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Abstract: The rapid expansion of the high-speed railway (HSR) network in China has significantly
shortened the space–time distance between cities. China is striving to enter an anti-poverty era,
which is increasing the importance of research on the poverty reduction effect created by upgrading
transportation infrastructure, in particular, HSR development. Describing the characteristics of
accessibility and the mechanisms by which that accessibility reduces poverty could provide the
insights needed for determining suitable anti-poverty paths. By using data for 2341 counties and
equivalents in China during 2007–2018, this study analyses the railway accessibility improvements
and the poverty reduction effect created by HSR development. On average, HSR in China contributed
to a significant increase in potential economic accessibility (317.8%) and a decrease in weighted
average travel time (39.9%) for counties. Based on accessibility calculations, the Theil index was
used to measure the disparity level of regional accessibility and regional poverty measured based
on the income of rural residents. The results indicate that HSR leads to an increase in inequality
in terms of travel time and potential economic accessibility at a national level. Pearson coefficients
reveal a strong correlation between disparities in accessibility and in rural income among provinces.
Furthermore, using the full sample, and sub-samples of poor and non-poor counties in China, the
association between regional accessibility and poverty was examined by using two-way fixed effect
models and spatial econometric models. The estimated results show that a 1% improvement in
potential economic accessibility leads to an aggregate rural income improvement of 0.03–0.17%;
the ratio of rural income to urban income increases by 0.04–0.12% and a larger effect is observed
in poor counties. The weighted average travel time reduction also leads to improvement in rural
income and reduction in the urban–rural income gap. The empirical results obtained by different
robust test methods, including different sample groups, different estimated methods and accessibility
indicators, are shown to be robust. These findings can help transportation departments formulate
poverty-alleviation-oriented transportation planning and investment policies and inform future
policies for countries planning to construct HSRs.

Keywords: accessibility; high-speed-railway; poverty reduction; rural income

1. Introduction

In 2015, the United Nations released the 2030 Agenda for Sustainable Development,
including 17 Sustainable Development Goals (SDGs), which were divided into 169 specific
targets. The agenda stressed that integrated and systematic strategies should be adopted to
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achieve sustainable development within 15 years, and the three dimensions of sustainable
development, economy, society and environment, should be balanced [1]. Eradication of
poverty is the greatest global challenge and an indispensable requirement for sustainable
development. Notably, poverty is closely related to social inequality. The first and tenth
goals of the SDGs aim to “end poverty in all its forms everywhere” and “reduce inequality
within and among countries”. In general, transportation is a significant factor in poverty
reduction [2] and development of transportation can help to increase incomes for poverty-
stricken people by increasing accessibility and economic efficiency [2,3]. Notably, both
direct and indirect effects are encountered on poverty reduction. Based on this, Gannon
and Liu [2] and Njenga and Davis [3] classified transport development projects into the
following three categories: (1) projects that primarily focus on poverty, (2) projects primarily
oriented toward efficiency and economic growth, and (3) efficiency- and growth-oriented
projects with components that focus on poverty. Efficiency- and growth-oriented transport
projects are more common in national planning and are macro in nature, typically including
highway or railway projects.

The macro-socioeconomic impact of China’s high-speed railway (HSR) development
is of particular interest because of its large scale and rapid development speed. In recent
years, extensive research efforts have been devoted to study the macroeconomic effects of
HSR development, with the objective of supporting rational comprehensive transportation
planning nationwide, formulating scientific transportation investment policies and guiding
regional sustainable development. Relevant studies have focused on improving accessibil-
ity [4–6], economic growth [7,8], regional disparity [7,9–12], urban expansion [13], industry
structure [14–16] and social equality [17]. In comparison, the impact of HSR development
on poverty-stricken areas and poverty reduction has rarely been investigated to date [18,19].
Therefore, to bridge the knowledge gap as to whether HSR operation can affect the welfare
of poor areas and rural residents is highly desirable.

Regional poverty is serious in China [20,21]. Specific geographic regions, such as
832 national poverty-stricken counties and 14 contiguous poverty-stricken areas, exhibit an
exceptionally high incidence of poverty due to the poor natural environment, lack of basic
infrastructure, insufficient circulation of labor, etc. Among contiguous poverty-stricken
areas, due to lack of natural resources and production factors, the rocky desertification
areas of Yunnan, Guangxi, and Guizhou and Wumeng mountainous area suffer severe
poverty, with 6.85 million and 6.64 million poverty-stricken inhabitants in 2018, respectively.
In addition, in Wuling, Qinba, Dabie and Liupan mountainous areas, and border areas
of western Yunnan, there are 6.71 million, 6.84 million, 5.66 million, 5.32 million, and
3.35 million inhabitants living below the poverty line in 2018, respectively. The exploitation
of natural resources in these areas is insufficient due to the lack of infrastructure. Subject
to the urban–rural dual structure in developing countries, rural residents in poor areas
in China face more severe social exploitation. Since 2013, under the guidance of the
“Poverty Alleviation and Development Program (2011–2020),” the Chinese government
has identified targeted poverty alleviation (TPA) as an important national development
strategy. One goal of TPA focuses on improving the well-being of poverty-stricken regions.
Identification of poverty-stricken regions, specifically poor counties in China, is mostly
based on the income of rural residents [20]. To improve these income levels, one path
involves the increase in the marginal labor productivity of primary industry and the
second path is to provide more non-agricultural job opportunities [3,22,23]. Furthermore,
empowering local governments to help the poor through local economic growth is a third
feasible path [24]. HSR can promote the development of non-agricultural sectors, such as
the modern service industry [14,16], leading to an increase in the demand for labor and
advancing the transfer of the agricultural labor force. Furthermore, studies have confirmed
a local economic growth effect, accessibility improvement effects and balancing of regional
disparities created by high-speed rail development [7,11,25,26]. Most studies with small
research samples have evaluated provinces [25,27] or prefectural level cities [5]. However,
in China, the economy of the county is the basic unit of the national economy, and the county
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is the main body of policy implementation. The national government published Opinions
on promoting urbanization construction with the county in May 2022, which emphasizes the
classification of counties in order to enhance the sustainable development capacity of each
specific county through infrastructure construction, ultimately reducing the urban–rural
gap within counties and disparity between counties. Therefore, assessments at a more
disaggregated regional scale, such as the county level, are more valuable.

During the past decade, the Chinese government has invested major efforts in HSR
construction and has committed to doubling HSR mileage by 2035, a goal that is expected
to reach 70,000 km. HSR significantly reduces travel time, thus leading to considerable
increase in its demand (from 7.34 million passengers in 2008 to 2358 million passengers
in 2019 [28]). Given the enhancement of intercity mobility and interactions after HSR
development, the association between HSR development and regional poverty reduction
deserves close study in a comprehensive and systematic manner. This need aligns with calls
for research by the International Development Assistance agency and other scholars, who
have stressed that there is an insufficient understanding on how transportation contributes
to poverty reduction [3,29]. It is also important to assess whether poor counties benefit
more after accessibility improvements, given the increased investment in poor areas. Over
the past few years, researchers have shown great interest in whether the development of
high–speed rail has played a key role in China’s anti-poverty initiatives and progress.

To address the current gaps, in this study, detailed research was conducted on em-
pirical analysis of the accessibility improvement and poverty reduction effect created by
HSR development in China. The study used railway timetables, population figures and
the gross domestic product (GDP) of each county in the years 2007, 2012, and 2018 to
calculate accessibility. Notably, the dataset regarding the railway network timetable is
valuable and difficult to obtain. Therefore, the following hypotheses were proposed for
testing. Hypothesis 1: the disparity of regional poverty levels is significantly correlated
with unequal accessibility. Hypothesis 2: improvements in railway accessibility affect
rural income and have a larger effect in poor counties. Hypothesis 3: improving railway
accessibility affects the rural–urban income gap and exhibits a larger effect in poor counties.

To test these hypotheses, the historical development and advancement of China’s anti-
poverty strategies and poverty-alleviation-oriented transportation policy were reviewed
herein. Second, a spatial and temporal accessibility pattern analysis was conducted to
systematically explore the association between rural income disparity and accessibility
disparity. Subsequently, the effects on absolute poverty and relative poverty reduction
from interregional accessibility improvement were examined. Two-way fixed-effect models
and spatial econometric models were applied to identify these effects. To the best of
our knowledge, this is the first study that used county-level units to examine the effect
that improving railway accessibility has on regional poverty reduction in China. This
complements the rich body of literature. The quantitative analysis of this study provides
theoretical support for national comprehensive transportation network planning and direct
or indirect poverty-alleviation-oriented transportation policy.

The remaining part of this paper is organized as follows: Section 2 describes related
studies. Section 3 briefly introduces the research scope and data sources. Section 4 presents
the analysis of the anti-poverty initiatives and HSR development in China. Section 5 shows
the spatial–temporal distribution of accessibility and regional disparities created by HSR
development. Section 6 presents the exploration of the association between accessibility
and poverty reduction, considering the heterogeneity among poor and non-poor coun-
ties. Section 7 discusses the implications for poverty-alleviation-oriented transportation
investment policies. The final section summarizes the results of the analysis.

2. Literature Review

Studies dedicated to evaluating the connections between poverty and transport were
initiated during the late 1960s [30]. In the following decades, the World Bank and the other
International Development Assistance agencies realized the importance of exploring the
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relationship between transportation and poverty, firmly linking poverty to geographic
isolation [3]. To date, many studies have explored the contribution of transportation
operations to poverty alleviation based on microeconomic data; these studies have focused
on the relationship between individual poverty and individual mobility and indicated that
poverty reduction effects worked by improving basic access for the poor [2], and improving
access to economic and social opportunities, including labor and product markets, schools
and clinics [31,32]. Takada et al. [33] analyzed the impacts of improving rural roads on
household income based on a questionnaire dataset collected in rural areas of Cambodia.
The study concluded that rural road improvements led to the upgrading of the accessibility
and frequency of travel to local markets and these upgrades led to a growth in residents’
income. By using nationwide survey data with 15,388 respondents from China’s rural areas,
Zhao and Yu [34] found that higher mobility was significantly related to an increase in
income for wealthy people; however, higher mobility did not lead to a higher income for
the poor. Using a national household survey, Warr [35] found that approximately 13% of
the decline in rural poverty could be attributed to improved road access in Lao PDR.

Despite these research advances, few studies have examined the association of trans-
port infrastructure with poverty at the macro level. As an example, Anyanwu and Erhi-
jakpor [22] examined the impact of road infrastructure on poverty reduction in African
countries by using panel data for 33 countries. Using provincial-level panel data for
1994–2002 in China, Zou, et al. [36] compared the different effects of railways and roads
in different regions. Yang et al. [37] explored the relationship and spatial differentiation
characteristics between county traffic accessibility and poverty by considering the land
traffic of the Chengdu–Chongqing Economic Zone as an example. Despite the success
achieved in these research projects, the lack of spatial, temporal, and disaggregated poverty
and transport-related data has resulted in studies not being sufficiently comprehensive
in examining geographies and transport modes. Undeniably, many more systematic ex-
plorations are further demanded to investigate how HSR development impacts poverty
reduction in developing countries and areas with deep poverty [29].

Cartenì et al. [38] classified possible effects created by HSR services into three types:
transportation system impacts (internal), socio-economic impacts (external) and envi-
ronmental impacts (external). The internal effect relates to variations in transportation
accessibility, which is closely related to social inclusion and social justice. Farrington and
Farrington [39] considered accessibility to be a policy element. The industry agglomeration
effect of HSR development is also an important topic; however, the direction of agglom-
eration varies based on industry type and scale of the HSR network [14,40–42]. The HSR
development project is considered as a country-level “game-changer” [11]. The poverty
reduction effect created by HSR mostly operates at a macro level, by improving overall
accessibility. It involves increasing the efficiency of resource allocation, opportunities for
communication and circulation of factors, and fostering of economic growth [2]. This
highlights the need to explore whether HSR operations affect poverty reduction from
a broader perspective. Few studies have explored the impact of HSR network on rural
income and the urban–rural income gap in China. For example, by using statistical data
and fieldwork evidence from a small village located near the Wuhan–Guangzhou HSR line,
Liu and Kesteloot [43] found that HSR construction created employment opportunities for
the villagers. By using panel data at the provincial level in China, Wei and Bu [27] tested
the impact of density of HSR network on the urban–rural income gap. By using a nonlinear
time-varying factor model, Li et al. [44] examined prefecture-level cities to analyze the
convergence of the urban–rural income gap as a result of the construction of the HSR. As
stated above, the county is the fundamental unit of China’s economy, highlighting the
need to evaluate the impact of HSR at that level when considering the association between
accessibility improvement and regional poverty alleviation.
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3. Research Scope and Data
3.1. Research Scope

China has five levels of administrative division: provincial, prefectural, county, town-
ship, and village levels. The county-level administrative unit is the basis for the state’s
national economy. As such, this study focuses on these counties as the basic research units,
which include municipal districts, counties, autonomous counties, county-level cities, ban-
ners, autonomous banners, mining areas, forest areas and special districts. The municipal
districts have higher levels of urbanization compared to other county types. In this study,
due to data availability, some adjacent municipal districts were merged, which eventually
resulted in a total of 2341 counties, covering 31 provincial administrative units. Taiwan,
Hong Kong and Macao were not included because of the unavailability of data. By using
the list of poor counties published by the central government in 2013, the research counties
were classified into two groups: 826 poor counties and 1515 non-poor counties.

3.2. Data and Data Source

Economic and demographic data, including income per capita, population, GDP, GDP
per capita and total investment in fixed assets, were obtained from the China City Statis-
tical Yearbook, China County-Level Economy Yearbook and counties or cities’ statistical
bulletins. Data for three points in time were collected in 2007, 2012, and 2018. The HSR
network was not available in 2007 and only a small portion (9356 km) had been opened in
2012. Further, it was after 2012 that a targeted poverty alleviation strategy was adopted
by the central government. By 2018, the HSR network had opened almost entirely, with
four horizontal and four vertical lines and mileage reaching 29,904 km [45]. Table 1 lists the
study variables and their definitions. To eliminate the impact of the price factor, this study
used 2007 as the base year. The rural or urban resident income per capita was deflated by
using the rural or urban consumer price index; GDP, GDP per capita, and public finance
expenditure were deflated using the consumer price index; and total investment in fixed
assets was deflated using the price index for investment in fixed assets.

Table 1. Definition of variables.

Variables Definitions Scale

IRR Rural resident income per capita (yuan) County-level
CPOP Total population (1000 persons) County-level
CGDP GDP (million yuan) County-level

IUR Urban resident income per capita (yuan) Prefecture-level
PGDP GDP per capita (yuan) Prefecture-level
POP Total population (10,000 persons) Prefecture-level
INV Total investment in fixed assets (10,000 yuan) Prefecture-level

EOPF Public finance expenditure (10,000 yuan) Prefecture-level
SPG GDP from the second industry as a percentage of total GDP (%) Prefecture-level
NEP Number of employed persons (10,000 persons) Prefecture-level

The most important data in this study are the travel times between two county units,
calculated by using the Chinese railway timetables in 2007 (without HSR), in 2012 (with
emerging HSR) and in 2018 (with well-developed HSR) and the Baidu Maps route planning
module. To avoid the impact of the opening of conventional railways on accessibility, data
for conventional railways that opened after 2007 were deleted. The shortest travel time Tij
from the origin county i to the destination county j was calculated as follows:

Tij = min{Tos + Tow + Tss + Tdw + Tsd} (1)

where Tss is the minimum time between railway stations calculated based on railway
timetables for 2007, 2012 and 2018. The variables Tow and Tdw represent the transfer waiting
time at stations and set to 30 min based on previous studies [4,46]. This transfer waiting
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time includes time for security checks, ticket checks, queuing and entering or exiting
stations [46]. The variables Tos and Tsd denote the travel times by automobile from the
origin’s government building to railway stations and from the railway stations to the
destination’s government building, respectively. The main concern of this research is the
reduction of travel time caused by HSR development. The travel time on the highway
is supposed to only reflect the spatial distance and the class of road between the railway
station and the government building. Therefore, the travel times via automobile obtained
from the Baidu Maps route planning module were used. If a county unit had no railway
station in 2007, 2012 and 2018, the travel time by automobile from the government building
to railway stations in other counties was obtained. Eventually, three 2341 × 2341 minimum
travel time matrices were developed to support the accessibility analysis.

In addition, aviation is considered competitive with HSR and thus it is also included
in our empirical research. Daily departure schedules for each airport were collected from
the official website of FlightStats, which provides real-time, historical, and future ticket
information services. The flight data between July 3 and 9 in 2007, 2012, and 2018 were
collected, which generated 36,891, 55,865, and 92,612 records, respectively. The 7-day
average was used as the daily departure flight frequency (AFF) for each airport.

Table 2 presents the mean values of the variables. The coefficient of variation (CV)
measures the level of disparity for each variable. The income of rural residents in non-poor
counties is approximately twice that of poor counties, the population is also twice the size
and the GDP is six times larger for non-poor counties than for poor counties.

Table 2. Descriptive statistics of variables.

2007 2012 2018

Total Poor Non-Poor Total Poor Non-Poor Total Poor Non-Poor

IRR 4064
(0.49)

2381
(0.27)

4981
(0.37)

6808
(0.42)

4254
(0.26)

8200
(0.31)

10,951
(0.37)

7668
(0.20)

12,741
(0.30)

CPOP 553
(0.99)

363
(0.91)

656
(0.93)

567
(1.01)

368
(0.91)

675
(0.95)

594
(1.08)

388
(0.91)

707
(1.03)

CGDP 11,981
(3.08)

2405
(0.98)

17,202
(2.62)

21,726
(2.87)

4771
(0.97)

30,970
(2.45)

29,974
(3.11)

7036
(0.99)

42,481
(2.68)

IUR 11,708
(0.26)

10,142
(0.15)

12,561
(0.27)

18,163
(0.23)

15,991
(0.14)

19,346
(0.23)

25,531
(0.22)

23,166
(0.11)

26,821
(0.24)

PGDP 17,554
(0.77)

10,515
(0.58)

21,391
(0.69)

31,055
(0.66)

20,407
(0.61)

36,861
(0.58)

40,050
(0.58)

27,831
(0.48)

46,711
(0.52)

POP 469
(0.90)

409
(1.10)

502
(0.80)

488
(0.90)

424
(1.10)

523
(0.80)

502
(0.91)

434
(1.10)

539
(0.81)

INV 4,435,980
(1.41)

2,393,210
(1.78)

5,549,728
(1.24)

10,400,000
(1.20)

6,657,646
(1.56)

12,400,000
(1.04)

17,200,000
(1.20)

11,900,000
(1.62)

20,100,000
(1.03)

EOPF 1,070,930
(1.85)

712,475
(1.36)

1,266,364
(1.84)

2,723,223
(1.57)

2,136,016
(1.52)

3,043,377
(1.55)

4,365,264
(1.55)

3,408,207
(1.26)

4,887,065
(1.58)

SPG 46
(0.27)

40
(0.31)

49
(0.22)

49
(0.22)

45
(0.26)

52
(0.19)

41
(0.24)

38
(0.27)

43
(0.21)

NEP 40
(1.37)

26
(1.23)

48
(1.31)

58
(2.01)

40
(2.70)

68
(1.76)

58
(1.65)

35
(1.48)

71
(1.56)

AFF 17
(3.85)

7
(4.05)

23
(3.46)

27
(3.53)

11
(3.98)

35
(3.18)

43
(2.94)

21
(3.41)

56
(2.66)

Note: The coefficient of variation is in parentheses.

4. Analysis of Anti-Poverty Initiatives and HSR Development in China

Owing to its significant achievements in reducing poverty, China’s anti-poverty pro-
gram has attracted worldwide attention. Based on the 2010 national poverty line, China
had 770.39 million poor people (97.5%) in 1978 and the level fell to 5.51 million (0.6%) in
2019. From 1978 to 2018, China’s anti-poverty program went through the following five
stages. (1) The government adopted institutional reforms to promote poverty alleviation
between 1978 to 1985. Rural economic system reforms replaced a collective management
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system with a household responsibility system, giving farmers autonomy in agricultural
production and leading to significant increase in their enthusiasm levels, enhancement
in grain production and advancement in the rapid development of the rural economy in
China [47]. (2) Between 1986 to 1993, the State Council’s Leading Group was established
to select 592 national poverty counties and allocate special funds [20]. (3) In 1993, the
government announced the Seven-Year Priority Poverty Alleviation Program to address the
basic food and clothing needs of 80 million rural poor people within 7 years. (4) From 2000
to 2013, the government published China’s rural poverty alleviation and development outline
(2000–2010) and (2011–2020). These identified 14 Contiguous Poor Areas (CPA) as the main
areas for poverty alleviation. (5) Since 2013, the government has implemented a targeted
poverty alleviation strategy; the State Council’s Leading Group identified 832 counties as
poverty-stricken counties (592 national poor counties and counties located in contiguous
poor areas that were not part of the national poor counties list in 1993). The ultimate goals
of the TPA strategy were to lift the remaining rural poor people out of poverty and to
aid these poor counties to overcome region-wide poverty by 2020. Figure 1 shows that
in the final stage, the income growth rate of rural residents is greater than that of urban
residents. Further, the urban–rural income gap measured by the ratio of urban income to
rural income declined; however it remained substantial, at 2.56 in 2020. The significant
income gap between urban and rural residents remains an important factor constraining
the sustainable development of the economy and society in China [48].

Figure 1. Poverty alleviation over time in China.

Income is the basis for measuring inequality and poverty [49]. Determination of
the counties in China that are poverty-stricken is mainly based on the rural income per
capita [20]. Figure 2 shows the spatial distribution of rural income across counties in 2007,
2012, and 2018, revealing cluster characteristics. To assess whether the IRR is spatially
correlated, in this study Moran’s I index was applied, which is the most common global
spatial autocorrelation indicator [15]. Moran’s I index is calculated for each year based on
an adjacent weight matrix (1 represents neighbors and 0 otherwise). In 2007, 2012 and 2018,
the values of Moran’s I index were found to be 0.727, 0.728 and 0.747, respectively, with a
p-value below 1%. This result indicates a strong spatial autocorrelation of rural income;
the spatial correlation increases each year. The impoverished area in China presents the
concentration connecting piece features, which become progressively more significant over
time. Figure 3b,c show the spatial distribution of poor counties and contiguous poor areas,
respectively.
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Figure 2. The spatial distribution of rural income during the three study years. (a) IRR of 2007;
(b) IRR of 2012; (c) IRR of 2018.

Figure 3. The spatial distribution of poor areas and HSR in China. (a) The Chinese HSR network
from 2008 to 2018; (b) The distribution of poor counties; (c) The distribution of 14 contiguous poor
areas.

As part of anti-poverty activities, the ministry of transport issued relevant programs.
The Plan of Poverty Alleviation Program for Transport Construction in Contiguous Extreme-poverty
Areas (2011–2020), released in 2012, emphasized the task of removing the transportation
bottleneck restricting the development of contiguous poor areas, and stated a goal of lifting
impoverished areas out of poverty. During China’s 13th Five-Year Plan (2016–2020), the
ministry of transport formulated a specific transportation plan, focusing on poverty allevi-
ation. This specific plan required the central government to strengthen and invest more
in transportation development in poor areas. The plan identified 1177 counties, including
poor counties in CPA, national poor counties, other counties located in old revolutionary
base areas, regions inhabited by ethnic groups and frontier areas, for investment. The
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1177 counties were divided into three levels for differentiated investment strategies, based
on the degree of rural income poverty. Subsequently, an implementation plan to support
traffic construction in deep poverty-stricken areas and a three-year action plan for poverty-
alleviation-oriented transportation (2018–2020) were issued in 2017 and 2018, respectively.
The Chinese government was eager to alleviate regional disparities and poverty problems
by investing in transport infrastructure in underdeveloped areas. This highlights the need
to evaluate the effects of previous transportation investments to guide further poverty-
alleviation-oriented policies. To ensure the sustainable development of the local economy,
while improving the local transportation infrastructure, the government must integrate
other macroeconomic policies to enable poor or rural residents to reap the benefits from
transportation upgrades.

On 1 August 2008, the operation of the Beijing–Tianjin intercity HSR announced
the new era of the Chinese HSR and China’s HSR has significantly expanded since then.
Figure 3a shows the HSR corridors in each key year. The coverage of conventional railway
and HSR stations is shown in Table 3. In 2012, only eight poor counties had HSR stations.
By 2018, the number of poor counties with HSR stations increased to 88 and was 106 in 2019.
The increasing number of HSR stations in poor counties or adjacent counties of poor coun-
ties has significantly improved accessibility. As of the end of 2019, 35,000 km of HSR lines
operate in China. An outline of railway planning in the new era published in 2020 predicted
that the mileage of HSR will reach 70,000 km by 2035 and will connect all cities with more
than half a million inhabitants. Figure 1 shows that the growth rate of rural income has
exceeded that of urban income and trends for the urban–rural income gap switched from
rising to falling in the year after the HSR opening. However, previous studies indicated
that HSR exhibited differing impacts between developed and underdeveloped areas [7],
covered and uncovered regions [50] and high-income and low-income populations [17].
With the development of HSR, it is important to assess the extent to which accessibility
improvements alleviate regional poverty, considering the heterogeneity of both poor and
non-poor counties. An effective poverty-oriented transportation policy requires a sufficient
understanding of how HSR development contributes to poverty reduction. This study
focuses on the poverty reduction effect created by improvements in potential economic
accessibility and reductions in weighted travel time focusing on effects on poor areas.

Table 3. The coverage of railway stations.

Year Number of Railway
Stations

Number of Counties with Stations Number of Counties without Station

Total
(2341)

Non-Poor
(1515)

Poor
(826)

Total
(2341)

Non-Poor
(1515)

Poor
(826)

2007 2243 965 737 228 1376 778 598
2012 2527 1081 829 252 1260 687 573
2018 3129 1320 1002 318 1021 513 508

Year Number of HSR
Stations

Number of Counties with HSR Stations Number of Counties without HSR Station

Total
(2341)

Non-poor
(1515)

Poor
(826)

Total
(2341)

Non-Poor
(1515)

Poor
(826)

2012 289 195 187 8 2146 1328 818
2018 957 643 555 88 1698 960 738
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5. Accessibility and Regional Equality
5.1. Selection of Accessibility Indicators

Accessibility is an important indicator because of its advantages in evaluating the
effectiveness of the transportation network and also considers the spatial distribution
of socio-economic elements. Location-based accessibility has been extensively applied
in macro-level analyses. Distance measure and gravity-based measure are two classic
measures in the field of location-based accessibility and are adopted in this study.

Weighted average travel time

The weighted average travel time (WATT) is generally used to compare the cost of
travel time across counties. It is calculated by using equation (2). A lower WATT value
indicates a more accessible county.

WATTi =
∑j 6=i

(
tij ×Mj

)
∑j 6=i Mj

, j = 1, 2, . . . , n (2)

where tij represents the minimum travel time between county units i and j (in minutes);
Mj represents the population of destination j, which is used as a weight to distinguish the
importance of the travel time from county i to county j; and n represents the total number
of destinations that are accessible from county i.

Potential economic accessibility (PA) indicator

The potential accessibility of a county unit i is expressed as:

Pi = ∑j 6=i
Dj

tα
ij

, j = 1, 2, . . . , n (3)

where Dj represents the attraction or the volume of economic activities in county j, which
is characterized by the GDP (million yuan) of county units in this study; tij represents the
minimum travel time between county units i and j (in minutes); and α represents the rate of
increase of the friction of distance. The parameter α is often set at a value of 1 in empirical
studies that focus on either a national or global scale. Given that this study addresses
national-level accessibility, we adopt this approach, setting α as 1.

5.2. Methods for Inequality of Accessibility

Measures for assessing regional inequality can be classified into three groups: disper-
sion indices, Lorenz curve indices and entropy indices [12]. The CV is a popular example
of a dispersion index and is defined as the ratio of the standard deviation to the mean. This,
however, is not appropriate for comparative analysis at the per capita level. Another ap-
proach includes the Gini coefficient, which is a popular indicator based on the Lorenz curve.
Both the CV and Gini coefficient were used in previous studies [5,11,25,46]. However, the
third group, entropy indices, including the Theil index, offers the advantage of decom-
posability. This indicates that the total disparity can be decomposed into within-group
disparity and between-group disparity. The Theil index is widely used to measure the in-
equality of income and basic public services across groups [12,25,51]. Therefore, to measure
the degree of inequality in rural income and accessibility before and after HSR development,
in this study the decomposable Theil index was adopted. Two grouping schemes are used:
dividing counties into poor and non-poor counties and grouping counties according to
their provincial administration. This study includes 31 provincial administrative regions,
creating 31 groups. The hypothesis was that higher disparities in rural income were likely
to be associated with higher levels of inequality in accessibility. The Theil index can be
expressed as follows:

TP = ∑
i

∑
k

yik
Y
· log

[ ( yik
Y
)( pik

P
)] (4)
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where yij represents the IRR, WATT, or PA of county i in group k; Y represents the total IRR,
total WATT, or total PA of all counties (= ∑

i
∑
k

yik); pik represents the population of county

i in group k; and P represents the total population of all counties (= ∑i ∑k pik). A lower
Theil index value indicates a smaller disparity.

The Theil index can be further decomposed into an inter-group index (TB) and an
intra-group index (TW), representing the levels of disparity inside and between groups,
respectively. The variable Yk represents the total income of group k; and Pk represents
the total population of group k. The variables TB and TW denote the inter-group and
intra-group Theil index, respectively. As such, the linkage between the national Theil index
and the decomposed index is expressed as follows:

TP = TW + TB = ∑
k

Yk
Y ∑

i

yik
Yk
· log


(

yik
Yk

)
(

pik
Pk

)
+ ∑

k

Yk
Y

log


(

Yk
Y

)
(

Pk
P

)
 (5)

In the formula, the term of ∑i
yik
Yk
· log

[ ( yik
Yk

)
( pik

Pk

)
]

is the Theil index for group k. More

information on the one-stage decomposition of the Theil index was provided by Fisher [52].

5.3. Spatial Distribution of Accessibility

Based on the travel time between each origin–destination pair, together with destina-
tion population and GDP data, the weighted average travel time and potential accessibility
value were calculated for each of the 2341 counties. Table 4 shows the mean value and
coefficient of variation for WATT and PA in different sample groups. Accessibility progres-
sively increased over 10 years during the study period. The WATT values for all counties
decreased from 1312 to 788 min and PA increased from 30,197 to 126,169, reflecting a
39.9% and 317.8% increase in accessibility with HSR introduction. Poor counties were less
accessible than non-poor counties. The WATT of poor counties in 2007 was 1.25 times that
of non-poor counties and in 2018 was 1.34 times. For PA, the ratio between non-poor to
poor counties increased from 1.38 in 2007 to 1.47 in 2012, then decreased to 1.39 in 2018.
The relative gap of accessibility between poor and non-poor counties increased with HSR
development at this stage.

Table 4. Descriptive statistics of accessibility indicators.

2007 2012 2018

Total Poor Non-Poor Total Poor Non-Poor Total Poor Non-Poor

WATT 1312
(0.37)

1511
(0.39)

1204
(0.30)

1072
(0.44)

1300
(0.46)

948
(0.35)

788
(0.45)

945
(0.49)

703
(0.33)

PA 30,197
(0.37)

24,193
(0.40)

33,471
(0.31)

71,520
(0.42)

54,590
(0.45)

80,751
(0.35)

126,169
(0.37)

100,655
(0.39)

140,079
(0.31)

Note: The coefficient of variation is in parentheses.

Accessibility maps for the entire research scope shown in Figure 4 were built using
an ArcGIS classification technique, namely natural breaks, ensuring the maximization of
differences between levels. The color changed from red to green, with accessibility changing
from high to low. In 2007, without HSR, the spatial distribution accessibility measured by
WATT and PA exhibited significant “core-periphery” features from east to west. In 2018,
corridor effects created by HSR development became more pronounced.
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Figure 4. The spatial distribution of accessibility in the study years. (a1) WATT of 2007; (b1) WATT of
2012; (c1) WATT of 2018; (a2) PA of 2007; (b2) PA of 2012; (c2) PA of 2018.

5.4. The Inequality of Rural Income and Accessibility

Table 5 and Appendix A present the outcomes of the Theil index calculation. Between
2007 and 2018, the disparity of IRR and WATT at the national level continued to increase,
while the disparity of PA slightly decreased and then increased. Division of counties into
poor and non-poor types revealed that the disparity of rural income and accessibility was
larger among poor counties compared to non-poor counties. In particular, the decomposed
result of the second group scheme shows that the intra-group index is larger than the
inter-group index with respect to rural income and potential accessibility. This indicates the
existence of social inequality among counties within specific provinces in China. Moreover,
after grouping counties by province, it was found that the inter-group index of weighted
average travel time was larger than the intra-group index. Therefore, the inter-province
disparity of weighted average travel time was more significant. With the development of
the HSR, the accessibility disparity increased, which is consistent with the results provided
by Jiao et al. [5], while different provinces showed different performances. In Jiangsu
province, the accessibility disparity decreased, which is consistent with research by Wang
et al. [4]. The disparity in the accessibility of Liaoning province first decreased and then
increased. Luo and Zhao [46] found that the disparity of railway accessibility was lower
than that of highway accessibility in Liaoning province in 2016.

Table 5. Comparison of the Theil index between different groups.

Total Counties First Group Scheme Second Group Scheme

Poor Non-Poor Intra-Group Inter-Group Intra-Group Inter-Group

TP-IRR

2007 0.3190 0.4410 0.2849 0.3172 0.0018 0.2307 0.0883
2012 0.3217 0.4455 0.2864 0.3215 0.0002 0.2364 0.0853
2018 0.3392 0.4562 0.2998 0.3384 0.0008 0.2448 0.0944

TP-WATT

2007 0.6525 0.7818 0.4376 0.5774 0.0751 0.2932 0.3593
2012 0.7136 0.8088 0.4733 0.6168 0.0968 0.3011 0.4126
2018 0.7351 0.8489 0.4941 0.6442 0.0909 0.3184 0.4167

TP-PA

2007 0.2583 0.2705 0.2439 0.2514 0.0069 0.2028 0.0556
2012 0.2532 0.2698 0.2411 0.2488 0.0044 0.2014 0.0518
2018 0.2617 0.2628 0.2515 0.2547 0.0071 0.2154 0.0463



Land 2022, 11, 1846 13 of 22

To examine the association between rural income disparity and accessibility disparity,
Pearson correlation coefficients were calculated, with 31 provinces as observations. The
results of the Pearson coefficient show that the Theil index of IRR is significantly positively
correlated with the Theil index of PA and WATT. The three-year average value of Pearson
coefficients between TP-IRR and TP-PA is 0.80 and for TP-IRR and TP-WATT the correlation
is 0.83. This indicates that the inequality of accessibility is closely related to income
disparity. To reduce the inequality of rural income, the government should focus on
reducing disparities in accessibility between counties.

6. Accessibility and Poverty Reduction
6.1. Model Specification

Two Way Fixed Effect Models

Based on the accessibility calculations before and after HSR was introduced into the
railway system, the correlation between regional accessibility improvement and regional
poverty reduction was analyzed in this study. The per capita income of rural residents is a
representative variable measuring the absolute poverty level of a county [20]; and the ratio
of rural income to urban income represents the relative poverty level. To empirically test
the association between accessibility and absolute poverty or relative poverty, two baseline
regression models are set as follows:

Model1 : lnIRRit = α0 + α1lnPAit + α2lnCPOPit + α3lnPGDPit+
α4lnSPGit + α5lnPINVit + α6lnPEOPFit + α7lnPNEPit + α8 AFFit + µi + γt + εit

(6)

Model2 : lnRUGit = β0 + β1lnPAit + β2lnCPOPit + β3lnPGDPit+
β4lnSPGit + β5lnPINVit + β6lnPEOPFit + β7lnPNEPit + β8 AFFit + µi + γt + εit

(7)

where i and t represent the county and the year, respectively. In model 1, the dependent
variable (lnIRR) represents the natural log of rural income. The core explanatory variable is
the natural log of potential accessibility (lnPA). Other elements that may affect the rural
income are controlled; these factors include (1) human capital, measured by the natural
log of the county’s population (lnCPOP); (2) the level of local economic development,
measured by the natural log of GDP per capita (lnPGDP); (3) economic structure, measured
by the natural log of the share of production in the secondary industry (lnSPG); (4) invest-
ment in fixed assets, measured by the natural log of the fixed-asset investment per capita
(lnPINV); (5) public finance expenditures, measured by the natural log of public finance
expenditures per capita (lnPEOPF); (6) employment level, measured by the natural log
of the proportion of employed individuals to the total population (lnPNEP); and (7) air
transport, measured by daily flight frequency (AFF). Based on data availability, data for
the control variables, including lnSPG, lnPINV, lnPEOPF, lnPNEP and AFF, are from the
prefectural level administrative regions where that county is located. Furthermore, the
county-fixed effect (µi) and the year fixed effect (γt) are also controlled. The term α0 is a
constant term and ε is an error term.

For model 2, the dependent variable is the natural log of the rural-urban income gap,
which is measured by Equation (8). The control variables are the same as model 1:

RUGit =
IRRcounty i

IURpre f ecture j
(8)

where IRRcounty i is the rural resident income of county i, and IURpre f ecture j is the urban
resident income of prefecture j. Prefecture j has jurisdiction over county i. The value of
RUG is less than 1. A larger RUG value is associated with a smaller rural-urban income gap.

Model 1 and model 2 are used for three parallel regressions for all counties, poor
counties, and non-poor counties. Two robustness tests were conducted. One studies poor
counties that only belong to contiguous poor areas (CPA) and another involves the selection
of counties after deleting municipal districts as samples.
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Spatial Economic Models

The values of Moran’s I reveal a strong positive spatial correlation with IRR. Consider-
ing the presence of spatial autocorrelation, spatial regression models, including a spatial lag
model (SAR), spatial error model (SEM) and a mix of SAR and SEM (SAC), are introduced.
Building upon baseline Equations (6) and (7) and two-stage formulation (9) and (10), the
following spatial economic models, involving spatial autocorrelation, are constructed:

Model3 : lnIRRit = ρ ∑n
j=1 ωijlnIRRjt + α0 + α1lnPAit + α2lnCPOPit+

α3lnPGDPit + α4lnSPGit + α5lnPINVit + α6lnPEOPFit + α7lnPNEPit+
α8 AFFit + µi + γt + εit

εit = λ
n
∑

j=1
ωijε jt + vit

(9)

Model4 : lnRUGit = ρ ∑n
j=1 ωijlnRUGjt + β0 + β1lnPAit + β2lnCPOPit+

β3lnPGDPit + β4lnSPGit + β5lnPINVit + β6lnPEOPFit + β7lnPNEPit+
β8 AFFit + µi + γt + εit

εit = λ
n
∑

j=1
ωijε jt + vit

(10)

where ωij denotes the spatial weight matrix; ρ represents the spatial autocorrelation effects
in the dependent variables; λ represents the spatial autocorrelation effects in the random
error. If ρ 6= 0 and λ = 0, the SAR model is estimated. If ρ = 0 and λ 6= 0, the SEM model
is estimated. If ρ 6= 0 and λ 6= 0, the SAC model is estimated.

Two types of spatial weight matrices are frequently used in spatial economic models.
The first is the adjacency weight matrix, which includes dummy variables indicating
whether counties are neighbors (1 represents neighbors and 0 otherwise). The second
is the spatial distance matrix, constructed by using the inverse of the Euclidean distance
between the counties’ government office buildings. Table 6 lists Moran’s I of two dependent
variables in this study calculated based on these two matrices. The values of Moran’s I
together with the p-value indicate the existence of significant spatial autocorrelations in IRR
and RUG and the spatial autocorrelation is higher based on the adjacency weight matrix.
Therefore, the adjacency weight matrix was adopted in our spatial economic models.

Table 6. Results of the Moran’s I.

Year IRR RUG

Adjacency
Weight Matrix

Spatial
Distance Matrix

Adjacency
Weight Matrix

Spatial
Distance Matrix

2007 0.727 *** 0.506 *** 0.570 *** 0.368 ***
2012 0.728 *** 0. 496 *** 0.564 *** 0.360 ***
2018 0.747 *** 0.519 *** 0.544 *** 0.346 ***

Note: ***, **, and * indicate significance at 1, 5, and 10% levels, respectively.

6.2. Accessibility and Absolute Poverty Reduction

This subsection describes the estimated results of potential economic accessibility
impact on absolute poverty reduction, by using two-way fixed effect models and spatial
economic models. Considering the significant difference in accessibility and development
level between poor and non-poor counties, the whole sample, the poor counties and the non-
poor counties were regressed separately. Table 7 summarizes the results of two-way fixed
effect models. For whole samples, the results show that potential economic accessibility
improvement has a significant positive effect on rural income. The economic development
level, investment in fixed assets and public finance expenditure also have a significant
positive effect on rural income. In contrast, employment level and air transport (flight fre-
quency) have a significant negative effect on rural income. Potential economic accessibility
has a larger effect on rural income for poor counties, while the economic development level



Land 2022, 11, 1846 15 of 22

has a larger effect on non-poor counties. Rural residents in non-poor counties benefit from
fixed asset investments, while residents in poor counties do not. The robustness of the
results for comparing poor and non-poor counties is tested by taking poor counties located
in continuous poor areas as samples. The results are summarized in column (3). After
excluding 313 out of 2341 counties with more urbanized manuscript districts, the estimated
coefficient of PA becomes larger for total counties. However, when grouping counties
into poor and non-poor, if most urbanized districts are deleted, the influence coefficient
becomes smaller. Overall, the impact of accessibility improvement on underdeveloped
areas is greater than the agglomeration effect on developed areas. However, for different
groups, the more developed districts have a larger agglomeration effect.

Table 7. The effect of accessibility on IRR (model 1).

Different Groups of the Whole Sample Different Groups after Deleting Municipal Districts

(1) (2) (3) (4) (5) (6) (7) (8)

Total Poor CPA Non-Poor Total Poor CPA Non-Poor

lnPA 0.1718 ***
(0.0142)

0.2431 ***
(0.0249)

0.2113 ***
(0.0257)

0.1329 ***
(0.0145)

0.1753 ***
(0.0156)

0.2405 ***
(0.0257)

0.2112 ***
(0.0265)

0.1307 ***
(0.0163)

lnPGDP 0.1505 ***
(0.0150)

0.1013 ***
(0.0246)

0.0749 ***
(0.0258)

0.1434 ***
(0.0164)

0.1500 ***
(0.0162)

0.1018 ***
(0.0254)

0.0776 ***
(0.0267)

0.1474 ***
(0.0184)

lnPINV 0.0153 **
(0.0064)

−0.0266 **
(0.0113)

−0.0357 ***
(0.0119)

0.0354 ***
(0.0065)

0.0122 *
(0.0070)

−0.0234 **
(0.0115)

−0.0345 ***
(0.0122)

0.0328 ***
(0.0071)

lnSPG −0.0153
(0.0205)

0.0419
(0.0279)

0.0357
(0.0301)

−0.0861 ***
(0.0217)

−0.0153
(0.0222)

0.0381
(0.0288)

0.0339
(0.0313)

−0.0929 ***
(0.0244)

lnPEOPF 0.1477 ***
(0.0139)

0.1104 ***
(0.0174)

0.0786 ***
(0.0167)

0.0717 ***
(0.0158)

0.1459 ***
(0.0151)

0.1131 ***
(0.0182)

0.0799 ***
(0.0175)

0.0659 ***
(0.0174)

lnPNEP −0.0376 ***
(0.0095)

−0.0662 ***
(0.0190)

−0.0522 **
(0.0206)

−0.0091
(0.0089)

−0.0393 ***
(0.0108)

−0.0698 ***
(0.0207)

−0.0541 **
(0.0214)

−0.0059
(0.0098)

AFF −0.0003 ***
(0.0001)

−0.0002 **
(0.0001)

−0.0002 ***
(0.0001)

−0.0002 ***
(0.0001)

−0.0002 ***
(0.0001)

−0.0002 **
(0.0001)

−0.0002 ***
(0.0001)

−0.0001
(0.0001)

lnCPOP 0.0020
(0.0311)

−0.0349
(0.0404)

−0.0498
(0.0387)

−0.0326
(0.0400)

0.0256
(0.0361)

−0.0393
(0.0409)

−0.0523
(0.0392)

−0.0171
(0.0503)

cons 3.7032 ***
(0.2470)

3.6258 ***
(0.3483)

4.6269 ***
(0.3675)

5.3265 ***
(0.3191)

3.5331 ***
(0.2704)

3.6200 ***
(0.3536)

4.5933 ***
(0.3744)

5.2924 ***
(0.3774)

Year FE fixed fixed fixed fixed fixed fixed fixed fixed
County FE fixed fixed fixed fixed fixed fixed fixed fixed

R2 0.9547 0.9559 0.9610 0.9666 0.9539 0.9551 0.9602 0.9668
No. of Obs 7023 2478 2022 4545 6084 2397 1959 3687

Note: ***, **, and * indicate significance at 1, 5, and 10% levels, respectively. Robust standard errors clustered by
county are shown in parentheses.

Table 8 summarizes the results estimated by using the three spatial economic mod-
els. In particular, spatial economic models indicate that conventional linear regression
approaches may have overestimated the benefits by not considering the spatial autocorrela-
tion of rural income. The values of the R-square indicate that the SAC model is appropriate
for the whole sample, while the SAR model is appropriate for poor and non-poor sub-
groups. The results indicate that the potential accessibility improvement has rural income
growth impacts with an overall elastic coefficient of 0.03; the coefficient is 0.10 for poor
areas and 0.06 for non-poor areas.
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Table 8. The effect of accessibility on IRR (model 3).

SAR SEM SAC

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Total Poor Non-Poor Total Poor Non-Poor Total Poor Non-Poor

lnPA
0.0478 ***
(0.0103)

0.0973 ***
(0.0207)

0.0578 ***
(0.0120)

0.0306
(0.0204)

0.1096 ***
(0.0339)

0.0494 ***
(0.0189)

0.0327 ***
(0.0074)

0.0568 ***
(0.0117)

0.0281
(0.0165)

lnPGDP
0.0611 ***
(0.0112)

0.0626 ***
(0.0192)

0.0800 ***
(0.0147)

0.0964 ***
(0.0218)

0.1146 ***
(0.0329)

0.1110 ***
(0.0217)

0.0404 ***
(0.0084)

0.0324 ***
(0.0107)

0.0927 ***
(0.0163)

lnPINV
0.0003

(0.0050)
−0.0173 *
(0.0100)

0.0137 **
(0.0053)

0.0065
(0.0096)

−0.0197
(0.0190)

0.0195 **
(0.0091)

−0.0025
(0.0036)

−0.0139 **
(0.0050)

0.0139
(0.0066)

lnSPG
0.0045

(0.0159)
0.0250

(0.0231)
−0.0474 **

(0.0184)
0.0263

(0.0273)
0.0256

(0.0387)
−0.0332
(0.0247)

0.0000
(0.0116)

0.0147
(0.0107)

−0.0234
(0.0166)

lnPEOPF
0.0528 ***
(0.0094)

0.0604 ***
(0.0148)

0.0407 ***
(0.0130)

0.0509 ***
(0.0156)

0.0772 ***
(0.0225)

0.0383 *
(0.0145)

0.0381 ***
(0.0072)

0.0395 ***
(0.0089)

0.0255
(0.0146)

lnPNEP
−0.0156**
(0.0074)

−0.0337 **
(0.0168)

−0.0066
(0.0072)

−0.0216 **
(0.0119)

−0.0480*
(0.0253)

−0.0105
(0.0086)

−0.0096 *
(0.0055)

−0.0168
(0.0081)

−0.0102
(0.0086)

AFF
−0.0001 ***

(0.0000)
−0.0001 **

(0.0001)
−0.0001 **

(0.0000)
−0.0002 ***

(0.0001)
−0.0002 **

(0.0001)
−0.0001
(.0000)

−0.0001 ***
(0.0000)

−0.0001 **
(0.0001)

−0.0001
(0.0000)

lnCPOP
−0.0318
(0.0309)

−0.0189
(0.0321)

−0.0355
(0.0392)

−0.0479
(0.0354)

−0.0133
(0.0377)

−0.0394
(.0146)

−0.0235
(0.0248)

−0.0254
(0.0179)

−0.0382
(0.0132)

λ
0.7224 ***
(0.0132)

0.5835 ***
(0.0286)

0.6242 ***
(0.0190)

−0.4251 ***
(0.0596)

−0.4969 ***
(0.0843)

0.8186 ***
(0.0703)

ρ
0.6963 ***
(0.0128)

0.5987 ***
(0.0166)

0.5490 ***
(0.0272)

0.8291 ***
(0.0149)

0.8128 ***
(0.0270)

−0.5541 **
(0.2603)

Year FE fixed fixed fixed fixed fixed fixed fixed fixed fixed
County FE fixed fixed fixed fixed fixed fixed fixed fixed fixed

R2 0.9302 0.9239 0.9459 0.8933 0.9227 0.9318 0.9331 0.9172 0.9007
No. of Obs 7023 2478 4545 7023 2478 4545 7023 2478 4545

Note: ***, **, and * indicate significance at 1, 5, and 10% levels, respectively. Robust standard errors clustered by
county are shown in parentheses.

6.3. Accessibility and Relative Poverty Reduction

Tables 9 and 10 present the estimated results of models 2 and 4, respectively. The
results indicate that improving potential economic accessibility effectively narrowed the
urban–rural income gap, with the benefits accruing more to poor counties compared to
non-poor counties. Based on provincial panel data, Wei and Bu [27] also found that HSR
could narrow the urban–rural income gap and the effect on the income of rural residents
is greater than that of urban residents. The economic development level has a significant
positive effect on the increase in the ratio of rural income to urban income for whole samples
and non-poor counties. Public finance expenditures have a significant positive effect on
whole samples and poor counties. The frequency of flights has a modest negative effect on
the ratio of rural income to urban income for whole samples and for non-poor counties.

Table 9. The effect of accessibility on RUG (model 2).

Different Groups of the Whole Sample Different Groups after Deleting Municipal Districts

Total Poor Co-Poor Non-Poor Total Poor Co-Poor Non-Poor

lnPA 0.1151 ***
(0.0139)

0.1767 ***
(0.0248)

0.1476 ***
(0.0252)

0.0878 ***
(0.0156)

0.1161 ***
(0.0152)

0.1784 ***
(0.0256)

0.1492 ***
(0.0259)

0.0804 ***
(0.0173)

lnPGDP 0.0715 ***
(0.0150)

0.0209
(0.0235)

−0.0030
(0.0252)

0.0780 ***
(0.0204)

0.0749 ***
(0.0160)

0.0212
(0.0243)

−0.0008
(0.0262)

0.0918 ***
(0.0224)

lnPINV 0.0174 **
(0.0067)

−0.0163
(0.0118)

−0.0222 *
(0.0118)

0.0325 ***
(0.0076)

0.0142 **
(0.0072)

−0.0132
(0.0120)

−0.0209 *
(0.0121)

0.0286 ***
(0.0082)

lnSPG −0.0360 *
(0.0198)

0.0043
(0.0282)

−0.0070
(0.0299)

−0.0890 ***
(0.0258)

−0.0397 *
(0.0212)

0.0032
(0.0290)

−0.0051
(0.0310)

−0.1056 ***
(0.0284)
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Table 9. Cont.

Different Groups of the Whole Sample Different Groups after Deleting Municipal Districts

Total Poor Co-Poor Non-Poor Total Poor Co-Poor Non-Poor

lnPEOPF 0.1090 ***
(0.0122)

0.0973 ***
(0.0179)

0.0662 ***
(0.0188)

0.0424 **
(0.0183)

0.1113 ***
(0.0131)

0.0977 ***
(0.0189)

0.0641 ***
(0.0199)

0.0432 **
(0.0203)

lnPNEP −0.0303 ***
(0.0097)

−0.0574 ***
(0.0193)

−0.0396 **
(0.0199)

−0.0068
(0.0102)

−0.0358 ***
(0.0108)

−0.0622 ***
(0.0210)

−0.0416 **
(0.0208)

−0.0090
(0.0111)

AFF −0.0003 ***
(0.0001)

−0.0001
(0.0001)

−0.0001
(0.0001)

−0.0003 ***
(0.0001)

−0.0002 ***
(0.0001)

−0.0001
(0.0001)

−0.0001
(0.0001)

−0.0002 ***
(0.0001)

lnCPOP 0.0255
(0.0299)

−0.0419
(0.0423)

−0.0845 **
(0.0390)

0.0278
(0.0390)

0.0283
(0.0347)

−0.0512
(0.0428)

−0.0902 **
(0.0396)

0.0263
(0.0499)

cons −4.066 ***
(0.2346)

−3.978 ***
(0.3451)

−2.8856 ***
(0.3440)

−3.0763 ***
(0.3218)

−4.142 ***
(0.2532)

−3.9919 ***
(0.3509)

−2.905 ***
(0.3492)

−3.0537 ***
(0.3769)

Year FE fixed fixed fixed fixed fixed fixed fixed fixed
County FE fixed fixed fixed fixed fixed fixed fixed fixed

R2 0.5496 0.6569 0.7067 0.4886 0.5604 0.6554 0.7041 0.4989
No. of Obs 7023 2478 2022 4545 6084 2397 1959 3687

Note: ***, **, and * indicate significance at 1, 5, and 10% levels, respectively. Robust standard errors clustered by
county are shown in parentheses.

Table 10. The effect of accessibility on RUG (model 4).

SAR SEM SAC

Total Poor Non-Poor Total Poor Non-Poor Total Poor Non-Poor

lnPA
0.0391 ***
(0.0106)

0.0872 ***
(0.0207)

0.0336 ***
(0.0117)

0.0373 *
(0.0202)

0.1014 ***
(0.0332)

0.0344 *
(0.0196)

0.0279 ***
(0.0077)

0.0507 ***
(0.0126)

0.0159
(0.0199)

lnPGDP
0.0228 *
(0.0117)

0.0057
(0.0196)

0.0317 **
(0.0160)

0.0192
(0.0229)

−0.0079
(0.0339)

0.0465 *
(0.0244)

0.0161 *
(0.0085)

0.0038
(0.0118)

0.0401
(0.0249)

lnPINV
0.0030

(0.0053)
−0.0084
(0.0108)

0.0095 *
(0.0056)

0.0068
(0.0102)

−0.0039
(0.0200)

0.0078
(0.0106)

−0.0002
(0.0038)

−0.0060
(0.0063)

0.0006
(0.0113)

lnSPG
−0.0145
(0.0151)

−0.0006
(0.0227)

−0.0505 ***
(0.0192)

−0.0149
(0.0264)

−0.0064
(0.0374)

−0.0642 **
(0.0264)

−0.0111
(0.0110)

−0.0015
(0.0140)

−0.0564**
(0.0252)

lnPEOPF
0.0411 ***
(0.0095)

0.0571 ***
(0.0149)

0.0222
(0.0137)

0.0365 **
(0.0164)

0.0696 ***
(0.0234)

0.0281
(0.0229)

0.0308 ***
(0.0071)

0.0357 ***
(0.0098)

0.0232
(0.0233)

lnPNEP
−0.0097
(0.0076)

−0.0308 *
(0.0174)

−0.0009
(0.0076)

−0.0105
(0.0118)

−0.0435*
(0.0251)

−0.0034
(0.0113)

−0.0061
(0.0056)

−0.0144
(0.0104)

−0.0043
(0.0108)

AFF
−0.0002 ***

(0.0000)
−0.0000
(0.0001)

−0.0002 ***
(0.0000)

−0.0002 ***
(0.0001)

0.0000
(0.0001)

−0.0002 ***
(0.0001)

−0.0001 ***
(0.0000)

−0.0000
(0.0001)

−0.0002 ***
(0.0001)

lnCPOP
−0.0233
(0.0295)

−0.0426
(0.0335)

−0.0050
(0.0379)

−0.0538
(0.0334)

−0.0581
(0.0392)

−0.0221
(0.0381)

−0.0135
(0.0239)

−0.0299
(0.0227)

−0.0232
(0.0341)

λ
0.7138 ***
(0.0130)

0.5481 ***
(0.0295)

0.6757 ***
(0.0164)

−0.4146 ***
(0.0545)

−0.5321 ***
(0.0785)

0.8500 ***
(0.0526)

ρ
0.6995 ***
(0.0127)

0.5462 ***
(0.0306)

0.6598 ***
(0.0166)

0.8320 ***
(0.0146)

0.7944 ***
(0.0244)

−0.5416 ***
(0.0143)

Year FE fixed fixed fixed fixed fixed fixed fixed fixed fixed
County FE fixed fixed fixed fixed fixed fixed fixed fixed fixed

R2 0.4955 0.6075 0.4419 0.4897 0.6060 0.4475 0.4947 0.6048 0.4343
No. of Obs 7023 2478 4545 7023 2478 4545 7023 2478 4545

Note: ***, **, and * indicate significance at 1, 5, and 10% levels, respectively. Robust standard errors clustered by
county are shown in parentheses.

6.4. Further Robustness Tests

Following the main analyses, additional robustness tests were conducted to verify the
effectiveness of the results of spatial economic models. The first tests addressed concerns
about the accessibility measure. In models 3 and 4, lnPA was changed into the natural
log of weighted average travel time (lnWATT) as the independent variable to verify the
impact of accessibility improvement on poverty reduction. The model consisted of absolute
poverty, measured by rural income, and relative poverty, measured by the ratio of rural
income to urban income. The results reported in Table 11 (columns 1–3 and 4–6) indicate
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that a 1% decrease in weighted average travel time contributes to an overall increase in
rural income and an increase in the ratio of rural–urban income by 0.0289% and 0.0312%,
respectively, 0.1083% and 0.0883% for poor counties, respectively, and 0.0514% and 0.0342%
for non-poor counties, respectively.

Table 11. Results of robustness test.

Spatial Weight
Matrix

Adjacency Weight Matrix Spatial Distance Matrix

Dependent
Variables

lnIRR lnRUG lnIRR lnRUG

(1) (2) (3) (4) (5) (6) (7) (8)

Total Poor Non-Poor Total Poor Non-Poor Total Total

lnWATT
−0.0289 ***

(0.0097)
−0.1083 ***

(0.0266)
−0.0514 ***

(0.0166)
−0.0312 **

(0.0145)
−0.0883 ***

(0.0271)
−0.0342 ***

(0.0165)

lnPA
0.0385 ***
(0.0103)

0.0366 ***
(0.0113)

Controlled Yes Yes Yes Yes Yes Yes Yes Yes

λ
−0.4317 ***

(0.0595)
−0.0802
(0.1001)

ρ
0.8343 ***
(0.0144)

0.6038 ***
(0.0358)

0.5570 ***
(0.0265)

0.7023 ***
(0.0126)

0.5488 ***
(0.0304)

0.6608 ***
(0.0164)

0.9418 ***
(0.0190)

0.9318 ***
(0.0144)

Year FE fixed fixed fixed fixed fixed fixed fixed fixed
County FE fixed fixed fixed fixed fixed fixed fixed fixed

R2 0.9306 0.9232 0.9418 0.5029 0.6198 0.4538 0.9274 0.4691
No. of Obs 7023 2478 4545 7023 2478 4545 7023 7023

Note: ***, **, and * indicate significance at 1, 5, and 10% levels, respectively. Robust standard errors clustered by
county are shown in parentheses.

Second, after replacing the adjacency weight matrix with the spatial distance matrix
in models 3 and 4, Table 11 (columns 7 and 8) shows the estimated results for the effects
of potential economic accessibility on rural income and the ratio of rural income to urban
income for total samples. Potential economic accessibility improvement has a significant
and positive effect on poverty reduction, which is consistent with the results obtained with
the adjacency weight matrix.

7. Discussion

The development of HSR has significantly reduced inter-county travel time, leading
to improvement in the potential economic accessibility. The accessibility improvements
have created significant development opportunities for poor counties and contiguous
poor areas. In the context of poverty reduction goals, it is important to ensure that the
poor can benefit from the advantages created by HSR expansion. This analysis indicates
that improving accessibility has a positive effect on reducing both absolute poverty and
relative poverty. One of the reasons is that the operation of high-speed railways, which
are passenger-dedicated railway lines with high service efficiency, frees up the transport
capacity of the conventional railway to transport agricultural products. Rural residents reap
the benefits from saving transport costs including money and time and improving transport
efficiency. Moreover, the success of HSR development in regional poverty reduction may be
partly due to the other TPA strategies in China. When upgrading the local transportation
infrastructure, the government also coordinates this activity with adjustments and upgrades
to the local industrial structure, maximizing the regional advantages of industries and
tourism and maintaining relevant skills training for low-income populations to protect the
backward region from the siphoning effect.

Compared with the increase in rural income and decrease in the urban–rural income
gap, rural income disparity increased at a national level. This is attributed to the fact that
the rural income disparity between poor counties and counties within a single province



Land 2022, 11, 1846 19 of 22

became larger. Therefore, reducing the development difference between counties should
be the goal of future investments. When developing poverty-alleviation-oriented policies,
it is important to consider the poverty level and geographical characteristics of each
county to implement diverse, fair and reasonable investment strategies. Ending regional
poverty should go forward hand in hand with reducing inequality by utilizing strategies
for improving transportation, public welfare, adjustment of the industrial structure, etc.,
and attaching importance to the Development Capacity Building of the nation, province,
prefecture and county.

8. Conclusions

After eliminating the impact of price factors, the income of rural residents increased by
2.69 times from 4064 yuan (RMB) in 2007 to 10,951 yuan (RMB) in 2018 and the urban–rural
income gap continued to decline. Significant progress was made in reducing poverty. How-
ever, the rural income disparity increased for both intra-group and inter-group measures.
With the expansion of the HSR network, the accessibility measured by weighted average
travel time decreased by 39.9% and the potential economic accessibility increased by 317.8%.
However, the inequities of accessibility continued to rise, which is consistent with the result
presented in a literature study [5]. Moreover, a strong positive correlation between rural
income disparity and accessibility disparity indicates that the government should further
address sustainable and balanced societal development. Based on the accessibility analysis,
the effect on poverty reduction brought by accessibility improvement was further examined
by using two-way fixed effect models and spatial economic models. In particular, when
estimating the absolute poverty reduction effect, the goodness of fit test (R-square) of the
spatial economic models indicates that SAC is a feasible method for total samples, while
SAR is more suitable for subgroups, namely poor counties and non-poor counties. The SAR
model is more suitable for estimating the relative poverty reduction effect. The empirical
results show that a 1% improvement in the potential economic accessibility led to an im-
provement in the aggregated rural income by 0.03–0.17%. The ratio of rural income to urban
income increased by 0.04–0.12%; for every 1% decrease in the weighted average travel time,
rural income increased by 0.03%. The ratio of rural income to urban income increased by
0.02% and there was a larger effect in poor counties. Owing to spatial autocorrelation, the
spatial economic model based on the adjacency weight matrix is better for exploring the
association between regional poverty and accessibility.

In China, HSR development affects the income of rural residents and the urban–rural
income gap by enhancing potential economic accessibility and reducing the weighted
average travel time. This empirical research provides evidence that HSR development has
broad poverty reduction effects in China’s anti-poverty initiatives. This can inform future
poverty-alleviation-oriented transport policies. Based on experience gained from China’s
anti-poverty initiatives, it is important to integrate transport policy with other anti-poverty
strategies to accelerate sustainable development in poverty-stricken areas.

The improvement of railway accessibility is conducive to increase in rural income.
However, the inequality of rural income and accessibility between counties increases, which
may strengthen other facets of relative poverty problems. Therefore, it is urgent to solve the
relative poverty by improving accessibility and alleviating accessibility disparities, which is
the main goal of future national comprehensive transportation planning and transportation
investments.

The relationships among accessibility brought by HSR development, regional poverty
and inequality were explored at the macro-level in this study. The analysis conclusions are
relatively weak in supporting micro policies for individuals. Moreover, research on the
impact of HSR construction and operation on the environment is also meaningful, such as
pollution emission and ecological conservation along HSR lines. The development of HSR
receives widespread favor from the local government due to its high speed, large volume,
high security, convenience and comfort. Comprehensive understanding of the cost of the
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HSR system and its positive or negative impact on the economy and the environment helps
to rationally lay out HSR and eventually to realize the SDGs on schedule.
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Appendix A

Table A1. Theil index of IRR, PA, and WATT in different provinces.

Province 2007 2012 2018

TP-IRR TP-PA TP-WATT TP-IRR TP-PA TP-WATT TP-IRR TP-PA TP-WATT

Anhui 0.24 0.15 0.25 0.26 0.16 0.26 0.28 0.21 0.26
Beijing 0.50 0.56 0.60 0.51 0.54 0.65 0.53 0.52 0.64
Fujian 0.19 0.28 0.22 0.20 0.22 0.28 0.22 0.28 0.29
Gansu 0.60 0.27 0.37 0.57 0.25 0.37 0.56 0.25 0.39

Guangdong 0.26 0.30 0.27 0.23 0.32 0.29 0.25 0.31 0.34
Guangxi 0.19 0.21 0.24 0.19 0.21 0.26 0.21 0.23 0.27
Guizhou 0.17 0.22 0.18 0.19 0.23 0.20 0.18 0.22 0.19
Hannan 0.10 0.18 0.20 0.13 0.18 0.20 0.17 0.20 0.22
Hebei 0.13 0.14 0.16 0.13 0.14 0.17 0.13 0.14 0.19
Henan 0.14 0.10 0.11 0.14 0.12 0.12 0.14 0.12 0.13

Heilongjiang 0.36 0.23 0.37 0.28 0.19 0.35 0.27 0.20 0.34
Hubei 0.15 0.15 0.22 0.14 0.15 0.23 0.20 0.19 0.31
Hunan 0.13 0.12 0.18 0.15 0.13 0.20 0.12 0.13 0.22

Jilin 0.22 0.18 0.31 0.22 0.17 0.36 0.24 0.21 0.37
Jiangsu 0.13 0.10 0.11 0.13 0.12 0.12 0.14 0.13 0.13
Jiangxi 0.19 0.15 0.17 0.19 0.16 0.18 0.18 0.18 0.20

Liaoning 0.27 0.23 0.25 0.26 0.24 0.27 0.28 0.25 0.29
Inner Mongolia 0.43 0.27 0.41 0.49 0.28 0.43 0.51 0.29 0.45

Ningxia 0.15 0.11 0.12 0.13 0.13 0.13 0.14 0.15 0.15
Qinghai 0.51 0.47 0.66 0.47 0.42 0.59 0.45 0.37 0.64

Shandong 0.16 0.13 0.17 0.16 0.14 0.17 0.18 0.14 0.19
Shanxi 0.18 0.21 0.25 0.16 0.22 0.26 0.16 0.21 0.28
Shaanxi 0.28 0.32 0.36 0.30 0.31 0.37 0.34 0.35 0.44

Shanghai 0.39 0.49 0.50 0.42 0.49 0.50 0.45 0.50 0.52
Sichuan 0.34 0.39 0.66 0.36 0.38 0.65 0.40 0.36 0.70
Tianjin 0.53 0.56 0.57 0.40 0.47 0.50 0.42 0.45 0.48
Tibet 0.24 0.19 0.28 0.23 0.18 0.28 0.23 0.18 0.30
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Table A1. Cont.

Province 2007 2012 2018

TP-IRR TP-PA TP-WATT TP-IRR TP-PA TP-WATT TP-IRR TP-PA TP-WATT

Xinjiang 0.36 0.33 0.32 0.40 0.34 0.33 0.41 0.36 0.33
Yunnan 0.20 0.16 0.22 0.18 0.16 0.22 0.16 0.17 0.22
Zhejiang 0.10 0.17 0.18 0.12 0.15 0.22 0.14 0.17 0.21

Chongqing 0.26 0.24 0.31 0.26 0.23 0.33 0.26 0.28 0.31
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