity moving from Beijing to Shanghai, Hangzhou, Suzhou,
Nanjing, and other cities in the cluster is the key aspect of the migration propensity
of external cities and the Yangtze River Delta urban cluster. In the Pearl River Delta
urban cluster, Guangzhou and Shenzhen are the most active cities in both types of
migration propensity. They are followed by Dongguan and Foshan. It is worth noting
that, except for migration from Beijing to Shenzhen, the migration paths with highly
active propensity are all between cities within the Pearl River Delta urban cluster.
Population migration flows in the Pearl River Delta urban cluster mainly involve
Guangzhou, Shenzhen, and Zhuhai. In comparison, excluding Beijing and Tianjin,
only a small number of in the Beijing-Tianjin-Hebei urban cluster have active migra-
tion propensity. The migration propensity between cities within this urban cluster
and external cities is concentrated in economically developed cities and is relatively

@ Springer



67

Comparisons and predictions of intercity population migration...

65°CS noyzng LT'LS SurfueN I noyzrey, 6L'€6 SurfueN 7818 SurfueN [ noyzSuex
€S°LI Suilog 88°¢¢ nqsueg € 798¢ reysSueys YL '6€ 0q3uIN €
L9'61 Tey3ueys Ssse Tey3ueys 4 98'8¢ 0q3uIN 16'6S Tey3ueys 4
8619 10joH €S°EL 10j0H [ Sudyoueny 10121 noyzsuey 79011  noyzsuey [ Surxoeyg
86T reysueys TL81 reysueys ¢ YT 6¢€ 0q3uIN St Sufiog €
9G'IL noyzSuey SI'vc  noyzSuey 4 $528 reySueys 0T'L8 reySueyg 4
LI6L 0q3uIN At 0qsuIN I ueysnoyz sTyel noyzsuey €9°L6 noyzsuey I Surxerf
L¥'9€ rey3ueys 0L'T9 noyzng € 9’8t Suiliog S6'€8 noyzrey, €
16°6S SurfueN 87°0L SurlueN 4 6L18 Tey3ueys 8LITT rey3ueys 4
9L7TL noyzng LY EL reysueys I Suoyouex 96'CS1 noyzguey S6Cel  noyzsuey I 0q3uIN
0€°0L Tey3ueyg €9°6S noyzng € 69°¢€8 ue g 8€°L6 nynp €
€168 SurfueN S60L SurfueN 4 S8°L6 Suilieg SEVII SurfueN 4
S1°001 noyzng 91'C8 rey3ueys [ noyzsuey) SE6IT rey3ueys 86°6C1 rey3ueys I 19JoH
69°C¢ reysueys L61S noyzng € 08021 Suiliog 9L001 xXnp €
10°LS noyzng 16°59 reysueys 4 88°¢El reysueys oSzl noyzng 4
61°99 SurfueN 6 SurfueN 1 Suerlueyz L6'IST noyzng P8°THI reySueys I SurfueN
67T Teysueys 11°5C SurfueN ¢ T6°€01 Suilieg ereel oM ¢
cIye Surllog ¥9°G¢ reysueys T or'sel Surluen L61ST Surluen T
ELLL 10JoH 69 19JoH I Sutbuy ¥STS1 TeySueys 96°S81 Tey3ueys I noyzng
L60E Suifieg 69°9¢ reysueys ¢ S6CEl 0q3uIN SEopl NOYZUIM ¢
SS6¢ SurfueN 80°LS 1oJoH 4 1€°6€1 Suilteg 96'TS1 0qSuIN 4
1,708 19JoH OL'TL SurfueN I noyzny) 91°LST Teysueys P TLl Teysueys [ noyzsueH
48743 Surltog ST8y Surfuen € YLl noyz3uey €051 Surllog €
0L'TS TeySueys 9¢'8Y reySueys 4 6L°081 Suilteg ¥STS1 noyzng 4
8€°L6 19JoH or'e6t 19J9H I nynpy 96°S81 noyzng 9I'LG1  noyz3ueHy [ TeySueys
Kynsuadoig Kysuadoig Kynsuadoig Kysuadoig
uoneriw-uy  A)) 90Ino§ uoneiSiu-nQ  AND1e8Ie],  I9pI0 A1) uonerSrw-up AN 90Ino§ uoneiSiw-ing  AND1e8Ie],  I9pi0 Jsite)

19)sN[D UeqQI) BIQ( JOATY 9Z13uex oy} ur sanro jo Juryuer Aysuadoid uoneiSiu uonendod ¢ ajqel

pringer

As



H. Li, Z. Xiao

68

1711 reySueys 0001 Surluen € 1S¥L SurfueN 69°€9 noyzng €
0L'81 Suiliog 8F°€l rey3ueys 4 T09L Tey3ueys 9059 SurfueN 4
LS'09 19JoH 6291 19JoH I SurSuog, €6 noyzng 68°66 reysueys I SuojueN
19°¢1 Tey3ueys 656 SurfueN € 06'€C Tey3ueys 9 ¢ 0q3uIN €
9.91 ue | 0FLI reysueys 4 S6'¢8 0q3uIN 8T'LS reysueys 4
1€°CS 1JoH L8'81 5o I noyzy) £8'88 noyzguey 8L¢8 noyzguey I noyzrey,
¥9'9C 0q3uIN 081 Suiliog € 9L°001 SurfueN 10728 SurfueN €
€5'IE reysueys L6'SY reysueys T 81°CII reysueys SL'06 noyzng T
€€°L01 noyzguey S6'LL  noyz3uey I noyzny ereel noyzng PO'ETT Tey3ueys I XA
65'LT Suifieg 06'CC reysueys ¢ SEHe udyZusyg 80°LE Suifiog ¢
STLE SurfueN €0'9T 1oJoH T ¥¥'9¢ 0qSuIN 7569 reySueys T
YTSL 19JoH 0509 SurfueN [ Ueysueepy LETIT noyzsuey 06701  noyzsuey I enyuif
S8t xnp 001 noyzng € YLYS rey3ueyg veEy noyzng €
£y 6v SurfueN 9I'LS reySueys 4 1'C8 noyzng $9'99 reySueys 4
Kynsuadoig Kynsuadoig Kynsuadoig Kynsuadoig
uoneISiw-uy  A)1) 92mog uopeISiw-ing - AN)108IR],  I1OpIO A1) uoneiStw-up  A)) 920§ uoneISiw-nQg A1) 1081, I1OpIO Jislio)

(ponunuoo) t 3|qey

pringer

As



69

Comparisons and predictions of intercity population migration...

Y011 uayzuays 8'6¢ ueyssuoyzZ €
17121 ueysoq w9 noyzsueno T
€L6el  nmoyzSuenn 6L'89 uayzuayg I feynyz
£1'6¢ ueysoq LS0C ueysoq € CLL ueng3uo( PeETT uayzuayg €
crov udWSuelf or'1y uayzuayg (4 (4400 uayzuayg 1cIet feynyz (4
0€'9L noyz3uenn 6t'St noyz3ueno) 1 Sutboeyz 61'99]  noyz3uenn L7191  noyzSuenon 1 ueysoq
8559 ueng3uo( 9%°0$ uen33uo( € S0°L9 uRySOq 06'6L Teynyz, €
£9°68 noyzsueno 2099 noyzsuens C €6'¢€l  noyzSuenn Tryyl  noyzSuenn C
L8'LY1 usyzusyg LY'TIT uayzuayg I noyziny §soIc usyzusyg TL991 uayzuayg I ueng3uo(
9976 uayzuayg oL uoyzuayg € [4444! ueng3uo( €L'sel feynyz €
5001 ueysoq €18 noyzsueny 4 LT191 ueysoq 61991 ueysoq 4
20911  noyzSuenn 06’18 Teynyz, [ uegsSuoyz 09'T61 uayZuays 1€20T udyZuays [ noyzSuenn
SotS uen3suo( £E0y Teynyz, € 0t'SST Suilteg LY'LYT noyzmy €
S8'HS ueysoq 65°€9 LELFAIETIN 4 TL'991  uen3suoq 09’161  noyzsuenn 4
SO'¥6 noyz3ueny) 9%°06 noyz3uensn) 1 uowuerf 1€20C  noyz3uenn SS01C uen33uoqg 1 uayzuays
Kysuadoig Ansuadoig Kysuadoig Knsuadoig
uonerSrw-up Ay Qoinog uoneirw-inQ AN R8I, I9pIO A1) uoneiSiw-uy - A3 QdIno§  uoneiSiwu-ing AN eSIe],  IepiQ ISiie)

10)sn[D) ueqi() BIQ( JOATY [1ead 9y} ur senid jo Sunjuer Aysuadord uonerSiw uonendod ¢ d|qel

pringer

As



2
g
N
= €LLS uepuey S8e mysSusy €
T 0679 Suifog 6518 Sutfog z
1+'c8  Suenyzerlyg 8¢¥8  Suenyzeiliys I reIsury
08'L¢  Suenyzerliys A ejsury € 69°C¢ ueyssue], €LLS rejsury €
LTTS ueysSue], L6'TT utluery, 4 1€'16  Suenyzeiliyg 7068  Suenyzerliys 4
SI'L8 Suilog 9L Suiliog [ noyerSueyyz 6L'L6 Suilteg LSLOT Suilog I uepueyq
0L'9¢  oepSuenyui) 8L'61 urfuerg, € 11°9¢ urfuery, €L0L  Suenyzeiliys €
€2°0S ueyssuey, 996z Suenyzeilyg z 88y Suenyzeiliyg €006 urfuery, (4
8579 Suiliog 08°LS Suiliog I opsuay) 978 Suiliog 871l Suiliog I ueyssueg,
SL8Y uepuey 9761 urfuery, € 9¢° et ueyssue], ¥6'29 urfuer, €
TC'1s  Suenyzerliys 8%y  Suenyzeiliyg 4 LL'L6  Suenyzerfiyg 6576  Suenyzerliys T
8%°€9 Suiliog 901 Suiliog I myssuey LT901 Suiliog YL OVI Suiliog I Suipoeqg
v6'1%  Suenyzeiliyg €6'g¢  Suenyzeiliys € 7068 uepuey €16 uepueH €
TTES ueyssuey, YTrs urfuery, 4 656 Surpoeg LL'L6 Suipoeg 4
86°LS Sutliog L89L Suiliog I noyzgue) S9'LET Sutliog 0¥ 9r1 Sutliog I Suenyzerliyg
61'Ty  Suenyzerliyg 0L°9C apsuay) € ¢gyL  Suenyzerliyg L§'99 udyZUAYS €
SO0L ueys3uey, 98'LE urfuer], 4 £0°06 ueysSue], 0S'€8 reysueyg 4
S0'88 Suiliog TL6S Sutliog [ oepSuenyuid) S1'80C Suiliog 0T'691 Suiliog I utfuery,
€Svy  Suenyzerliyg 65'1¢  Suenyzerliyg € ov'ovl  Suenyzeliyg 0F'SS1 uoyZuSyg €
S¥'9¢ ueysSue], 8009 urfuer, z €7°0ST TeySueyg 6L081 TeySueyg z
16'96 Suiliog 789¢1 Sutliog I SuejSuer] 0T691 urfluery, S1'80C utfuery, I Sutliog
Kysuadoig Kysuadoig
Knsuadoig uoneigu Kysuadoig uoneignu
uonerdrw-up A1) 90IN0g -nQ A1) 1e8Ie],  I9pIO A1D uoneiSrw-up - A)D 90IN0S -nQ A1) 18R],  I19pIO Jsiie)
19)sn[D ueqin) 10qoy-urfuer]-3urliog ay3 ur senio jo Sunjuer Aysuadord uoner3rw uonendod 9 a|qel
o
~

pringer

As



Comparisons and predictions of intercity population migration... 71

weak. Beijing is the both the main potential destination city and potential city of
origin for other cities in the Beijing-Tianjin-Hebei urban cluster. However, Beijing’s
high level of emigration propensity weaken the net migration propensity between
other cities and Beijing.

3.4 Prediction and comparison of migration propensity in major urban clusters

Markov chains are used to calculate the net migration propensity probability from
2020 to 2030 for each city in the Yangtze River Delta, the Beijing-Tianjin-Hebei
area, and the Pearl River Delta urban cluster; the results are shown in Fig. 2. As a
result of policies to regulate population in megacities and China’s strategy of pro-
moting urban clusters to achieve high-quality development, Beijing will remain
a city with net out-migration propensity in the future, and the growth rate of its
mobile population will slow down significantly. At the same time, Zhuhai, Guang-
zhou, Shenzhen, and other cities in the Pearl River Delta urban cluster will be major
migration destinations in the future, and their mobile populations will grow rapidly.
Moving forward to 2030, Shanghai will remain as a city with strong in-migra-
tion propensity in the Yangtze River Delta urban cluster, but this propensity will
slow over time, as will its population growth. In 2019 Hangzhou was a city with
weak in-migration propensity; however, in the decade that began in 2020, Hang-
zhou will become a city featuring out-migration propensity, which can be attrib-
uted to the great attractiveness of Shanghai. Also of note, Hangzhou’s e-commerce
industry is poised to grow in the future, and this industry tends to attract migra-
tion inflows. Taken together, the attraction of Shanghai and the e-commerce industry
are gradually flattening the range of Hangzhou’s net migration probability, which
stands around -0.005. In recent years, Zhoushan has attracted people’s attention
with construction of the Zhoushan New District and its good environmental qual-
ity, and Zhoushan will have significant in-migration propensity in the future. In the
Yangtze River Delta urban cluster, although the in-migration propensity probabil-
ity of Shanghai has begun to decline, it remains higher than that of other cities in
the cluster. The decline is not only the result of the movement of industrial facili-
ties out of Shanghai and policies to regulate population, but also a product of the
growing development of other cities in the Yangtze River Delta urban cluster due to

0.0159

M 2020 W 2021 W 2022
M 2023 W 2024 W 2025
0010 M 2026 W 2027 W 2028
W 2029 W 2030

0.005

0.000

-0.005 4

-0.010
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I:Net migration propensity type:I1:Balance of migration and emigration propensity type:1II:Net emigration propensity type

Yangtze River Delta Urban Cluster Pearl River Delta Urabn Cluster Beijing-Tianjin-Hebei Urban Cluster

Fig.2 Migration Propensity Probability of Each City in Three Major Urban Clusters from 2020 to 2030
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a national strategy to promote integrated development of this region. Nanjing and
Zhoushan and other cities will become the next group of cities in the Yangtze River
Delta urban cluster full of opportunities with strong migration propensity and grow-
ing mobile population flows in the future. In addition, the Yangtze River Delta urban
cluster will remain at the “hard core” of China’s economic development and will be
the principal destination for population migration in the future.

Results of predictions for net migration propensity probability in the Pearl River
Delta urban cluster show that the in-migration propensities of Zhuhai, Shenzhen,
Guangzhou, Huizhou and Zhongshan will increase significantly from 2020 to
2030, but these will eventually slow and stabilize at fixed values. In these cities, in-
migration propensity is much higher than out-migration propensity. Shenzhen will
become the most attractive city in the Pearl River Delta urban cluster in the future,
followed by Guangzhou and Zhuhai. With their potential to attract migrants, the
future growth rates of these multicultural cities promise to be substantial. Because
highly industrialized Shenzhen and Dongguan have little remaining capacity,
Huizhou, with its unique geographical location and good resources, will become a
key city with growth potential for mobile population in the Pearl River Delta urban
cluster. Zhuhai, Zhongshan, and Jiangmen will develop a joint metropolitan area on
the west bank of the Pearl River estuary, and this will not only divert some popula-
tion from Zhuhai, but also give Zhongshan and Jiangmen more chances to develop.
Zhongshan will become a city with in-migration propensity, and is poised to become
a major in-migration local in the Pearl River Delta urban cluster. Jiangmen is cur-
rently a city with out-migration propensity, but the level of out-migration propen-
sity will decline in the future. Zhaoqing and Dongguan will both maintain a balance
between in-migration and out-migration propensity, and their population growth
rates will remain relatively stable in the future. It is important to note that cities with
in-migration propensity will be compelled to deal with the increasing size of their
migrant populations in the future and will be under pressure to provide adequate
health care, education, social security, and other public service.

In the Beijing-Tianjin-Hebei urban cluster, Beijing is under the pressure to regu-
late its population and reduce congestion and pollution caused by industrial facili-
ties. Beijing’s response to these pressures has resulted a significant decline in Bei-
jing’s in-migration propensity, and the city’s in-migration propensity probability is
now less than its out-migration propensity probability. As a result, Beijing’s mobile
population growth rate will not increase in the future, and the size of the mobile pop-
ulation will remain stable. Furthermore, as Beijing continues to implement meas-
ures to regulate population growth, problems related to the household registration
(hukou) system have become increasingly complex. People are thus less inclined to
move to this region, and most cities of this urban cluster have net out-migration pro-
pensity. Tianjin is the only city in the Beijing-Tianjin-Hebei urban cluster with net
in-migration propensity and a mobile population that will grow in the future. In fact,
because of Beijing’s unique advantages, its in-migration propensity is still higher
than that of other cities in the China, but due to the implementation of policies man-
age population growth, Beijing’s out-migration propensity is greater than its in-
migration propensity, and this obscures the strong propensity to move to Beijing.
As shown in Fig. 2, the out-migration propensity of Cangzhou, Xingtai, Langfang,
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Handan, Baoding, Shijiazhuang, and Tangshan will be sharply higher than their in-
migration propensity in the next 10 years, and this will result in declines in the pro-
portion of mobile population to total population in these cities. The in-migration
and out-migration propensity of Qinhuangdao, Zhangjiakou, Hengshui and Chengde
will remain balanced, indicating that the mobile population growth rate of these cit-
ies will not change significantly in the future. In addition, the capacity of Beijing-
Tianjin-Hebei urban cluster to bear increased mobile population will remain inferior
to that of the Yangtze River Delta and the Pearl River Delta urban clusters.

4 Conclusion and discussion

The development of the Internet and big data have made it possible to study popu-
lation migration and flow between cities. After constructing population migration
propensity indicators based on data about the search behavior of internet users, this
study analyzed the probability and direction of population migration propensity for
China’s three major urban clusters and predicted the probability of the population
migration propensity, using Markov chains to assess the intercity population migra-
tion trends of urban clusters in the future. Our conclusions are as follows:

1. Currently, although the Yangtze River Delta, the Pearl River Delta and Beijing-
Tianjin-Hebei urban clusters are major migration destinations, population migra-
tion propensity varies widely among the individual cities that make up these
clusters. For numerous reasons, including efforts to regulate population growth,
policies to upgrade and relocate industrial facilities in megacities, plans promot-
ing integration of the Yangtze River Delta area, and the continuing development
of the Pearl River Delta and Beijing-Tianjin-Hebei areas, Beijing has become a
city with net migration propensity while Shanghai’s in-migration propensity is
declining and the increase of Guangzhou’s population migration propensity has
slowed. At the same time, cities near these three megacities have gained develop-
ment opportunities, and some of these cities are experiencing higher in-migration
propensity owing to significant achievements in the integration and coordinated
development of urban clusters.

2. To promote the coordinated development of the Beijing-Tianjin-Hebei region,
the integrated development of the Yangtze River Delta and the continuing devel-
opment of the Pearl River Delta, cities within the urban clusters will be the
main destinations of future migration. Moving forward, Shanghai, Nanjing and
Zhoushan in the Yangtze River Delta urban cluster, Zhuhai, Shenzhen, Guang-
zhou, Huizhou and Zhongshan in the Pearl River Delta urban cluster, and Tianjin
in the Beijing-Tianjin-Hebei urban cluster will become major destinations of
China’s population migration.

3. The active in-migration and out-migration propensities of the Pearl River Delta
and Yangtze River Delta urban clusters show these urban clusters will continue
to be areas with active population migration. Migration propensity in the Beijing-
Tianjin-Hebei urban cluster is mainly a result of the flow between Beijing and
other cities, and this propensity is much lower than those of Yangtze River Delta
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and the Pearl River Delta urban clusters. This suggests that although Beijing and
other cities in the Beijing-Tianjin-Hebei urban cluster are physically closer than
cities in the other two urban clusters, their migration propensities are not highly
correlated.

Using Internet big data, this study revealed the probability of intercity popula-
tion migration flow in China by analyzing the migration propensity of populations
in urban clusters. This analysis facilitates understanding of the scale and trends of
population movements in cities and supports the formulation of policies promoting
the high-quality development of urban clusters. It should be noted that the enor-
mous volume of Internet big data has provided an opportunity for this paper to simu-
late population migration flow between cities. However, because this study is based
on assumptions about the proportion and information dissemination preferences of
Internet users, the possibility of deviations brought by these assumptions is some-
thing that needs to be explored in more detail, many factors such as relationship
between migration and development are not included in the analysis. Compared with
traditional demographic research focused on inter-provincial migration, use of simu-
lations of Baidu index big data, which is rarely considered by traditional studies,
allows this paper break new ground in its effort to study current migration paths for
population movements between cities, and to calculate the probability and develop-
ment of migration propensity between cities in the future.
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