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Abstract: The economic benefits of rail development are well researched, but the social effects of
rail are largely understudied, especially in China. We analyze the association between educational
attainment level and urban rail development using the 2000 and 2010 census data from Central
Guangzhou, China, and a linear mixed-effects modeling approach. Our results indicate that the
change in education level is greater in rail neighborhoods than in non-rail neighborhoods in the
central area of Guangzhou, and that the rail/metro-induced effect on educational attainment level is
evidenced. This research contributes to the existing literature by exploring a new method for this line
of research and providing empirical evidence of social changes in a city that has experienced rapid
economic growth and pioneered rail development in China, a developing country. The limitations
and implications of the research are discussed.

Keywords: TOD; transit/metro-induced gentrification; education effect of urban rail; linear mixed-
effects model; Guangzhou; China

1. Introduction

The urban rail system has played an important role in urban traffic system and has
reshaped urban developments by expanding urban scale, updating urban functions, chang-
ing land-use patterns, increasing land value, improving human settlement, reducing energy
and carbon dioxide emissions, and promoting urban renewal or urban regeneration [1–4].
As of 2018, there were a total of 26,900 rail stations and 26,100 km of rail lanes in 493 cities
around the world [5]. Many city governments have also implemented transit-oriented
developments (TOD) around rail stations. Common TOD characteristics are high den-
sity and mixed-use developments that are integrated with commercial, tourism, sports,
education, residence and other developments [6]. The widespread TODs have changed
urban built environment around rail stations, as old residential areas, businesses, and
abandoned factories are replaced by new uses. By improving the surrounding environment
and accessibility, many areas around the rail stations have experienced an increase in job
opportunities and regional amenities. As a result, an increasing number of residents from
upper socio-economic classes, especially those with higher education levels and more dis-
posable income, choose to live near the rail stations [7–10]. Scholars term these phenomena
as TOD-induced or transit/Metro-induced gentrification [7,11–13].

China has experienced tremendous development during the last few decades. Urban
population and urban land use had expanded about 4 and 8 times, respectively, from
1980 to 2018. An increasing number of Chinese cities built their rail systems to meet the
increasing transport, housing and other demands associated with rapid urban growth and
to maintain urban sustainability. It is reported that more than 43 cities owned rail systems
and more than 30 cities planned to build a metro system in 2019 [14,15]. Most Chinese
cities have implemented the TOD model in their rail system design. It is believed that
TOD development can not only reduce urban traffic congestion, but also promote real
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estate development and bring large revenues growth for local governments, which are
critical to maintaining urban sustainability [16,17]. The urban built environment and socio-
economic composition in neighborhoods near rail stations have changed [18]. However,
studies of TODs in Chinese cities have largely focused on the physical, economical, and
environmental effects but less on social effects. Using Guangzhou, one of the largest cities
with a major metro system located in the south of China, as a case study, this study examines
if metro/rail-induced educational change occurs in the city using a linear mixed-effects
modeling approach as well as the 2000 and 2010 census data of Guangzhou. We contribute
to the existing literature by exploring a new method for this line of research and providing
empirical evidence of metro/rail-induced social effects in a city that is one of the few
pioneers in rail development in China.

In the following, we briefly review the studies on rail/metro-induced effects in China.
Following the description of our research design, we present our research results. We
conclude the paper with a discussion of the research implications and limitations.

2. Chinese Urban Rail Development, Effects, and Studies
2.1. Definitions of Gentrification

The term gentrification was originally used to describe the influx of gentry in lower-
income neighborhoods in London during the 1950s and 1960s [19]. Today, the meaning of
gentrification has been enriched and broadened to describe the diverse forms and processes
based on different economic, political, and geographical circumstances from a sustainabil-
ity’s perspective. Contemporary studies use the term to illustrate the spatial transformation
phenomenon of the old and broken central areas into new commercial, official, or other uses
with higher values and, simultaneously, the social process of residential neighborhoods
with low-income, disadvantaged social groups being replaced by affluent classes [13,20,21].

A number of researchers use “cultural gentrification” for the phenomenon of new
residents or visitors with higher education or socio-economic status being attracted by
new cultural facilities such as flagship developments [22,23], sports arenas [24], convention
centers [25] and office complexes [26]. Others consider changes in the commercial envi-
ronment of neighborhoods as “commercial and retail gentrification” [27,28]. Scholars also
note that once operated, lands located close to metro stations tend to have a much higher
probability of redevelopment than lands located farther away [29]. They term this type of
change “transit- or metro-induced gentrification” [12,30–34].

2.2. Urban Rail Development in China

Metro/rail-induced effects are relatively new phenomena in Chinese cities. Com-
pared to western cities, such effects are driven by government-led urban developments.
Government power, in combination with market forces, has been the main force behind
the urbanization and city rail developments in China, and has shaped Chinese social and
spatial stratification [21,35,36]. Studies have argued that China’s urbanization has been
motivated by land development and land finance, which has become a much easier and
quicker source for local governments. Land revenues account for about 51% of the over-
all government revenue in many Chinese cities [37]. Consequently, land-centered urban
policies including rail and TOD developments have been one prominent force behind the
spectacular expansion of Chinese cities since the mid-1990s [38].

In the last several decades, Chinese governments have invested significant resources
in urban rail systems. As of 2017, China owns four of the top 10 longest urban rail
systems in the world [39]. Many cities have also promoted transit-oriented-developments
(TOD) around urban rail stations. For example, Guangzhou planned to increase the
rate of commute by public transport to 75% through the metro system [40]. As the main
government-led urban developments, urban rail system and TODs have played a significant
role in shaping the spatial distributions of urban demographic, social, and economic
activities, as well as the built environment in Chinese cities. Particularly, metro/rail-
induced social effects are often seen as a process accompanying government-led urban
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renewal, whereby vulnerable households are removed or relocated from prime locations of
the city to make residential and/or consumption space for the new rich. The sociocultural
change in the Chinese urban context is evidenced by the strengthened market mechanism
in housing distribution, though the overall housing conditions are improved [21,36,41].

2.3. Studies of Rail/Metro-Induced Effects in China

An increasing number of studies have begun to focus on the impacts of rail systems and
TODs in China in recent years. However, most of the studies focus mainly on travel patterns
or traffic effects, housing prices and land values, as well as land-use or environmental issues.
Fewer studies consider the social effects of city rail systems. Studies on the traffic effects of
the Chinese city rail systems generally indicate that the urban rail systems have positive
influences on travel behavior and transport accessibility. In most Chinese mega-cities
(e.g., Beijing, Shanghai and Guangzhou), rail systems have largely expanded residents’
travel range and shortened travel time, and thus became an efficient mechanism in urban
commuting. Urban rail systems have also increased job and residential accessibility [42,43].
Studies of rail travel pattern indicate that there has been a significant increase in commute
passenger flow between central area and peripheral area [44]. Factors such as CBD location,
commercial land use, residential land use, the number of entrances or exits, and walking
accessibility from job or residential locations to rail stations all affect transit ridership [45].
The rail impacts on travel have implications for air quality, especially when old and high
emission vehicles are widely used or when cars are a major source of air pollution.

Studies on the economic effects of the rail system in China by and large conclude that
construction of the new metro significantly increases land prices and changes the land-use
structure. For example, Liu and Feng (2009) evaluated the land-use structure around five
rail/metro stations before and after metro construction in Shenzhen [46]. Their study
showed that land use tended to be comprehensive as transport accessibility improved
around metro stations. Such findings are supported by recent studies in Zhengzhou,
Guangzhou and Wuhan [47–49]. On the other hand, a study of Beijing by Zhao et al. (2018)
indicated that, while land deals are associated with metro development, there is no clear
relationship between metro development and land-use types or land intensification [50].

Studies also found that land price and housing value around rail stations or along rail
corridors increased in many cities, though the intensity varied in different locations and
at different stages of rail planning, construction, and operation [47–49,51–53]. Studies of
commercial developments indicated that urban rail generally accelerated developments
around transfer stations and in central business districts [54–61]. Commercial land and
new towns expanded radially, along with metro corridors and stations [58,59].

Despite this awareness, fewer studies have focused on the social effects of the Chinese
rail system. Studies of social effects are mostly descriptive. For example, several studies
have noted that rail systems were designed to solve the job–housing balance in many
Chinese cities [60]. Others highlighted that people with a stable job, aged between 20 and
40 and in middle- or low-income groups, tended to use the rail system more than other
groups, and that employees near metro stations mainly worked in IT, finance and general
office jobs, of which the proportion of employees with a bachelor’s degree or above was
close to 63% [61,62]. Another report based on Baidu Smarteye big data showed that the M5
metro line in Tianjin had attracted young, white-collar, and high-income population people.
Between December 2018 and June 2019, the population growth rate along the corridor was
higher than the city average. About 74% of the population along the corridor were 44 and
younger. The income level and vehicle ownership of the rail riders were lower than the
averages of the population living along the corridor. The proportion of rail riders who were
engaged on technology activities was lower than those living along the corridor, while
the proportion of rail riders who were self-employed was higher that the portion of those
living along the corridor [63].

Using a hedonic model and data from Beijing in 2007 and 2010, Zheng and Kahn (2013)
found that land prices near public infrastructure are higher than those further away [18].
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Their results of parsimonious regression models also indicate that education attainment
and income levels at the zonal level are higher in areas close to Olympic Park and new
subway stops than other areas. These studies suggest that demographic and social changes
may have occurred around rail stations or along metro line corridors in Chinese cities, as
people with higher education, younger, and stable occupations tend to gather around rail
stations. However, some of these studies are descriptive. The studies of social effects of
rail/metro are largely limited in number and scope.

In sum, along with the rapid development of the Chinese city rail systems, the urban
socio-economic structure has experienced dramatic changes. However, current studies
focus more on the traffic and economic effects of urban rail systems in China and pay less
attention to the social effects. Although a number of studies have shown the sociodemo-
graphic characteristics in areas around rail systems in many Chinese cities, there is a lack
of empirical studies on the possible rail/metro-induced social effects in China. This study
attempts to fill this void with a focus on education change.

3. Research Design

The literature on the rail/metro-induced effects has suggested that the socially and
economically disadvantaged population are likely to be pushed out and replaced by the
dominant race/ethnicity, well-educated, and the wealthier groups in neighborhoods with
good or improved access to transportation, amenities convenient for daily life, and new
housing due to rising housing prices and unaffordability. This research, by and large,
follows this conventional wisdom.

3.1. Research Scope

This study covers the Guangzhou Central City area, as shown in Figure 1, excluding
the neighborhoods that are occupied by public facilities or designated as public spaces
with no residents (e.g., Pearl River, and Baiyun Mountain), as well as those with no data.
The unit of analysis is “neighborhood unit”, referred to in Chinese as Jü Uai Huai (居委会 )
as defined by the Guangzhou municipal, China. A Jü Uai Huai is the basic autonomous
organization of self-management, self-education, and self-service by local residents. The
population size of a Jü Uai Huai in high-density, well-developed large or medium-sized
cities is about 4000~5000 [64], which is somewhat similar to the average size of census tract
in the United States. The 2000 and 2010 census data are the most recent data at the Jü Uai
Huai level in central area of Guangzhou, the Chinese seventh census data in 2020 were not
available for public use at the time this research commenced. In addition, the majority of
the rail stations are in the central area. Such data limitations dictate the scope of this study.

The total sample size for this research is 2375 Jü Uai Huai in the study area
(Figure 1). The study area is the most densely populated and economically dynamic
area of Guangzhou, with a total population of 6.9851 million according to the 2010 census,
which accounts for about 48% of the entire city, including all suburban counties. The Jü Uai
Huai in the study area range from the minimum of 0.015 km2 to the maximum of 9.57 km2,
with an average of 0.49 km2 each. Eighty Jü Uai Huai in the study area have rail stations, of
which 16 Jü Uai Huai had rail stations prior to 2000.
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3.2. Analysis Approach

We first tested the differences in sociodemographic characteristics between 2000 and
2010 by t-test. To further investigate the differences and control for other confounding
factors, we adopted a Linear Mixed-Effects regression model for this study and compare
the results with the conventional Ordinary Least Square (OLS) modeling technique.

As noted earlier, this research focuses on the rail/metro-induced social effects using
the census data in 2000 and 2010 for the study area. The key interest is the “rail” effect, and
it involves data at two points in time, which presents the issues of repeated measurements
and data dependency. The mixed-effects model is more efficient for the research due
to a number of reasons. First, the mixed-effects model allows for data dependency and
can handle endogeneity or interdependency, making it suitable for the data in this study.
Second, it has the option of applying maximum likelihood (ML) or restricted maximum
likelihood (RMLE) estimation. This option is plausible as “ML and RMLE methods . . .
give asymptotically efficient estimates for unbalanced as well as balanced designs” [65]
(p. 32). Third, compared to the fixed- and the random-effects modeling approaches, the
mixed-effects model has the advantage of taking both fixed and random effects and other
potentially relevant covariates into account and “bringing all these kinds of longitudinal
effects straightforwardly into the statistical model” [66]. The model produces both fixed-
and random-effects parameters. A general model specification of a linear mixed model
(LMM), according to Cameron and Trivedi [67], is illustrated in Equation (1):

Yit = αi + xit′βi + εit (1)

where x′it is the vector of regressors, (αi β′i)′~(β, ∑), εit is an idiosyncratic error.
In this research, social effect was measured by the percentage of the population with a

bachelor’s or higher education degree rather than a measure of the race/ethnicity composi-
tion used in case studies in the United States. There are two main reasons for choosing this
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as the measurement of social effect. Unlike the United States, where the population consists
of people with diverse cultural backgrounds and from various race/ethnic groups, the
majority of the population in China is Han. There is very little diversity of race/ethnicity in
China. Income would have been a good measure of class in this line of research. However,
income data were not available at the Jü Uai Huai level. Since income in general is highly
correlated with education level and data were readily available, we used education as a
proxy for income.

Following the conventional wisdom on rail/metro-induced effects, we hypothesized
that neighborhoods with rail stations, on average, would have a higher percentage of
the population with a bachelor’s or higher degrees than other neighborhoods due to
their financial ability to purchase higher priced housing near rail stations, controlling for
other sociodemographic, real estate development and time factors. The key independent
variables, “rail station” and “year”, which capture the difference between rail and non-
rail neighborhoods and change over time, as well as other controlling variables and the
expected relationships to the dependent variable, are listed in Table 1. Neighborhoods with
rail stations are coded as 1, others as 0. Similarly, the year 2010 is coded as 1, year 2000 as 0.
Other variables are all in the percentage of the total in a neighborhood.

Table 1. Description of independent variables.

Variables Description Expected Relationship

Key Variable
Rail station Yes = 1, Else = 0 +

Sociodemographic Variables
Immigrants Population without formal residential certificates −

Aged population Population aged 65 and above −
Labor force Population aged between 18 and 64 +

Research and technology Population engaged/employed in research and
technology activities +

Agriculture and manufactory Population engaged/employed in agriculture and
manufactory activities −

Real Estate Development
Buy commercial housing Owned housing units bought from commercial housing +
Low price rent housing Rent housing units −

Housing 2000 Housing units built in 2000 and later +

Time
Year Year 2010 = 1; Year 2000 = 0 +

4. Results

In this section, we first present the results of changes in all neighborhoods in the study
area between 2000 and 2010, followed by the results of changes in neighborhoods with rail
stations. The model results are discussed at the end of the section.

4.1. Urban Development between 2000 and 2010

Like many cities in China, Guangzhou as a whole had experienced rapid population
growth, from 9,943,000 in 2000 to 12,700,800 in 2010. The growth rate was about 28%, which
ranked right after the top ten cities with the highest growth rate in China. Although lower
than the growth in Guangzhou as a whole, the central city of Guangzhou in our study
experienced about a 21% growth in population between 2000 and 2010. The population
growth was significant, as it was higher than many cities in China [68,69].

Neighborhood demographic and economic characteristics in the central city also
changed significantly, as shown in Table 2. The percentage of immigrants in the study
area actually declined from slightly over 49% in 2000 to less than 48% in 2010. This trend
is similar to that in other Chinese mega-cities. For example, in Beijing, the large-scale
transformation of the old city that started in the 1990s accelerated the migration of the
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inner-city population to the Fourth Ring Road and beyond. While overall population in the
city increased from 2000 to 2010, the immigrant increases in outside areas were higher than
those in the core area of Beijing [70]. The percentage of immigrants in the core area within
the Fourth Ring Road decreased from about 39% in 2000 to about 27% in 2010, while the
percentage in the area between the Fourth and Sixth Ring Road increased from about 46%
in 2000 to about 57% in 2010 [71].

Table 2. Comparisons in development indicators between rail neighborhoods and all neighborhoods
in Central Guangzhou, from 2000 to 2010.

Variables All Neighborhoods Rail Neighborhoods Difference
(%) 2000 2010 Sig. 2000 2010 Sig. All Rail Ratio

Demographic

Immigrants 49.19 47.71 0.098 51.85 47.44 0.174 −1.48 −4.41 0.34

Aged population 7.13 8.95 0.000 6.18 8.39 0.001 1.82 2.21 0.82

Labor force 79.83 77.1 0.000 80.85 76.82 0.000 −2.73 −4.03 0.68

Education

College+ 14.95 25.41 0.000 16.89 30.23 0.000 10.46 13.34 0.78

Industrial structure

Research & technology 1.49 4.6 0.000 1.83 4.84 0.000 3.11 3.01 1.03

Agriculture & manufactory 30.27 19.04 0.000 29.43 18.56 0.000 −11.23 −10.87 1.03

Real estate development

Buy commercial housing 13.51 42.06 0.000 13.22 43.82 0.000 28.55 30.6 0.93

Low price rent housing 40.37 47.51 0.000 38.47 43.5 0.254 7.14 5.03 1.42

Housing units built in 2000 & later 53.53 65.73 0.000 57.17 72.9 0.000 12.2 15.73 0.78

N 2375 80

Population aged in the study period and labor force in the study area decreased as
shown in Table 2. For example, the percentage of the population aged 65 and over in all
neighborhoods, on average, grew from about 7% in 2000 to almost about 9% in 2010. On
the other hand, there was a decrease in the percentage of the population in the labor force,
from about 80% in 2000 to about 77% in 2010. On the other hand, education levels also
increased, as the average percentage of the population with a college or higher degree
among all neighborhoods in the study area changed from about 15% in 2000 to 25% in
2010. Industrial makeup also became less labor-intensive and more intellectually focused.
For example, the percentage of the population engaged in agriculture and manufacturing
decreased from about 30% in 2000 to 19% in 2010, while the percentage of the population
engaged in research and technology activities tripled during the same period. Housing
had become more commercialized, as the percentage of households owning commercial
housing in 2010 increased to more than double the percentage in 2000. In comparison,
low-price rental housing only increased by about 7%. Residential housing construction
continued to increase, as the percentage of housing units built in 2000 and later increased
from about 54% to about 66% during the same period. All the changes, except for the
change in immigrants, are statistically significant at the 0.0001 level.

4.2. Developments around Rail Stations between 2000 and 2010

Overall, the changes in rail neighborhoods are similar to the changes in all neighbor-
hoods in the study area (referred to as citywide hereinafter) with different magnitudes and
some exceptions (Table 2). Similar to citywide changes, while the average percentage of
immigrants in rail neighborhoods decreased from 52% in year 2000 to about 47% in 2010,
the difference is insignificant at the 0.05 level. The statistics in Table 2 also illustrate the
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phenomena of significant changes in the aging population, reductions in the percentage of
the population in the labor force, and agriculture and manufactory activities. Moreover,
the statistics show increases in education level, new building construction, and commercial
housing purchases. These changes, except for the change in low-priced rental housing
between 2000 and 2010 in rail neighborhoods, are significant at the 0.0001 level or better.

However, the population in rail neighborhoods is, on average, younger and more
educated compared to the population citywide in both years. The average percent of new
housing units in rail neighborhoods was also higher than the citywide percent. On the
other hand, the average percentage of low-price rental housing in rail neighborhoods was
lower than the citywide average. These changes are shown in the last three columns in
Table 2, both in terms of difference and ratio. The results suggest that rail neighborhoods
experienced changes that are somewhat different from all neighborhoods in our study area.

4.3. Social Change in Neighborhoods with Easy Access to Rail Transit

Are the changes, especially education changes, between 2000 and 2010 in rail neigh-
borhoods significantly different from the overall changes in the study area? Could the
developments around rail stations be attributed to the change in education attainment level?
To further investigate the possible rail/metro-induced social effects, we first examined the
correlations among all variables, then developed models for testing. Table 3 shows the
Pearson’s correlation coefficients and significance levels among the variables. As expected,
the pairwise correlation between education and variable such as immigrants, research and
technology, commercial housing, low-price rental housing, and new construction variables
are significant at the 0.001 level. While the correlations between education and age and
labor are statistically significant at the 0.001 level, the relationship signs are not as expected.
Most importantly, the correlation analysis indicates that the age variable is highly correlated
with the immigrant and labor variables; hence, it was excluded from the modeling analyses.

Table 3. Correlation coefficients among variables.

PctCollege+ PctAgedPop PctMigrant PctLabor PctRes Tech PctAgr
Manuf PctBuyCom PctLow

PriceRent PctBuilt10

PctCollege+ 1
PctAgedPop 0.076 *** 1
PctMigrant −0.1803 *** −0.8174 *** 1
PctLabor −0.0926 *** −0.807 *** 0.6661 *** 1

PctResTech 0.5866 *** 0.2117 *** −0.2514 *** −0.1986 *** 1
PctAgr Manuf −0.4708 *** −0.4960 *** 0.4340 *** 0.4162 *** −0.3911 *** 1

PctBuyCom 0.3792 *** 0.0119 0.1398 *** −0.1212 *** 0.3240 *** −0.2830 *** 1
PctLowPriceRent −0.2052 *** 0.2700 *** −0.2939 *** −0.1889 *** −0.0717 *** 0.0552 ** −0.3332 *** 1

PctBuilt10 0.1484 *** −0.6046 *** 0.6400 *** 0.3700 *** 0.0460 *** 0.2508 *** 0.4401 *** −0.3126 *** 1

** p ≤ 0.01 *** p ≤ 0.001.

We first tested the mixed-effects model that includes all the variables listed in Table 1,
except for the age variable, due to collinearity. We also ran a conventional Ordinary Least
Square (OLS) model with the variables corresponding to model one in order to compare
the results and model efficiency. The model results are presented in Table 4.

The Akaike’s Information Criterion (AIC) statistics indicate that the mixed-effects
model is more efficient than the OLS model. The results indicate that both models exhibit
consistent results. The relationships between the dependent variable and all independent
variables are in line with the hypotheses. Most variables are statistically significant at the
0.05 or higher levels. The results also indicate that the coefficients of the OLS model are
mostly greater than the coefficients of the mixed-effects model, except for the key variables
of location and time, which suggests that the OLS model may overestimate the effects of
most control variables while underestimate the effects of the location and time variables.
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Table 4. Model results.

Variables OLS Mixed-Effects

PctLabor 0.6411 *** 0.5484 ***
PctMigrant −0.1991 *** −0.1824 ***
PctResTech 1.4757 *** 1.3592 ***

PctAgrManuf −0.2554 *** −0.2470 ***
PctLowPriceRent −0.0821 *** −0.0771 ***

PctBuyCom 0.0209 0.0304 **
PctBuilt10 0.1266 *** 0.1178 ***

Rail Station 2.017 * 2.1756 *
Year 2.7546 *** 7.7650 ***

Intercept −24.6379 *** −17.9913 ***
Random Effects

var (_cons) 25.1508
var (Residual) 89.3755
Adjusted-R2 0.51

Wald χ2 2324.98 ***
Log likelihood −8970.4962

AIC 18,008.27 17,964.99
N 2375 2375

* p ≤ 0.05 ** p ≤ 0.01 *** p ≤ 0.001.

Overall, the variables measuring labor force, research and technology sector employ-
ment, commercialized housing and newly built housings are positively related to the
dependent variable, while variables measuring immigrants, population engaging in agri-
culture and manufactory activities, and low-price renting are negatively associated with
the dependent variable. Specifically, as seen in the mixed-effects interaction model, the
coefficient for the percentage of labor force is about 0.55, meaning that, all else being equal,
a 1% increase in labor force is associated with about 0.55% increase in the percentage of
the population with college and higher degrees. Similarly, a 1% increase in migration
population is associated with about 0.18% decrease in population with high education
levels, controlling for the effects of other variables. All else being equal, a 1% increase in
the percentage of population engaging in research technologies is associated with about a
1.36% increase in the percentage of the population with college-level and higher degrees.
On the other hand, a 1% increase in the percentage of population engaging in agriculture
and manufactory activities is associated with about a 0.25% decrease in the percentage of
the population with college-level and higher degrees. The coefficients for those variables
measuring housing are −0.08 for percentage low-price rent, 0.03 for percentage house-
holds buying commercial housing, and 0.12 for percentage living in newly built housing
after 2010, as seen in Table 4, and their associations with the dependent variable can be
interpreted accordingly.

All else being equal, the time variable is significantly positively associated with the
dependent variable at the 0.001 level. Specifically, the results of the mixed-effects model
indicate that controlling for the effects of other variables, the percent of population with
college or higher degrees in year 2010 was about 7.8% higher than the one in 2000, all else
being equal. Similarly, the effect of rail variable is significant at the 0.05 level, indicating
that rail neighborhoods on average had about 2.2% of the population with college or
beyond more than the percentage in other neighborhoods after controlling for other and
the unobserved effects. This result reaffirms the observation from the descriptive analysis.

5. Summary and Discussions

We conducted an empirical study of metro/rail-induced social changes in Guangzhou,
China, a city that has experienced quick city rail system development, but its social ef-
fects have not been fully investigated in previous studies. We found that, overall, socio-
demographic, industrial structure and real estate development in Guangzhou experienced
significant changes between 2000 and 2010. Specifically, the population aged, education



Sustainability 2022, 14, 13743 10 of 13

levels increased, the industrial structure moved towards research and technology and away
from agriculture and manufactory, and the percentage of households living in commercial
housing and low-price rental housing increased. Meanwhile, new housing development
continued. On the other hand, the percentage of immigrants and the labor force decreased
during the study period. All changes, except for the change in immigrants, are statisti-
cally significant at the 0.001 level. The changes in the rail neighborhoods between 2000
and 2010 by and large followed the same trends as those in the study area overall, with
different magnitudes. However, the change in low-price rental housing was not statistically
significant at the 0.05 level.

Our model results indicate that controlling for labor, migration, industrial structure,
as well as real estate developments, neighborhoods with rail stations experienced a higher
increase in the population with college or higher education degrees than in other neighbor-
hoods. The findings of upward changes in the sociodemographic structure in rail station
neighborhoods from this study likely suggest a metro/rail-induced social effect in the
Guangzhou urban central area. The results are similar to the result in Beijing, as shown in
the study by Zheng and Kahn [18].

There are two main reasons for these results. On one hand, new people with higher
education degrees moved into areas with easy access to rail because individuals in this
group usually have an official or business occupation. The workplaces of offices or busi-
nesses are mostly located in the central area, where parking spaces are limited and the cost
of parking is high. For example, the floor-areas of A-class office buildings in the central
business district (CBD) accounted for more than 90% of the total office buildings with
the same class, while parking space was only about 54% of the total in 2018. The highest
parking fee in the CBD was 328 RMB/Day compared to 26 RMB/Day in other areas [72].
Additionally, the city government encouraged railway travel for low-carbon purposes.
Hence, rail provides a convenient, fast, and cheap mode of travel. Close proximity to rail
transit is, therefore, a desired feature that drives up housing costs near rail stations. In
addition, this group of individuals can afford the newer housing with higher purchasing or
rent prices. Together, these forces lead to changes in education level near rail stations, as
described in the rail/metro-induced gentrification theory.

The results may signal a possible limitation in current planning practices and policies
that focus on land-use-driven finance. Planners and policymakers at least need to be
mindful of the potential social effects when planning for new rail developments and the
revitalization of neighborhoods around rail stations or along rail lines in the near future.

We contribute to the literature with new empirical evidence on the social effect in
terms of education level and by employing a modeling technique that has not been used in
this line of research before. As demonstrated above, this study is based on secondary data
from the Chinese census in 2000 and 2010 due to data constraints. The conclusions require
further validation with newer and more complete data. There are opportunities to explore
other methods and modeling techniques, such as Difference-in-Difference (DID), in this
line of research [73]. It should also be noted that the political and economic context for this
case study is unique. Many other forces, such as public policies, administrative regulations,
registration restrictions, market mechanisms, etc., also play key roles in shaping urban
and infrastructure developments and the spatial distributions of population and economic
activities. The extents of these impacts vary from one factor to another. Future studies
could further the investigation when these data are available.
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