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Abstract. While extensive research links the transportation infrastructure to reductions in the urban—rural
income gap (URIG) in support of Sustainable Development Goal 10 (reduced inequalities), little attention
has been paid to the underlying mechanisms related to land (e.g., land green use efficiency and land value).
Using 3843 observations across 283 Chinese cities from 2008 to 2023, this study treats high-speed rail
(HSR) openings as a quasi-natural experiment and employs a staggered difference-in-differences method
to both estimate the effect of HSR development on the URIG and identify the role of land-related factors
in the mechanism. Results showed that HSR development significantly narrows the URIG, primarily by
improving land green use efficiency and raising land value. The effect is more pronounced in non-central
cities and regions with greater HSR service accessibility (i.e., stronger intercity connectivity). These
findings enrich the theory at the intersection of transportation, applied ecology, and environmental
governance and provide useful insights for political decision-making.
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Introduction

Income inequality, a critical social issue, has drawn widespread attention from
scholars, governments, and the public (Wei, 2015; Wei et al., 2017). In recent decades,
income inequality, particularly the urban—rural income gap (URIG), has intensified in
developing countries (Breau, 2015), posing a challenge to the global Sustainable
Development Goals. Although China has achieved extraordinary economic growth over
four decades of reform and opening-up, structural imbalances persist, with the URIG
remaining a major concern. Data from China’s National Bureau of Statistics (2023)
indicate that the disposable income of urban residents is 2.39 times that of rural residents,!
while the World Bank reports that this ratio in developed countries is below 1.5.

According to the literature, the factors affecting the URIG can be classified as
endogenous and exogenous. Endogenous factors are primarily related to economic
growth, such as urban expansion (Zhong et al., 2022), urbanization (Su et al., 2015; Yuan
et al., 2020), digital economy or digital technologies (Jiang and Jin, 2024; Shen et al.,
2025; Wang et al., 2023b; Xia et al., 2024; Yin and Choi, 2022), and financial
development (Liu et al., 2025; Wang et al., 2023a; Xu and Wang, 2023; Zheng et al.,

! https://www.stats.gov.cn/sj/zxfb/202401/t20240116_1946622.html.
2 https://data.worldbank.org.
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2025). Exogenous factors include natural disasters (Cheng et al., 2025; Lin and Wang,
2024) and government policy interventions, such as energy transitions (Gao et al., 2023),
rural revitalization (Tan et al., 2025), and poverty alleviation programs (Tang et al., 2022;
Zhou et al.,, 2023). In addition to these key factors, transportation infrastructure
development is frequently cited as an important explanation for the URIG (Li et al., 2023;
Luetal., 2022; Sun et al., 2025), with high-speed rail (HSR) development being a notable
example (Jia et al., 2024; Liu and Lin, 2025). China’s exploration of HSR began in the
1990s, building experience through quasi-HSR upgrades on the Guangzhou—Shenzhen
line and speed-increase pilots on major corridors. The Qinhuangdao—Shenyang Passenger
Line, which opened in 2003 with a design speed of 250 km/h, served as a pivotal
quasi-HSR experiment. The Beijing—Tianjin Intercity Railway, launched in 2008 with a
350 km/h design speed, marked the formal start of China’s HSR era. Since then, the
network has expanded rapidly. Given this, we plot Figure 1 to depict the spatial
distribution of China’s HSR network.
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Figure 1. Spatial distribution of the high-speed rail network. Data sourced from the China State
Railway Group and processed by the authors using OpenQGIS (www.openstreetmap.org)

As China’s HSR expanded, its definitions and technical standards were progressively
clarified. The National Railway Administration’s Code for Design of High-Speed
Railway defines HSR as newly built, standard-gauge passenger-dedicated lines
designed for 250-350 km/h and operated with electric multiple unit trains.? In addition,
to support an integrated transport network, the National Development and Reform
Commission’s Medium- and Long-Term Railway Network Plan broadens its scope:
Lines operating at 200 km/h or above—including upgraded legacy corridors—are

3 https://www.doc88.com/p-91173405929498 html.
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incorporated into the HSR network to accommodate regional transport needs and
heterogeneous development levels.*

However, the impact of HSR development on the URIG remains contested. Some
scholars argue that the introduction of HSR development has reduced the URIG (Jin et
al., 2024; Li and Zhang, 2024; Liu and Lin, 2025; Wang et al., 2024). Others hold the
opposite view, suggesting that HSR development exacerbates the URIG (Jia et al., 2024;
Sun et al., 2023; Xu and Zhu, 2024; Yoo et al., 2024). These disagreements motivate the
key research question (RQ) of this study:

RQI1: Does HSR development narrow the URIG?

Additionally, prior work largely agrees that HSR affects the URIG through human
capital (Kong et al., 2024; Sun et al., 2023; Xu and Zhu, 2024), employment structure (Di
Matteo and Cardinale, 2023; Li and Zhang, 2024), industrial upgrading (Jin et al., 2024;
Liu and Lin, 2025), travel accessibility (Li et al., 2023; Wang et al., 2024), and financial
capital (Liu and Lin, 2025; Xu and Zhu, 2024). Yet, land-based mechanisms remain
underexplored. In fact, HSR construction reshapes urban land use (Chen et al., 2021;
Wenner and Thierstein, 2022). It converts agricultural land to urban uses (Yu et al., 2022),
reallocates land resources (Lu and Li, 2025; Niu et al., 2021), and shifts land value (Jiao
et al., 2025; Okamoto and Sato, 2021; Wu et al., 2024). For example, Yoo et al. (2024)
show that, from 2000 to 2019, Japan’s HSR raised urban land prices by 39.38% and
lowered rural land prices by 21.13%. Despite this evidence, the literature has not
identified how land-use and land-value changes mediate the HSR-URIG link.
Particularly, China’s rapid buildout of transport infrastructure—exemplified by the 2008
opening of the Beijing-Tianjin Intercity HSR—marked a major milestone that
substantially reshaped the country’s land structure. This leads to the second RQ of this
study:

RQ2: Do land factors (e.g., land green use efficiency and land value) play a critical
role in the effect of HSR development on the URIG?

The RQs above remain unanswered and warrant further empirical inquiry. To address
this gap, we utilize panel data from 283 Chinese cities from 2008 to 2023 and apply a
staggered difference-in-differences (DID) approach, leveraging the “HSR opening” in
China as a quasi-natural experiment. The substantial cross-city variation in the “HSR
opening” years provides a unique identification mechanism for this method design.
Within this framework, we first investigated the direct influence of HSR development on
the URIG. We find that HSR development could really narrow the URIG. Specifically, a
1% increase in HSR development reduces the URIG by 0.4%. These results remain robust
after a battery of checks. Second, focusing on land-related mechanisms, we test whether
land green use efficiency and land value mediate this relationship. We show that HSR
development significantly improves land green use efficiency and raises land value in
HSR-served cities, thereby narrowing the URIG. Third, we further document
heterogeneity by city type and HSR service accessibility. The URIG-reducing effect of
HSR is stronger in cities with non-central and higher HSR service accessibility.

This study makes three key contributions: First, it explores how changes in land green
use efficiency and land value driven by HSR development influence the URIG,
contributing new insights to the applied ecology field. Unlike prior studies that focus on
industrial upgrading (Jin et al., 2024; Liu and Lin, 2025), human capital spillovers (Kong
etal., 2024; Sun et al., 2023; Xu and Zhu, 2024), and financial capital (Liu and Lin, 2025;

4 https://www.ndrc.gov.cn/fggz/zcss{z/zcgh/201607/W020190910670620449319.pdf.
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Xu and Zhu, 2024) as mechanisms linking HSR development and the URIG, this study
innovatively examines the role of land-related factors.

Second, we introduce a context-driven innovative perspective, focusing on
heterogeneity by city type (core vs. non-core) and regional HSR service accessibility, to
inform differentiated HSR investment strategies. This perspective departs from prior
studies that examine heterogeneity across China’s eastern, central, and western regions
(Sun et al., 2023), across city tiers (Liu and Lin, 2025; Sun et al., 2023), or across
industries (Jin et al., 2024; Zhang et al., 2022).

Third, our methodology delivers credible evidence to resolve debates in the literature.
We employ a staggered DID method and conduct extensive robustness checks, with a
focus on treatment-effect heterogeneity in staggered DID. Cities with HSR openings at
different times may receive varying weights, potentially biasing the results. As De
Chaisemartin and D’Haultfoeuille (2020) note, this method essentially builds a two-way
fixed-effects (TWFE) model to estimate the average treatment effect. We test for
heterogeneous treatment effects in the staggered DID and add a suite of validations:
parallel-trends tests, placebo tests using simulated HSR opening dates, exclusion of
special samples, and an alternative dependent variable. All results consistently show that
HSR development narrows the URIG, ensuring robustness and reliability.

The remainder of the paper is structured as follows. The Theory and Hypotheses
section lays out the conceptual framework and research expectations. The methodology
section explains the data sources, variable declaration, and empirical model. The Results
and Discussion section analyzes and discusses the empirical findings. The Conclusion
and Policy Recommendations section summarizes the study and offers policy advice.

Theory and hypotheses
HSR development and URIG

Transportation systems profoundly affect income distribution by transforming the
economic geography and influencing outcomes (Li and DaCosta, 2013). Prior studies
examine these impacts extensively (Huang et al., 2020; Lu et al., 2022). HSR, as one of
the fastest-growing transportation modes, can offer speed, punctuality, and comfort,
facilitating more efficient connections between cities and playing an increasingly vital
role in intercity transportation. China has constructed the largest HSR network in the
world over the past decade. Its high speed and density have generated a profound time-
space compression effect, transforming spatial accessibility and urban transportation.
This has enhanced the movement of people, commodities, and information, boosting the
economic power of regions along HSR routes and accelerating economic integration
(Zheng et al., 2019; Zheng and Kahn, 2013). Consequently, the association between HSR
development and the URIG has garnered substantial research attention. For instance,
studies find that HSR alleviates regional inequality by improving accessibility in
underdeveloped areas (Li et al., 2023; Wang et al., 2024). Compared to air transportation,
HSR connects more cities along its routes, enhancing the accessibility of local and
surrounding areas. One characteristic of HSR development in China is the location of
HSR stations, with most stations constructed in urban—rural fringe areas. This choice is
driven by two factors: first, building stations in relatively remote areas reduces
development costs; second, with rapid urbanization and ongoing city expansion,
constructing HSR stations in suburban areas promotes urban growth. The establishment
of HSR stations creates jobs in suburban regions that link rural and urban economies,
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positively impacting residents’ wages (Liu and Yang, 2023). This raises rural workers’

income from urban jobs, narrowing the URIG. Similarly, Li and Zhang (2024) find that

HSR introduces additional job options for rural inhabitants, indirectly reducing urban—

rural disparities. Thus, to directly answer RQ1, we propose the following hypothesis:
HI. HSR development narrows the URIG.

HSR development, land green use efficiency, and URIG

HSR stations often anchor new urban nodes, triggering spatial reconfiguration and land-
use redesign in adjacent areas (Gong and Li, 2022; Lu and Li, 2025; Wenner and Thierstein,
2022). Planners commonly rezone these precincts for commercial, residential, or mixed
uses (Yu et al., 2022). These reallocations do more than intensify development; they
optimize the structure, function, and environmental performance of urban land. By creating
well-connected public spaces and infrastructure, they lower transaction and coordination
costs; support effective fiscal decentralization; and strengthen the legitimacy, efficiency,
and equity of green land-use and public land strategies (Yilmaz and Bilim, 2024).

Critically, HSR-induced restructuring raises land-use density where appropriate and
channels development toward transit-proximate areas. This, in turn, enables the
conversion and ecological upgrading of underutilized or low-productivity parcels into
parks, green corridors, and other ecosystem-serving spaces. Such measures enhance land
green use efficiency by delivering more economic and social output per unit of land and
energy while reducing environmental externalities. Previous empirical evidence shows
that HSR operations increase urban land-use intensity by roughly 4.4%, and upgraded
HSR stations generate stronger green land-use gains than newly built ones (Niu et al.,
2021). Cross-country evidence in Europe shows that stations nearer to urban cores and
better integrated with public transit see larger improvements in land green use efficiency
(Wenner and Thierstein, 2022). Similarly, opening of an HSR line in California shifted
the surrounding land toward higher-value, transit-compatible uses, improving land green
use efficiency (Wang et al., 2017).

Improvements in land green use efficiency propagate through local and regional
economies. Higher-density, mixed-use, and transit-accessible environments raise
commercial activity and housing demand, attracting private investment to HSR-adjacent
districts (Haoran et al., 2022). These gains extend these effects into suburbs and nearby
rural areas, facilitating the coordinated integration and ecological restoration of rural land
resources (Yin et al., 2020). This integrated development links rural residents to urban
labor markets, broadens employment choices, and supports diversification of rural
economies (Li and Zhang, 2024). As rural incomes rise and regional consumption and
investment deepen, the URIG narrows. Thus, to explore the land green use efficiency
mechanism posed in RQ2, we posit the following hypothesis:

H?2. HSR development narrows the URIG by improving land green use efficiency.

HSR development, land value, and URIG

Opening of HSR not only enhances a city’s locational attractiveness but also triggers
significant fluctuations in land prices along its routes. The “siphoning effect” is a key
mechanism by which HSR networks influence land prices (Wu et al., 2024). For example,
Yoo et al. (2024) observe that HSR expansion increased urban land prices by 39.38%.
Similarly, Huang and Du (2021) demonstrate that HSR positively impacts land prices,
with stronger effects observed in cities with higher population density, greater reductions
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in travel time, and more pronounced spatial fragmentation. Okamoto and Sato (2021) also
confirm this through their study on the Kyushu Shinkansen in Japan, which shows that
metropolitan areas benefited from HSR, experiencing significant land price increases.
HSR stations are often located in suburban areas in China, acting as hubs for new urban
development (Diao et al., 2017). Local governments actively attract HSR investment and
develop new districts around stations, aiming to sell land at higher prices and increase
land transfer revenue (Chang and Murakami, 2019). HSR stations maximize the
geographic and time accessibility of these areas and influence real estate developers who
are willing to pay a premium to acquire land in proximity to HSR stations (Chen and
Haynes, 2015). Moreover, previously remote or inaccessible rural areas benefit directly
from improved accessibility after HSR station construction. This increases the use value
and commercial potential of rural land, enabling farmers to earn higher incomes by selling
or leasing their land (Chang et al., 2022), thereby balancing income levels between urban
and rural regions. Accordingly, to investigate the land-value mechanism in RQ2, we
propose the following hypothesis:
H3. HSR development narrows the URIG by raising land value.

Methodology
Empirical model
Baseline model

To test HI, we use “HSR opening” as an exogenous policy shock in a quasi-natural
experiment. This technique is justified by the staggered schedule of HSR openings across
Chinese cities, which lacked a uniform starting point. Among the eight sampled prefecture-
level cities—including Shenyang, Hefei, and Nanjing—were the first to open HSR lines in
2008. Since then, the HSR network has rapidly expanded. In other words, HSR openings
in China occurred incrementally on an annual basis. Figure 2 describes the changes in the
length of China’s HSR network from 2008 to 2023. Specifically, the total length of HSR
lines increased from 1043.5 km in 2008 to 64163.281 km in 2023, reflecting an average
annual growth of more than 3900 km. The most notable surge occurred after 2013, when
the network length surpassed 20,000 km and continued to accelerate.
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Figure 2. Changes in the length of the high-speed rail network in China from 2008 to 2023.
Data sourced from China State Railway Group by the authors
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Furthermore, HSR construction was part of a national strategic plan, beyond the
control of local governments (Wang et al., 2019). This unique data structure allows us to
consider HSR openings as a “quasi-natural experiment.” Following Qing et al. (2025) and
Jin et al. (2022), we use a staggered-DID method, fundamentally a TWFE model (Eq. 1),
to ascertain the causal impact of HSR development on the URIG.

URIG,; = a + BDID.; + AControls.; + Y, Year + ), City + €. (Eq.1)

where ¢ denotes the city and t signifies the year. URIG is the core dependent variable that
quantifies the income gap between urban and rural regions. DID is the key independent
variable, a dummy for HSR opening. If a prefecture-level city has an HSR station, it is
considered to have HSR access and assigned a value of 1, categorizing it as the treatment
group. Cities without HSR access are classified as the control group and assigned a value
of 0. B is the primary interest coefficient. Controls represents a set of control variables.
€ denotes the random error component, whereas a signifies the constant term. Year and
City represent year and city fixed effects, respectively, which absorb the time- and
location-specific heterogeneity and together constitute the TWFE structure of our
staggered-DID estimator. In addition, to address heteroskedasticity and potential
autocorrelation within cities across time, we apply cluster-robust standard errors at the
city level.

Mediation model for mechanism analysis

To test H2 and H3, we follow the approach of Qing et al. (2024): we replace the
dependent variable in Equation I with the mechanism variable (Mechanism.;) and
employ the mediation model (£q. 2) to examine the mechanisms, including land green
use efficiency and land value:

Mechanism, = a + BDID.; + AControls,; + Y. Year + Y, City + €.+ (Eq.2)

where Mechanism,; includes land green use efficiency and land value. All other
variables follow the definitions in Equation 1.

Variables declaration
Independent variable: HSR development

Following Jin et al. (2022), we treat “HSR opening” as an exogenous policy shock and
measure the core independent variable—HSR development—using a dummy variable
approach, denoted as HSR_DID. The assignment of values to the DID variable is as
follows: Cities are coded 1 in the treatment year of the first HSR opening and in all
subsequent years; cities without an opening are coded 0 as controls. Classification of
whether a city has HSR access is based on the earliest year of HSR operation in that city.’
If the HSR line opened before July of a given year, it is considered operational for that
year. If it opened after July, it is considered operational starting the following year.$
Figure 3 shows the trend of the proportions of cities marked as HSR or non-HSR. The

5 If any county (district or city) under a city has an HSR station, the city is considered to have HSR access.
6 For example, the Wuhan-Guangzhou HSR opened in December 2009. We classify cities along this route
with HSR access for the first time as having opened HSR in 2010.
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number of cities with HSR service (blue bars) rises sharply and persistently, increasing
from 34 in 2008 to 270 in 2023. Conversely, the number of cities without HSR (orange
bars) declines markedly and continuously, falling from 249 in 2008 to 13 in 2023. These
patterns indicate that China’s HSR network now covers the vast majority of sample cities.
Additionally, the crossover—when HSR cities outnumber non-HSR cities—occurs in
2014, marking a pivotal year in the network’s expansion.
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Figure 3. Trend of the proportions of the cities marked as high-speed-rail or non- high-speed-
rail cities. Data sourced from the China State Railway Group by the authors

Dependent variable: URIG

Scholars often measure the URIG using indicators such as the Gini coefficient
(Molero-Simarro, 2017), urban—rural disposable income ratio (Yang, 2023), and Theil
index (Fang et al., 2023; Tang et al., 2022). Among these, the Theil index, introduced by
econometrician Theil in 1967, is a widely used measure to assess income disparities (or
economic inequality) between individuals or regions. Its calculation is based on income
ranking or population classification, comparing disparities between any two income
intervals. The Theil index captures absolute changes in both urban—rural income and
population, offering significant advantages (Schneider, 2021). Consequently, in
accordance with Wang et al. (2024), we employ the Theil index to assess the URIG, as
detailed in Equation 3:

Theil;, = ’;zl%‘:ln (’%; /%) (Eq.3)
where t reflects the year, and i denotes the region. The Theil index, denoted as Theil,
shows that a larger value signifies a greater level of URIG. n = 2, and j = 1,2 represents
urban and rural regions, respectively. Pj; denotes the disposable income of urban
inhabitants (j = 1) or rural people (j = 2) in region i during year t. P;; denotes the
aggregate disposable income, including urban and rural, in region i for year t. Zj;;
denotes the number of urban or rural inhabitants (j = 1, j = 2) in region i during year t,
whereas Z;; signifies the aggregate urban and rural population in region i during year t.
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Moreover, we plot Figure 4 to visualize the trends in the heterogeneity between the
rural and urban income gap (based on the Theil index) across sample cities from 2008 to
2023. Overall, both the treatment and control groups exhibit a declining URIG, yet clear
between-group heterogeneity persists: the gap in the treatment group remains consistently
lower than in the control group. This trend suggests that macroeconomic conditions or
policies may have curbed the expansion of urban—rural inequality, providing visual
support for our subsequent assessment of HSR openings’ effects on the URIG.
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Figure 4. The trends in the heterogeneity between the rural and urban income gap

Mechanism variables

(1) Land green use efficiency ( Land_efficiency). Land green use efficiency
represents the association between inputs—Iland, capital, and labor—and outputs,
including economic, social, and ecological benefits under specific production conditions.
Its core is to maximize target outputs with minimal input and the lowest pollution costs
(Ferreira and Féres, 2020). First, based on data availability and representativeness, and
following Li et al. (2025), Qian and Luo (2024), and Zhang et al. (2024), this study
develops an evaluation index system for land green use efficiency (see Appendix). Inputs
include land, capital, and labor, while outputs cover desirable and undesirable outcomes.
Specifically, land input is measured by urban construction land area, and capital input is
determined by the perpetual inventory technique to transform fixed asset investment into
capital stock. Labor input refers to employees in secondary and tertiary industries.
Desirable outputs are proxied by the gross domestic product, while undesirable outputs
are measured by urban carbon emissions and energy consumption, respectively. To
reduce biases and outliers, all indicator data are transformed logarithmically.

Second, following Zhang et al. (2024), we use the super-efficient slacks-based measure
(SBM) model to measure land green use efficiency, denoted as Land_ef ficiency. The
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non-radial, non-oriented SBM method, introduced by Tone (2001), addresses input
excess and output shortfalls. Unlike traditional radial models, it not only incorporates
proportional radial improvements between decision-making units (DMUs) and frontier
target values but also addresses slack and non-radial improvement issues, providing
strong efficiency discrimination (Hao et al., 2022). The SBM technique addresses the
efficiency overestimation issue inherent in standard radial data envelopment analysis
(DEA) models—including the Banker, Charnes, and Cooper; Charnes Cooper, and
Rhodes; and basic directional distance function models—by considering slack variables.
Therefore, the super-efficiency SBM-DEA model resolves the ranking issue among
efficient DMU s in traditional DEA. It differentiates DMUs with efficiency scores greater
than 1 and yields a more precise measure of land green use efficiency. The computation
follows Equations 4 and 5:

1 em Si
1 mXZi=1X0

p = min— . ~ ({(=12,..mr=12,..,5;k=12,..,5) (Eq4)
1+Sl+52 <Zii1ng,r0+ziilj_§>
( XO = X X /1 + S_
Yo =Y9IxA—59
Subject to Yo=Y xA+SP (Eq.5)
l $>059>0,S">0
i=12,..mr=12..,S:k=12..5,

where p denotes each city’s land-use efficiency, while m is the number of input
indicators. S; and S, represent the quantities of desired and undesired output indicators,
respectively. S~ and X; denote input slacks and input variables, respectively. S and Y7
represent shortfalls in desired outputs and corresponding desired output variables, while
SP and Y} indicate excesses in non-desired outputs and their associated variables,
respectively. 4 is the weight vector. X, Yog ,and Y are the actual values of input, desired-
output, and non-desired-output variables for the DMUs, respectively. Additionally, X,
Y9, and SY denote the estimated inputs, desired outputs, and undesired outputs required
by the DMUs, respectively. S~, S9, and S? are the observed input slacks, desired-output
shortfalls, and undesired-output excesses for the DMUs, respectively.

(2) Land value (Land_value). We follow the methodology of Huang and Du (2021)
and use the logarithm of land transfer fees as a proxy for land value. Land transfer fees
refer to payments collected by the government when granting land-use rights to
developers. These fees reflect the market value of land, influenced by factors such as
supply and demand, land location, availability, and expected usage. The level of land
transfer fees directly indicates the economic value of the land and the market’s assessment
of specific parcels. Compared to other land value measurement methods, land transfer
fees are typically recorded and published by local governments during public market
transactions, such as on the China’s Land Market website (http://www.landchina.com/).
This makes the data easily accessible, highly reliable, and standardized.

Control variables

Beyond the focus on HSR development, numerous factors may contribute to widening
or narrowing the URIG. Following Sun et al. (2023), we include several city-level control
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variables: city size (size), economic development level (Inpgdp), industrial structure
(struct), openness level (open), financial development (fin), urbanization level (urban),
unemployment rate ( unemploy ), and government intervention ( gov ). Table I
summarizes the measurements of all variables.

Table 1. Description of variables

Variables Name Symbol Description Data sources

Official website of the China
State Railway Group
(http://www.china-
railway.com.cn/), National
Railway Administration
announcements, news reports
(http://www.nra.gov.cn/), and
the 12306 website
(https://www.12306.cn/index/)

China Urban Statistical
Yearbook (2009-2024), China
Rural Statistical Yearbook
URIG Refer to Equation 3 (2009-2024), and Statistical
Communique on National
Economic and Social
Development (2009-2024)

Urban and Rural
Construction Statistical
Yearbook (2009-2024), China
Statistical Yearbook (2009—

Cities are coded 1 in the treatment year of
the first HSR opening and all subsequent
years; cities without an opening are coded 0
as controls

High-speed rail
Independent (HSR) HSR_DID
development

Urban-rural

Dependent .
income gap

Lag;lﬁ %ri:::lz use | nd e fficiency Itis measu;e;is :37 Iﬁl:azﬁf:ﬁ(fggent slacks- 2024), China Energy
y Statistical Yearbook (2009~
2024), and Emissions
Database for Global
Mechanisms Atmospheric Research
China Land Market Network
(https://www.landchina.com),
China Land and Resources
Statistical Yearbook (2009—
Land value Land_value Ln(land transfer fees) 2024). China Land and
Resources Yearbook (2009—
2024), and official websites of
various prefecture-level cities
City size size Ln(urban registered population)
Economic . .
development level Inpgdp Ln(per capita gross domestic product)
Industrial struct Instruct Added value of the tertiary industry
ndustnial structure nstruc Added value of the second industry
Actual foreign direct investment
Openness level open Regional gross domestic product China Urban Statistical
- - - — Yearbook (2009-2024) and
Controls leanc1al fin Loan balances of f lna.nczal institutions the National Bureau of
development Gross domestic product Statistics
L Non — agricultural population
Urbanization level urban - -
Registered population
Unemployment Unemployed urban population
unemploy -
rate Total population
Government Local fiscal general budget expenditurd
intervention gov Regional gross domestic product

Samples and data sources

We ascertain the causal impact of HSR development on the URIG, based on a panel
dataset of 3,843 observations from 283 cities in China spanning 2008 to 2023. Cities with
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substantial missing data within this time frame are excluded. Data on the URIG are sourced
from the China Urban Statistical Yearbook (2009—2024), China Rural Statistical Yearbook
(2009-2024), and Statistical Communique on National Economic and Social Development
(2009-2024). HSR data are collected from the official website of the China State Railway
Group,’ National Railway Administration announcements, news reports,® and the 12306
website.” Data on land green use efficiency are derived from the Urban and Rural
Construction Statistical Yearbook (2009-2024), China Statistical Yearbook (2009-2024),
China Energy Statistical Yearbook (2009-2024), and Emissions Database for Global
Atmospheric Research. Land value data are compiled from the China Land Market Network
(https://www.landchina.com), China Land and Resources Statistical Yearbook (2009—
2024), China Land and Resources Yearbook (2009—2024), and official websites of various
prefecture-level cities. Control variables are extracted from the China Urban Statistical
Yearbook (2009-2024) and National Bureau of Statistics. Missing data for certain cities are
supplemented using interpolation. Table 2 reports the descriptive statistics.

Table 2. Descriptive statistics

Variables Obs Mean SD Min p25 p50 p75 Max
URIG 3843 0.077 0.046 0.006 0.044 0.067 0.102 0.234
HSR DID 3843 0.578 0.494 0 0 1 1 1
size 3843 5.909 0.654 3.991 5.528 5.941 6.375 7.238
Inpgdp 3843 10.66 0.734 9.022 10.16 10.61 11.13 12.47
struct 3843 1.042 0.549 0.300 0.681 0.915 1.235 3.443
open 3843 0.002 0.003 0 0 0.002 0.004 0.012
fin 3843 2.519 1.187 0.929 1.671 2.221 3.030 6.752
urban 3843 0.390 0.207 0.105 0.234 0.335 0.505 0.991
unemploy 3843 3.096 0.807 1.200 2.490 3.130 3.710 5.020
gov 3843 0.192 0.093 0.070 0.129 0.168 0.227 0.600

Results and discussion
Baseline regression

We use a sequential regression to evaluate HSR’s impact on the URIG, with findings
displayed in Table 3. Column (1), without controls and fixed effects, yields a large negative
effect of HSR development on the URIG (coefficient =-0.043, p < 0.01). Adding city and
year fixed effects in Column (2) retains a significant negative impact of HSR_DID on
URIG (coefticient = -0.005, p < 0.01). Column (3), with controls but no fixed effects, again
yields a strong negative effect of HSR_DID on URIG (coefficient =-0.019, p <0.01).
Column (4), with both controls and fixed effects, confirms a negative persistence of this
effect at the 1% significance level. Specifically, a 1% rise in HSR_DID lowers URIG by
0.4% (coefficient =-0.004, p <0.01). Thus, overall, HSR development robustly narrows
the URIG, supporting H1. Our findings align with Chen et al. (2023) and Li et al. (2020),
who show that HSR reduces county-level economic disparities and narrows China’s URIG,

7 http://www.china-railway.com.cn/.
8 http://www.nra.gov.cn/.
? https://www.12306.cn/index/.
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respectively. By contrast, our results diverge from Sun et al. (2023), who, using panel data
of 285 prefecture-level cities from 2004 to 2018, report that HSR opening widens the
URIG. This discrepancy likely reflects the dynamic, stage-dependent nature of HSR effects.
The window of Sun et al. (2023) ends in 2018 and thus primarily captures early
agglomeration effects that can temporarily widen gaps between core cities and surrounding
areas. By extending the sample to 2023, we observe HSR network maturation, bringing a
stronger economic boost, especially in rural economies, thus narrowing the URIG.

Table 3. Baseline regression

. @ () 3) “)
Variables
URIG URIG URIG URIG
-0.043*** -0.005%** -0.019*** -0.004***
HSR DID
- (-12.46) (-2.90) (-6.57) (-2.77)
) 0.006** 0.022%*
size
(2.02) (2.35)
Inoed -0.022%** -0.024***
n
PECP (-7.50) (-5.37)
-0.011** -0.003
struct
(-2.44) (-1.3D)
-0.998%** -1.655%**
open
(-2.3D) (-4.86)
0.003* 0.001
fin
(1.82) (1.05)
-0.059*** 0.030%**
urban
(-6.02) (2.96)
0.001 0.001
unemploy
(0.34) (1.57)
0.052%*%* -0.054***
gov
(2.13) (-3.28)
0.102%** 0.080%** 0.310%** 0.198**
Constant
(27.21) (84.51) (7.76) (2.48)
Observations 3843 3843 3843 3843
R-squared 0.206 0914 0.534 0.924
City FE No Yes No Yes
Year FE No Yes No Yes

% p <0.01, ¥* p <0.05, * p <0.1; Robust t-statistics in parentheses. FE: fixed effects

Robustness checks

We performed multiple robustness checks to validate the baseline estimates of the
effect of HSR development on the URIG.

Parallel trend test

The parallel trend test is conducted to validate the DID method. Figure 5 presents the
test results, where the horizontal axis indicates policy times, with “current” marking the
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policy’s start in 2008 and estimated coefficients of interventions on the vertical axis. For
the pre-policy period (pre 5 to pre 1), the estimated coefficients follow oscillatory
behavior around the zero line, where the confidence intervals span zero. The result
suggests no statistically significant difference in the behavior before treatment between
the treated and control groups. Second, at the point of policy implementation (current),
there is no abrupt deviation in the trend, further validating the absence of pre-treatment
biases. Third, after the policy implementation (post 1 to post_5), the confidence intervals
do not overlap with zero for most observations, and the estimated coefficients become
increasingly negative, indicating a reduction in the URIG. Moreover, the trend becomes
more pronounced over time, implying that the influence of HSR development
accumulates. Thus, the results support the robustness of the DID method by validating
the parallel trend assumption.

o e

»———70/————4

Estimate coefficient

. 005

T T T T T T T T
pre_5 pre_4 pre_3 pre_2 current post_1 post_2 post_3 post_4 post_5

Policy timing

Figure 5. Parallel trend test. (Because the first pre-treatment period serves as the baseline
group, we omit data for the pre_1 period)

Staggered DID treatment effect

Staggered adoption of “HSR opening” across cities and timeframes is typically analyzed
using a TWFE model. However, due to variations in policy adoption timing, the TWFE
model often employs a weighted 2x2 sample estimation approach (Goodman-Bacon,
2021), which can introduce bias. Specifically, when previously treated units act as controls
for subsequently treated units, it can result in skewed estimates (Callaway and Sant’ Anna,
2021; De Chaisemartin and D’Haultfceuille, 2020). To address this, we apply the weighted
group-time average treatment effect on the treated (ATT) methodology introduced by
Callaway and Sant’ Anna (2021), which accounts for treatment heterogeneity across groups
and periods. Table 4 presents an ATT coefficient of -0.175, indicating that HSR
development reduces the URIG by 17.5% on average. This impact is statistically significant
at the 5% level (p <0.05) with a z-statistic of -2.25, providing strong evidence that the
observed reduction is improbable to be coincidental. These findings confirm the robustness
and reliability of our conclusion that HSR development significantly narrows the URIG.
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Table 4. Staggered DID treatment effect
1
Variables o
URIG
-0.175%*
ATT

(-2.25)

Observations 1869

City FE YES

Year FE YES

¥k p <0.01, ** p<0.05, * p<0.1; z-statistics in parentheses. ATT: average treatment effect on the
treated; FE: fixed effects

Placebo test

Narrowing of the URIG after HSR opening may stem from other factors such as
unanticipated or unobservable influences coinciding with HSR development. To control
for this, we also conduct a placebo test to provide additional evidence. This test tackles
two key issues of (1) if we have selected random treatments and controls and (2) whether
omitted variables in the baseline regression cause endogeneity. If the HSR variable’s
coefficient becomes smaller or insignificant in the placebo test, the main results are
robust. Figure 6 presents the placebo test results. The horizontal axis shows the placebo
treatment effect estimates, whereas the vertical axis displays their p-values and kernel
density. The blue dots represent p-values for the placebo estimates, with most values
exceeding conventional significance thresholds (e.g., 0.05 or 0.1, marked by the red
dashed line). The red kernel density curve peaks near zero, indicating that placebo
treatments produce no significant effects. These findings strengthen the reliability and
truth of our conclusions.
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Figure 6. Placebo test
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Alternative dependent variable

We perform a sensitivity test by replacing the dependent variable. Building on Zhong et
al. (2022), we measure the URIG (marked as “gap”) as the ratio of urban to rural per capita
disposable income. This metric is common in the literature and straightforward to compute
(Yuan et al., 2022). Information of cities is extracted from the China City Statistical
Yearbook (2009-2024), Provincial Statistical Yearbooks (2009-2024) and Statistical
Bulletins (2009-2024). We interpolate missing values for some years using a linear method.
Column (1) of Table 5 reveals a significant, negative connection between the HSR_DID
and URIG, with a significance level of 5% (coefficient =-0.038, p < 0.05). The evidence
suggests that HSR development decreases the URIG, thereby verifying our main findings.

Table 5. Further robustness checks

Alternative dependent variable |Sample excluding municipalities
Variables -1 -2
gap URIG
-0.038** -0.004**
HSR _DID
- (-2.07) (-2.38)
) -0.08 0.023**
size
(-0.72) -2.37
Inped -0.236%** -0.023***
n
Pecp (-4.87) (-5.25)
-0.023 -0.004
struct
(-0.81) (-1.61)
-19.580%** -1.677%**
open
(-4.18) (-4.70)
0.027* 0.001
fin
-1.89 -1.15
0.231** 0.031%**
urban
-2.05 -3.09
) 0.012 0.001
unemplo
oy 1.4 1.55
-0.874*** -0.052%***
gov
(-4.25) (-3.19)
5.417%%* 0.192%*
Constant
-5.7 -2.41
Observations 3840 3779
R-squared 0.923 0.924
City FE YES YES
Year FE YES YES

This table is consistent with the footnote below Table 3

Excluding municipalities samples

China’s municipalities are better than some cities in terms of economics, urbanization,
population, and quality, which could impact the study’s accuracy. Following Sun et al.
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(2023), we modify the sample by excluding four municipalities—Beijing, Tianjin,
Shanghai, and Chongqing. We then perform regression analysis to verify the results’
reliability. As shown in Column (2) of 7able 5, removing these municipalities leaves the
HSR effect as negative and significant at the 5% level (coefficient =—0.004, p < 0.05).
This implies that HSR opening reduces the URIG. These results remain coherent with our
baseline results.

Endogeneity tests

To address the self-selection bias, we follow Ma et al. (2024) and implement DID
combined with propensity score matching (PSM). All control variables are entered as
covariates. We use 1:1 nearest-neighbor matching to pair treated cities with comparable
controls. Figure 7 shows the PSM distribution. The majority of observations fall within
the common support range. In the mid-to-high range (roughly 0.35-0.95), the green and
red bars are dense, indicating strong overlap across groups and permitting reliable
matches.

0 .2 .4 .6 .8 1
Propensity Score

I Untreated: Off support I vntreated: On support
I Treated: On support [ Treated: Off support

Figure 7. Sample distribution following propensity score matching. X-axis (propensity score):
The likelihood of treatment, that is, a city’s predicted probability of receiving the intervention
(opening its first high-speed rail line) given the covariates, ranging from 0 to 1. Y-axis (bar
height/direction): Relative number of observations within each propensity-score bin and their
group status

Second, we assess balance in the matched sample. Figure 8 presents covariate
differences before and after matching. Before matching, most covariates show large,
mixed-sign biases, signaling substantial gaps between the treated and control groups.
After matching, all covariate biases contract around zero (mostly within + 10%), showing
that PSM markedly improves comparability and achieves good balance.

Finally, we re-run the baseline model. Table 6 confirms a negative HSR—-URIG
correlation at the 10% significance level, consistent with the baseline estimates,
confirming robustness and credibility.
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Figure 8. Covariate balance outcomes

Table 6. Endogenous test: propensity score matching approach

. @
Variables
URIG
-0.002*
HSR DID
- (-1.43)
. 0.013
size
(0.87)
Inped -0.019%**
n
pecp (:3.77)
-0.005*
struct
(-1.72)
-1.457%***
open
(-4.15)
0.000
fin
(0.17)
0.025
urban
(1.63)
) 0.000
unemplo
ploy (0.07)
-0.021
gov
(-1.37)
0.211%*
Constant
(1.98)
Observations 1591
R-squared 0.935
City FE YES
Year FE YES

This table is consistent with the footnote below Table 3
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Mechanism analysis

To probe how HSR influences URIG, we analyze the roles of two mechanisms: land
green use efficiency and land value.

First, we test whether land green use efficiency mediates the HSR—URIG link. Column
(1) of Table 7 shows a positive HSR_DID effect on Land_efficiency
(coefficient = 0.004, p < 0.05). The evidence suggests that HSR improves land green use
efficiency, thereby narrowing the URIG. This finding aligns with H2 and resonates with
prior studies that highlight the land green use restructuring effects of HSR. For instance,
Niu et al. (2021) and Wenner and Thierstein (2022) emphasize that HSR stations—
particularly those well-integrated with urban transit networks—can catalyze greener,
more efficient land development around transport nodes. Our analysis extends this line of
inquiry by empirically linking such land green use efficiency gains to broader
socioeconomic outcomes, specifically reduction of the URIG. This underscores the role
of HSR as not only a transport improvement but also a potential catalyst for sustainable
land restructuring that benefits both urban and surrounding rural area.

Table 7. Mechanisms analysis: land green use efficiency and land value

-1 -2
Variables
Land_efficiency Land_value
0.004** 0.124**
HSR DID
- -2.28 2.3
) -0.016 1.391%**
size
(-1.48) -4.1
tnped 0.004 1.435%**
n
pPECP -0.64 -8.45
0.003 -0.068
struct
-091 (-0.79)
-0.797* 25.895%*
open
(-1.87) -2.02
0 -0.001
fin
(-0.08) (-0.02)
-0.004 0.015
urban
(-0.32) -0.05
-0.001 -0.009
unemploy
(-0.99) (-0.30)
-0.003 2. 187***
gov
(-0.18) -3.14
0.939%** -10.848***
Constant
-8.27 (-3.39)
Observations 3619 3843
R-squared 0.823 0.871
City FE YES YES
Year FE YES YES

This table is consistent with the footnote below Table 3
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Second, we investigate whether land value serves as a mediator between HSR
expansion and the URIG. As reported in Column (2) of Table 7, we find that it has a
robust positive effect on land value equal to 0.124 at the 5% significance level. This
suggests that HSR-induced appreciation in land value represents a significant pathway
through which transport infrastructure can contribute to narrowing the URIG, thereby
supporting H3. Our finding is consistent with prior literature documenting that HSR
expansion exerts a positive effect on land value (Huang and Du, 2021; Okamoto and Sato,
2021; Yoo et al., 2014). By situating this mechanism within the context of the URIG, our
analysis extends the conventional discourse on transport economics. Specifically, rising
land values in connected areas can increase local government revenue through land
finance, potentially enabling greater fiscal transfers or public investments in rural
infrastructure and social services (Chen et al., 2023). Furthermore, appreciation of rural
land near HSR nodes may enhance the asset wealth of rural households, helping reduce
the wealth-based dimension of the urban-rural divide. This linkage underscores the
multifaceted role of HSR, which operates through not only economic channels such as
labor mobility and capital factors (Sun et al., 2023) but also land value effects.

Heterogeneity analysis

We conduct two heterogeneity analyses to gain deeper insights into how HSR
development affects the URIG. These analyses focus on the differences in city type and
HSR service accessibility (i.e., travel convenience to other cities).

First, the heterogeneity analysis is based on city type. Prior research suggests that the
effects of HSR development on URIG exhibit spatial and temporal heterogeneity (Gong
and Li, 2022; Lu et al., 2021; Niu et al., 2021). Therefore, we consider city type as a
contextual factor to further supplement the analysis of how HSR development impacts
the URIG. Following Zheng and Sun (2025), we classify four municipalities, sub-
provincial cities, and provincial capitals as central (code = 1); all other cities are non-
central (code =0). Column (1) of Table 8 reports an insignificant HSR_DID estimate,
indicating that HSR development exerts little influence on the URIG in central cities.
Column (2) shows the results for non-central cities. Here, HSR development reduces the
URIG: the HSR_DID coefficient is negative and significant at the 10% level
(coefficient = —0.003, p <0.1). This finding indicates that in non-central cities, HSR
development has a greater effect on narrowing the URIG. This finding aligns with the
theoretical expectation that HSR tends to produce more pronounced equalizing effects in
non-core regions (Li and Zhang, 2024). Central cities generally possess advanced
infrastructure, diversified industrial structures, and well-developed innovation
ecosystems, which may diminish the marginal impact of additional transport connectivity
(Zhang and Wu, 2022). In contrast, non-central cities—often characterized by relatively
limited access to markets and resources—experience more substantial gains from HSR
through improved mobility, talent inflow, and investment attraction, thereby fostering
rural-urban integration and narrowing the income gap (Sun et al., 2023). Our results thus
corroborate and extend the view that the transport infrastructure can serve as a leveling
tool for lagging regions, particularly outside major urban cores.

Second, the heterogeneity analysis is based on regional HSR service accessibility.
Existing studies suggest that transportation accessibility significantly influences the
URIG within Chinese cities (Jia et al., 2024; Li et al., 2023). Therefore, we further
examine whether the influence of HSR development on narrowing of the URIG varies
with regional HSR service accessibility. As the distribution of HSR stations within a
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region reflects its service accessibility, we use it as a proxy for regional HSR accessibility.
We employ the second quartile of HSR stations as the dividing point (i.e., the dataset’s
median). We split cities into high- and low-accessibility groups and report the results in
in Table 9. In high-accessibility cities, the HSR_DID estimate in column (1) is negative
and significant at the 1% level (coefficient =—0.008, p <0.01), indicating a stronger
URIG reduction where HSR service is more accessible. In low-accessibility cities, the
HSR_DID coefficient in column (2) is insignificant, implying a limited narrowing effect.
This finding aligns with the theoretical perspective that accessibility amplifies the
network effects of transport infrastructure. Regions with dense HSR connections
experience stronger integration of urban and rural economic systems, facilitating efficient
flows of labor, goods, and rural entrepreneurship (Li et al., 2025; Lyu et al., 2025), leading
to a more pronounced reduction in the URIG. By contrast, in areas with limited HSR
accessibility, network effects remain underdeveloped, constraining the potential for
cross-regional spillovers (Li et al., 2025). Our results thus reinforce the view that the
transport infrastructure’s equality outcomes are not uniform but are contingent on the
broader connectivity context.

Table 8. Heterogeneity analysis: city type

Central cities Non central cities
Variables -1 -2
URIG URIG
-0.005 -0.003*
HSR DID
- (-0.92) (-1.88)
. -0.019 0.017
size
(-0.79) -1.4
Inped -0.028%* -0.026%***
n
Pecp (-1.97) (-5.60)
0 -0.006**
struct
(-0.02) (-2.28)
-0.239 -1.930%**
open
(-0.44) (-4.80)
-0.004 0.001
fin
(-1.14) -0.8
-0.002 0.030%**
urban
(-0.08) -2.78
) 0 0.001
unemplo
ploy 20.06 1127
-0.023 -0.047%**
gov
(-0.39) (-3.02)
0.514* 0.263***
Constant
-1.95 -2.95
Observations 497 3323
R-squared 0.858 0.927
City FE YES YES
Year FE YES YES

This table is consistent with the footnote below Table 3
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Table 9. Heterogeneity analysis. accessibility of high-speed rail services

High-accessibility cities Low-accessibility cities
Variables -1 -2
URIG URIG
-0.008*** -0.001
HSR_DID
- (-3.78) (-0.59)
. 0.023** -0.003
size
-2.48 (-0.22)
T -0.031%** 0.003
n
pecp (-6.91) -0.49
-0.003 -0.001
struct
(-0.80) (-0.38)
-1.510%%* -0.873%%*
open
(-4.37) (-2.22)
0.001 0.002
fin
-0.76 -1.21
0.019* 0.024**
urban
-1.71 -2.59
0.002 -0.002*
unemploy
-1.65 (-1.80)
-0.068*** -0.002
gov
(-3.3D) (-0.13)
0.281*** 0.053
Constant
-3.35 -0.61
Observations 2860 983
R-squared 0.94 0.966
City FE YES YES
Year FE YES YES

This table is consistent with the footnote below Table 3

Moreover, we further examine how the accessibility of HSR impacts the volume of
passenger and freight traffic. We use annual city-level passenger volume (labeled as
Passenger) and freight volume (labeled as Freight) as dependent variables, our HSR
accessibility indicator (labeled as Accessibility) as an independent variable, and a set of
city controls; we then re-estimate the regression. Results are reported in Table 10. Column
(1) shows that HSR accessibility has a positive effect on passenger volume
(coefficient = 0.355, p < 0.01). Column (2) yields an interesting find: although the effect
on total freight volume is statistically significant, its economic magnitude is negligible
(the coefficient is near zero). This divergence indicates a pronounced passenger bias in
HSR’s effect on narrowing the URIG. In other words, the gap likely narrows not by
lowering logistics costs or directly boosting goods flows, but through the passengers,
facilitating cross-urban-rural labor movements and the spread of consumption or
entrepreneurial opportunities. Hence, we suggest that HSR accessibility primarily

operates through its impact on passenger volume, thereby driving the evolution of the
URIG.
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Table 10. The impact of HSR accessibility on the volume of passenger and freight traffic

. -1 )
Variables Passenger Freight
sfesksk
Accessibility 0%5572** 0(_)202 6*
. 20.036%*** 0
sl -3.14 -0.69
Inpadp 2.197 -0.001***
112 (-5.29)
struct -1.743* 0
(-1.77) 0.5
open -465.880%** -0.019%*
(-2.98) (-2.10)
fin -0.782%* 0
(-1.69) (-0.29)
urban 8.505 0.0071***
-1.47 -2.76
-0.197 0
unemploy (-0.78) -0.44
-2.333 -0.001
gov (-0.65) (-0.95)
C -133.546%** 0.008***
onstant (-2.84) 2.76
Observations 3682 3683
R-squared 0.852 0.956
City FE YES YES
Year FE YES YES

This table is consistent with the footnote below Table 3

Conclusions and policy recommendations
Conclusions

Reducing the URIG is a key pathway to Sustainable Development Goals 10
(Reduced Inequalities) and a foundation for a fairer, more inclusive society. We exploit
the rollout of China’s HSR as a quasi-natural experiment and use panel data for 283
cities from 2008 to 2023 with a staggered DID method to assess whether—and through
which channels—HSR development alleviates the URIG. The main findings are as
follows:

(1) URIG benefits greatly from HSR development. More specifically, a 1% increase
in HSR development leads to a reduction in URIG by 0.4%. This finding remains
very robust to a variety of tests, such as tests for alternative dependent variables,
placebo tests, handling of staggered DID heterogeneity effects, and exclusion of
special samples from municipalities.

(i1) HSR development narrows the URIG by improving land green use
efficiency and raising land value.

(i11) The effect of HSR development on the URIG is context-dependent. The
attenuation is stronger in cities with non-central and high HSR service
accessibility. Also, HSR accessibility primarily operates through its impact on
passenger volume.
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Policy recommendations

Our results have substantial consequences for those who make policy decisions,
including governments and urban planners.

(1) Policy recommendations at the government level: First, governments should
continue to increase investment in HSR infrastructure, particularly in regions
that are not central. This includes developing new lines and improving existing
ones. For instance, governments should prioritize connecting economically
weaker rural areas with major cities through HSR. Second, while expanding
HSR infrastructure, governments should design and implement more effective
land-use policies to enhance land green use efficiency and value, especially
around HSR stations. For example, revising land transfer policies to ensure fair
distribution of land transfer revenues is essential. We should pay special
attention to ensuring that the growth in land value benefits rural areas, thereby
narrowing the URIG.

(i1) Policy recommendations for urban planners: First, urban planners should
develop integrated urban development and transportation plans centered around
HSR stations. For instance, implementing smart transportation systems can
enhance the efficiency of high-speed transport networks, effectively improving
connectivity between cities and the surrounding rural areas. This improved
connectivity not only increases mobility but also facilitates the rapid flow of
goods, services, and information. As a result, it drives economic development
and creates employment opportunities in rural regions, thereby narrowing the
URIG. Second, urban planners should tighten green land-use planning and
oversight and promote mixed-use development—such as parks, green corridors,
housing, commerce, and recreational amenities—especially along HSR
corridors. Such mixes will increase spatial proximity of economic activities and
foster joint agglomeration of the economy and ecological environment, helping
narrow the URIG while preserving ecological quality.

Limitations and future research

Some limitations endure and should be tackled in future research. First, our analysis is
anchored in China’s context and tests whether—and how—HSR development influences
the URIG. Given cross-country institutional differences, future studies should benchmark
these results against evidence from advanced economies and other emerging markets to
strengthen external validity. Second, while we use panel data to estimate HSR’s impact
on URIG, we do not fully assess spatial spillovers or threshold effects. Future research
should employ finer spatial designs (e.g., a spatial Durbin model) to examine these
dynamics and trace how HSR’s effects on the URIG vary across space and under
changing policy and technological conditions.
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APPENDIX

Specific input—output indicators of land green use efficiency

.P rl'm ary S.ecqndary Indicator description Unit Data source
indicator indicator
. , N Urban and Rural Construction
Land input Ln(Urban construction area) km Statistical Yearbook (2009-2024)
Input Capital input |Ln(Fixed capital stock of the municipal| 10,000 RMB
. Ln(Number of employees in secondary| China Statistical Yearbook (2009-
Labor input - —— 10,000 people
Ln (Number of employees in tertiary in| 2024)
Desired output Ln (Gross domestic product) Billion RMB
o Emissions Database for Global
. Ln(Carbon emissions) .
Output Non-desired Atmospheric Research
10,000 tons

output

Ln(Enegy consumptions)

China Energy Statistical Yearbook
(2009-2024)
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