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Abstract

As a mechanism for ensuring the normal and safe operation of the transportation system,
transportation infrastructure plays an important role in improving residents’ consumption
environment. This study is grounded in the panel data of 288 prefecture-level cities in
China spanning the period from 2015 to 2023. Leveraging Stata 18.0 software, ordinary
least squares (OLS) regression is employed to perform baseline estimations. Subsequently,
a mediation effect model is utilized to empirically test the transmission mechanism under-
lying the efficiency of commercial and trade circulation. To probe into the characteristics of
spatial spillover, the Spatial Durbin Model (SDM) is applied for further analysis. Finally,
subgroup regression analysis is conducted to examine the heterogeneous effects across dif-
ferent groups. Through this systematic analytical framework, this study aims to explore the
intricate relationships between transportation infrastructure, the efficiency of commercial
and trade circulation, and the upgrading of residents’ consumption structure. The results
show the following: (1) There is a significant positive correlation between transportation
infrastructure improvement and the upgrading of residents’ consumption structure. This
positive association remains robust after a series of robustness checks, and spatial effect
tests further reveal a positive spatial spillover effect between the two. (2) The results of the
mechanism test show that the efficiency of commercial and trade circulation plays a mediat-
ing role between transportation infrastructure and the upgrading of residents’ consumption
structure. (3) The correlation between transportation infrastructure and the upgrading
of residents’ consumption structure varies significantly depending on the development
level of the city where the residents live, the degree of spatial connection, the presence of
national logistics hubs, and whether it is currently located along a strategic transportation
route. This study provides a new perspective for the relevant field: the positive correlation
between transportation infrastructure and the upgrading of residents’ consumption struc-
ture should not merely be regarded as a tool for stimulating domestic demand, but rather
should be seen as an important institutional environment and governance arrangement that
promotes the transformation of residents’ consumption patterns towards higher quality
and lower carbon emissions, and thereby supports regional sustainable development.
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1. Introduction and Literature Review
With China’s economy entering the stage of high-quality development, consumption,

as the key fulcrum of smooth domestic economic circulation, is replacing the domestic
investment and foreign trade sectors and becoming the core driving force for promoting
China’s economic growth. The 15th Five-Year Plan for National Economic and Social
Development of the People’s Republic of China, which was approved by the National Two
Sessions in 2026, has placed the vigorous promotion of consumption at the core position
of expanding domestic demand, stabilizing growth and benefiting people’s livelihood [1].
However, it should be noted that when the economic operation faces external shocks or
insufficient internal kinetic energy, although incremental measures to promote consumption
will help to quickly restore market confidence and smooth production and circulation, the
pull of incremental consumption policy on demand is often limited to the window period
of policy implementation, so it is difficult to form lasting endogenous consumption kinetic
energy. Frequent incremental consumption stimulus policies may also have a significant
crowding-out effect [2]. Therefore, the current consumption promotion policy in China
tends to optimize the consumption structure. From the perspective of residents, under the
guidance of national policies and guidelines, they strive to upgrade their consumption
structure and aspire for a better life, which is their inherent pursuit. Moreover, from a
long-term perspective, the upgrading of residents’ consumption structure can also drive
the transformation and upgrading of the supply side, promoting the industrial structure
to move towards higher-end, intelligent and green directions. However, the expansion of
residents’ consumption expenditure and the alteration of their consumption structure are
influenced by numerous factors. How to promote the upgrading of residents’ consumption
structure has become a practical issue that cannot be ignored in the current battle to
boost consumption.

Transportation infrastructure is built to ensure the normal and safe operation of the
transportation system. In order to build a more perfect transportation network and sup-
port the development of various fields of the country, China has continuously increased
investment and construction in the field of transportation infrastructure, and remarkable
results have been achieved in recent years. By 2024, the total mileage of the national
comprehensive three-dimensional transportation network will exceed 6 million kilometers,
and the main skeleton of the national comprehensive three-dimensional transportation
network “6 axes, 7 corridors and 8 channels” has been completed with a mileage of more
than 260,000 km, with a completion rate of about 90%. With the continuous improvement
of transportation infrastructure, China’s overall commercial circulation system has been
further enhanced. Therefore, in the process of accelerating the construction of a unified
national market, the efficiency of trade circulation in various regions has been improved
to varying degrees, and lower-cost and higher-efficiency services have been provided for
the connection between regional production and consumption. In other words, assuming
other conditions remain unchanged, whether residents in a region are willing to increase
the proportion of leisure consumption and development consumption in their own con-
sumption expenditure still needs to be answered clearly from the theoretical and empirical
perspectives: can the improvement of transportation infrastructure in a region enhance
the efficiency of regional trade circulation and further promote the upgrading of regional
residents’ consumption structure?

There are two main bodies of literature related to this study: one is the study of the
economic effects of transportation infrastructure. Overall, scholars generally agree that
the construction of transportation infrastructure can bring positive impetus to regional
economic development. On the one hand, the improvement of the transportation network
can not only improve the local welfare level [3,4], but can also promote local and neigh-
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boring residents’ consumption expenditure through spatial spillover effects [5], promoting
factor flow to enhance the economic resilience of adjacent areas [6], and this spillover
effect presents inverted-U-shaped attenuation characteristics with distance [7]. On the
other hand, as the hardware foundation of the circulation system, the improvement of
transportation infrastructure can improve the efficiency of commercial circulation [8] and
promote high-quality economic development [9]. In addition, transportation infrastructure
can also form a synergistic effect with the digital economy, boosting the construction of
a unified national market [10] and urban–rural integration [11]. However, scholars have
found that the economic impact of transportation infrastructure is not one-way but exhibits
nonlinear characteristics and complex heterogeneity. Jia et al. [12] discovered a significant
inverted-U-shaped relationship between transportation infrastructure construction and
regional economic disparities. Ren et al. [13] found that the agglomeration effect caused by
the opening of high-speed rail in core cities may temporarily widen regional disparities.
Wu et al. [14] found that the impact of transportation infrastructure construction on regional
income growth and convergence varies significantly among regions with different eco-
nomic structures. Gutman and Marashenko [15] conducted a study based on data from the
Russian region and also found that there are significant variations in the economic effects
of transportation infrastructure and regional differences. It is true that income is a key
variable of residents’ consumption expenditure; perhaps transportation infrastructure will
also have a certain impact on the upgrading of residents’ consumption structure. According
to the consumption function theory, income is the most crucial variable determining the
consumption structure and level of residents [16,17]. Moreover, the existing literature has
confirmed that transportation infrastructure has a significant positive impact on residents’
income, and it should also have an important influence on the consumption structure of
residents. Regrettably, although the economic effects of transportation infrastructure have
received considerable attention, few studies have integrated it into a unified framework
with the resident consumption structure for examination. Moreover, no response has been
provided from the perspective of regional sustainable development regarding whether the
aforementioned transmission path exists and how it functions.

The second is the study of the influencing factors of upgrading residents’ consumption
structure. At the microlevel, scholars have discussed the factors affecting the upgrading
of the consumption structure of rural residents, urban households, and urban and rural
households, which involve residents’ income [17,18], social protection [19], habit forma-
tion or consumption preference [20,21], financial knowledge [22], Internet finance [23,24],
urban–rural digital divide [25], credit acquisition [26], payment technology [27], etc. At
the macrolevel, scholars are concerned about the factors affecting the upgrading of res-
idents’ consumption structure in a region. From the dimension of sample selection, the
existing literature can be divided into two categories: one is to explore housing prices
with province-level data as samples [28,29]; regional circulation efficiency [30], Internet
popularization [31], digital consumption environment [32,33], market accessibility [34],
environmental regulation [35], starter economy [36], and other macro variables have an
impact on the upgrading of residents’ consumption structure. The second is to study
the impact of urbanization and population density [37], digital consumption [38], digital
economy [39] and industrial wage changes [40] on the upgrading of residents’ consumption
structure by taking prefecture-level data as samples.

Generally speaking, previous studies have revealed that the upgrading of residents’
consumption structure is affected by many factors, but they pay less attention to how trans-
portation infrastructure promotes the upgrading of residents’ consumption structure, and
there is little empirical analysis on the relationship between transportation infrastructure,
commercial circulation efficiency and the upgrading of residents’ consumption structure.
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Based on the city-level panel data, this study will construct an econometric regression
model to empirically analyze the impact of transportation infrastructure on the upgrading
of residents’ consumption structure and its mechanism.

The possible marginal contributions lie in: firstly, theoretically explaining the inherent
logic of improving transportation infrastructure, which can help improve the efficiency
of commercial circulation, and then promote the upgrading of residents’ consumption
structure in the dimensions of time and space; secondly, the empirical results based on
city-level data provide new strong support for the decision-making of relevant depart-
ments. Considering that China’s economy has entered a new stage and avoiding different
statistical standards of data, the panel data of 288 prefecture-level cities in China from
2015 to 2023 since China’s economic growth entered the new normal state are used to
empirically test the above mechanism, and a three-dimensional econometric model is
constructed to verify the spatial spillover effect of transportation infrastructure improve-
ment on the upgrading of residents’ consumption structure. Discussing the heterogeneity
of cities along different development levels, different economic locations, different hub
functions, and current strategic corridors can enrich and expand the study of the eco-
nomic effects of transportation infrastructure and provide a decision-making basis for
decision-making departments.

2. Theoretical Analysis
2.1. Direct Effect of Transportation Infrastructure on Residents’ Consumption Structure Upgrade

Transportation infrastructure is built to ensure the normal and safe operation of the
transportation system. In modern society, a complete system of facilities that can support
the safe and smooth operation of an integrated transportation network generally includes
highways, tracks, tunnels, waterways, airports, elevated roads, stations, port terminals,
ventilation booths, electromechanical equipment, power supply systems, communication
signals and road markings. In essence, the improvement of transportation infrastructure
has brought about a significant space–time compression effect, that is, shortening the psy-
chological and physical distance between residents and consumption destinations, and
expanding residents’ “activity radius” and “consumption choice set”. Modern consump-
tion theory holds that consumers, as rational decision-makers, will plan their consumption
decisions based on their lifetime expected income and the long-term costs of obtaining
goods and services [41,42]. According to this theory, when improvements in transportation
infrastructure reduce the time and monetary costs for residents to travel, it is equivalent to
permanently lowering the overall cost for residents to obtain goods and services from other
places, thereby releasing the actual purchasing power of households. This effect can have a
direct impact on the upgrading of residents’ consumption structure from the following two
aspects: First, the construction of transportation infrastructure is accelerating the formation
of a modern transportation network, which can reduce residents’ travel costs and enable
households to reallocate expenditures to development and enjoyment consumption on the
premise of maintaining basic living expenses unchanged, thus promoting the upgrading of
residents’ consumption structure [43]. Secondly, with the connectivity of transportation
infrastructure, residents have more frequent cross-regional exchanges, which gives resi-
dents the opportunity to access diversified and high-quality goods and services in different
regions, thus bringing about cross-regional blending of consumption culture, forming new
consumption concepts and lifestyles of residents, and accelerating the transformation of
local residents’ consumption patterns from traditional “frugal” consumption to “quality”
consumption. In China’s practice, the aforementioned impacts have indeed occurred. With
the rapid expansion of the high-speed rail network, the fastest travel time from Beijing
Chaoyang to Shenyang and then to Changbaishan has been shortened to 4 h and 33 min and
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1 h and 53 min, respectively. The journey of “traveling across thousands of miles” in one
day has become a reality. “Weekend trips” and “cross-provincial tours” have transformed
from being “luxurious” to becoming a common occurrence. The shift of residents’ travel
mode from private cars to high-speed rail is itself a low-carbon choice. Moreover, the
savings in travel costs that residents obtain can be used for tourism, training, cultural
experiences and other consumption, which also reflects the transformation from material
consumption to service consumption in terms of consumption content. This is in line with
the inherent consistency of the quality-oriented and low-carbon direction contained in the
upgrading of residents’ consumption structure.

Based on this, this study proposes the following hypothesis.

Hypothesis H1: Improvement of transportation infrastructure can promote upgrading of residents’
consumption structure.

2.2. The Effect of Transportation Infrastructure on Upgrading of Residents’ Consumption Structure
Through Commercial Circulation Efficiency

Generally speaking, the improvement of transportation infrastructure has a significant
correlation with the improvement of regional trade circulation efficiency. In existing
studies, Ding et al. [8] found that transportation infrastructure significantly promoted the
circulation efficiency of wholesale and retail industries, and Bu et al. [30] found that the
improvement of trade circulation efficiency could have an impact on the upgrading of
residents’ consumption structure. Such improvement of transportation infrastructure can
promote the upgrading of residents’ consumption structure by improving the efficiency of
regional trade circulation. The internal logic of this mechanism is as follows:

First of all, the construction and improvement of transportation infrastructure can im-
prove the efficiency of trade circulation in a region in the two dimensions of time and space.
From the perspective of the time dimension, the length of transportation logistics usually
varies greatly due to the smooth flow of traffic facilities. The continuous construction of
transportation infrastructure can provide better guarantee for the safety and smoothness
of the transportation system, thus bringing more convenience to the circulation of goods
related to consumer goods in the commerce industry, thus greatly shortening the transit
time of goods transportation, reducing the loss and storage cost on the way, improving
the transportation efficiency of logistics enterprises, and significantly reducing the logistic
cost per unit commodity [44]. In the spatial dimension, transportation infrastructure is the
physical guarantee of commercial circulation activities. On this basis, the comprehensive
three-dimensional transportation network can enable commercial circulation enterprises
to open up markets and strengthen industrial exchanges at a lower cost. For example,
the opening of high-speed railways in China can significantly improve the accessibility
and transportation convenience of cities, enable relevant circulation enterprises to quickly
transport commodities in cities along the route, make business exchanges among circulation
enterprises more convenient, and promote the perfection of urban wholesale and retail
systems [45]. In recent years, China’s modern comprehensive transportation infrastructure
network system has gradually taken shape, and the density of the road network has been
continuously increased, which has promoted the construction of a unified national large
market, expanded the scale of commercial circulation, and improved the efficiency of
regional commercial circulation [46]. On the whole, the improvement of transportation
infrastructure can reduce various costs of circulation links, such as transportation costs and
loading and unloading costs. At the same time, by optimizing circulation paths, improving
circulation speed, and reducing commodity loss, it further reduces the comprehensive cost
of commercial circulation, improving profitability and operation efficiency of commercial
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circulation enterprises, and promoting overall improvement of efficiency in the commercial
circulation industry.

Secondly, the improvement of trade circulation efficiency can effectively link produc-
tion and consumption, thus promoting the upgrading of residents’ consumption structure
from the supply side and the demand side, respectively. On the supply side, an efficient
trade circulation system can, in a timely manner, transmit the information of residents’
consumption demand to manufacturers and channel merchants, guide enterprises to adjust
product structure according to consumption demand, reduce ineffective supply, increase
effective supply, realize accurate matching between supply and consumption demand, and
further promote the upgrading of residents’ consumption structure [47]. On the demand
side, the improvement of trade circulation efficiency can reduce circulation links, reduce cir-
culation costs, and then reduce the price of terminal consumer goods, so that residents can
obtain high-quality consumer products at lower prices, especially for high-end consumer
goods and imported consumer goods. Efficient trade circulation can reduce intermedi-
ate links, reduce prices, improve residents’ consumption willingness and consumption
ability, and promote residents’ consumption structure to upgrade to being high-end [48].
In addition, areas with high efficiency of trade and circulation can expand the scope of
commodity trading, guide the upgrading of surrounding industries, promote an increase
in surrounding consumer demand, and drive the upgrading of the consumption structure
of surrounding residents [49].

Based on this, this study proposes the following hypotheses.

Hypothesis H2: Improvement of transportation infrastructure contributes to the improvement of
trade circulation efficiency.

Hypothesis H3: Improvement of transportation infrastructure can promote the upgrading of
residents’ consumption structure by improving trade circulation efficiency.

2.3. Spatial Spillover Effects of Transportation Infrastructure on Residents’ Consumption
Structure Upgrade

As a typical regional public product, transportation infrastructure not only affects
the local area, but also produces a spatial spillover effect on the upgrading of residents’
consumption structure in neighboring areas by promoting income promotion, consumption
demonstration and market integration of surrounding residents. First, as far as the spatial
spillover effect increasing residents’ income is concerned, existing studies show that the
improvement of transportation infrastructure in the region can not only attract industrial
agglomeration and promote regional economic development [7], but also drive employ-
ment and income increase in neighboring regions through backward and forward linkages
of industrial chains [50]. Since income is the key determinant of consumer spending [17],
according to Engel’s Law, income growth will further push residents in neighboring ar-
eas to spend more on developmental and enjoyment products. Second, in terms of the
consumption demonstration effect, the improvement of transportation infrastructure accel-
erates population flow and information dissemination, enabling consumption concepts,
consumption patterns and emerging formats in developed areas to spread to neighboring
areas more rapidly [51]. Residents in neighboring areas learn and imitate higher-level
consumption patterns through travel, social interaction or media contact, thus promoting
the transformation of consumption concepts and optimization of residents’ consumption
structure. Finally, regarding the market integration effect, a perfect transportation network
can break regional market segmentation, reduce cross-regional commodity circulation
costs, and make it easier for local commodities to enter neighboring markets [52]. This
market integration effect can not only expand the market scope of local enterprises, but
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also enrich the commodity choices of consumers in neighboring regions, thus promoting
the upgrading of the consumption structure of residents in neighboring regions.

Based on this, this study proposes the following hypothesis.

Hypothesis H4: The improvement of transportation infrastructure has a significant spatial spillover
effect on the upgrading of residents’ consumption structure.

The study framework diagram for this study is shown in Figure 1.

Figure 1. Research framework.

3. Data and Methodology
3.1. Definition of the Variables

The dependent variable in this study is the upgrading of residents’ consumption
structure(Upg). The National Bureau of Statistics divides residents’ consumption expendi-
ture into eight categories, mainly including food, tobacco and alcohol, clothing, housing,
daily necessities and services, transportation and communications, education, culture and
entertainment, medical care, and other goods and services, and divides them into subsis-
tence consumption, enjoyment consumption and development consumption. Among these
categories, subsistence consumption includes three types of expenditures—food, tobacco
and alcohol, and clothing and housing; development consumption includes four types of
expenditures—transportation and communication, education, culture and entertainment,
and medical care; and enjoyment consumption includes two types of expenditures—daily
necessities and services and other articles and services. This study measures the upgrading
of residents’ consumption structure by the ratio of enjoyment consumption and develop-
ment consumption to survival consumption. In addition, drawing from Yao et al. [39],
the Engel coefficient, that is, the proportion of food consumption expenditure to total
consumption expenditure, is used to represent the upgrading of household consumption
structure for the subsequent robustness test.

The core explanatory variable of this study is transportation infrastructure (LnTran),
which is measured by the logarithmic highway mileage value according to He et al. [7].

The intermediary variable of this study is the efficiency of trade circulation (Eff). At
present, the DEA method is mostly used to measure trade circulation efficiency in academic
circles. Referring to the research of Li et al. [53], wholesale and retail trade, accommodation
and catering trade, and transportation, warehousing and postal trade are divisions of the
trade circulation industry, and the trade circulation efficiency index is measured in terms
of input and output. The index system is shown in Table 1. Specifically, this paper selects
the total investment in fixed assets of the commercial and trade industry and the number
of employees in the commercial and trade industry as input indicators, and selects the
total retail sales of consumer goods and the added value of the commercial and trade
industry as output indicators. The total investment in fixed assets reflects the scale of
capital investment, the number of employees reflects the scale of labor input, the total retail
sales of consumer goods reflects the market output efficiency of the commercial and trade
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sector, and the added value of the commercial and trade industry reflects the final results
created by the industry. These indicators can comprehensively depict the input–output
conversion efficiency of the commercial and trade sector in each city.

Table 1. Input–output index system of commercial circulation industry.

Target Layer Primary Indicators Secondary Indicators

Efficiency of
commercial
circulation

Input indicators
Total investment in fixed assets of
commercial circulation industry
Number of persons engaged in

commercial circulation

Output indicators Total retail sales of consumer goods
Value added of commercial circulation

In terms of the calculation method, this paper uses the output-oriented BCC-DEA model
to calculate the commercial circulation efficiency of the commercial circulation industry in each
city from 2015 to 2023. Considering the significant differences in the scale of the circulation
industry between different cities, the traditional CCR model, which is based on the assumption
of constant returns to scale, is unable to accurately depict the actual characteristics of the
industry. The BCC model relaxes the assumption of constant returns to scale by introducing
weights and imposing a constraint of 1, and is able to decompose the comprehensive technical
efficiency into pure technical efficiency and scale efficiency. This helps to identify the specific
sources of efficiency losses. Due to the strong rigidity of labor and capital input in the short
term, the adjustment space is limited. Therefore, this paper sets the model as output-oriented,
that is, maximizing output under the given input level, to reflect the ability of each city to
increase circulation output under the existing factor conditions. The pure technical efficiency
values obtained through model calculation range from 0 to 1. The closer the value is to 1, the
higher the commercial circulation efficiency of the city.

Referring to the existing literature, the following factors that may affect the upgrading
of residents’ consumption structure are selected as control variables: economic development
level (Pgdp), government intervention economic activity level (Gov), human capital level
(Hum) and opening level (Open). The level of human capital is measured by the ratio of the
number of students in colleges and universities to the population of the region; the level
of opening to the outside world is measured by the ratio of the total import and export
volume of the bearing area to GDP; and the level of financial development is measured by
the ratio of the balance of deposits and loans of financial institutions in each region to GDP.

Variable definitions and calculation methods are shown in Table 2.

Table 2. Main variable summary.

Variables Symbol Definition & Description

Dependent variable

Upgrading of residents’
consumption structure Upg

Upg = (Leisure consumption +
Development consumption)/
Survival consumption

Independent variable

Transportation infrastructure Tran Tran = Ln (road mileage)

Mediating Variable

Efficiency of
commercial circulation Eff

Eff = Using the DEA method to measure
the efficiency index of trade circulation
from the perspective of input and output
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Table 2. Cont.

Variables Symbol Definition & Description

Control variables

Economic development level Pgdp Pgdp = GDP per capita
Level of government
intervention in
economic activity

Gov Gov = Local fiscal expenditure/GDP

Human capital level Hum Hum = Number of students enrolled in
higher education/population of region

Level of opening to the
outside world Open Open = Total imports and exports/GDP

Financial development level Fd Fd = Balance of deposits and loans of
financial institutions/GDP

3.2. Model Specification
3.2.1. Benchmark Model Construction

In order to test the direct impact of transportation infrastructure on the upgrading
of residents’ consumption structure, the following benchmark model is constructed with
reference to Jiao et al. [54].

Upgit = α0 + α1LnTranit + ∑ αnXit + ηi + λt + εit (1)

where i represents city, and t represents year. Upg represents upgrading of household
consumption structure. LnTran represents transportation infrastructure. X represents
relevant control variable set. ηi represents individual fixed effect that controls household
consumption structure but does not change with time. λt represents time fixed effect.
εit represents random error value.

3.2.2. Mediation Effect Model

As mentioned above, the improvement of transportation infrastructure can indirectly
affect the upgrading of residents’ consumption structure by improving the efficiency of
commercial circulation. In order to further explore the indirect transmission mechanism
of transportation infrastructure to the upgrading of residents’ consumption structure, this
study constructs the following mechanism effect model.

E f fit = β0 + β1LnTranit + ∑ βnXit + ηi + εit (2)

Upgit = γ0 + γ1LnTranit + γ2E f fit + ∑ γnXit + ηi + εit (3)

where E f f represents the intermediary variable trade flow efficiency, and the other variables
are consistent with the baseline model.

3.2.3. Spatial Econometric Model

This study adopts the Spatial Dubin Model (SDM) to examine the spatial spillover
effect of transportation infrastructure on the upgrading of residents’ consumption structure.
The specific models are as follows.

Upgit = ρ0
N
∑

j=1
WijUpgjt + µ0LnTranit + ρ1

N
∑

j=1
WijLnTranjt

+µ1Xit + ρ2
N
∑

j=1
WijXjt + ηi + λt + εit

(4)
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where Upgit represents the spatially lagged explained variable; LnTranjt represents the
spatially lagged explanatory variable; Xjt represents the spatially lagged control variable;
ηi represents the individual fixed effect; λt represents the temporal fixed effect; Wij represents
the geographic distance matrix; and dij represents the distance between cities i and j.

Wij =

{
1

dij
, i ̸= j

0, i = j

}
(5)

3.3. Sample and Data Source

To deeply explore the potential impact of transportation infrastructure on the upgrad-
ing of residents’ consumption structure, this study selected 288 prefecture-level-and-above
cities in China from 2015 to 2023 as the research sample and constructed a panel data model.
This selection not only reflects the heterogeneity of prefecture-level cities in terms of the
upgrading of residents’ consumption structure, but also enables the observation of changes
in the same prefecture-level city over time. During the data processing stage, to ensure the
accuracy and robustness of the research results, we excluded cities with severe missing data,
including Sansha City, Qamdo City, Guigang City, Danzhou City, Nyingchi City, Shannan
City, Nagqu City, Turpan City, and Xigaze City. All continuous variables were winsorized
at 1% and 99% to effectively minimize potential biases arising from extreme outliers. This
procedure alleviates confounding effects from other determinants of consumption structure
upgrading, thereby enhancing the stability of the model predictions. The initial sample
data were manually compiled from provincial statistical yearbooks, prefecture-level city
statistical yearbooks, prefecture-level city statistical bulletins, the CSMAR database, the EPS
database, and the China Economy Information Network (CEINET) database. For the small
number of missing values in some variables of individual years and individual cities, the
linear interpolation method was used for filling. For cases where the linear interpolation
is not applicable, the average value of adjacent years was used for filling. The missing
proportion is 5%, and the missing scale is small, which does not have a substantive impact
on the robustness of the regression results.

4. Empirical Analysis
4.1. Descriptive Analysis

Before empirical regression, descriptive statistical analysis of variables was performed
in this study.

Figure 2 shows the time-series change trend of transportation infrastructure, trade
circulation efficiency, and the upgrading of residents’ consumption structure from 2015
to 2023. From this, we can observe the following: (1) The upgrading index of resident
consumption structure fluctuates and rises as a whole, indicating that China’s resident
consumption is gradually changing from the survival type to the development–enjoyment
type. This trend is in line with the theoretical expectations of this article, which is that
the improvement of transportation infrastructure creates conditions for the upgrading of
residents’ consumption structure by reducing transaction costs and expanding market
accessibility. (2) The transportation infrastructure has been steadily improved during
the study period, and the average annual growth rate has remained stable, reflecting the
continuous promotion of China’s transportation network construction. The upward trend
of transportation infrastructure slightly precedes the rising inflection point of commer-
cial circulation efficiency and the upgrading of residents’ consumption structure. This
temporal sequence relationship initially suggests that the improvement of transportation
infrastructure may, through enhancing commercial circulation efficiency, promote the up-
grading of consumption structure, which is consistent with the theoretical expectation of
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the subsequent mediation effect analysis. (3) The efficiency of commercial circulation also
shows the characteristics of increasing year by year, and the fluctuation trend of upgrading
consumption structure keeps the same direction in most years, which shows that there is a
close internal relationship between the three.

Figure 2. Temporal trend of upgrading of transportation infrastructure, commercial circulation
efficiency and household consumption structure.

It is worth noting that in 2020, the upgrading of residents’ consumption structure
and the efficiency of trade circulation both experienced phased corrections, while the
transportation infrastructure continued to rise during the same period. This abnormal
fluctuation may be attributable to the physical isolation, logistics disruptions, and restricted-
consumption scenarios caused by the COVID-19 pandemic, which, on the one hand, directly
suppressed the operational efficiency of commercial circulation, and on the other hand,
imposed an exogenous shock to residents’ service consumption. This is also the reason for
the necessity of excluding the 2020 sample in the subsequent robustness test of this study
to eliminate the potential interference of external shocks on the estimation results.

Furthermore, to visually reveal the spatial distribution characteristics and evolutionary
dynamics of commercial circulation efficiency, this study plots the spatial distribution maps
of commercial circulation efficiency for Chinese prefecture-level cities in 2015 and 2023
(Figure 3). By comparing the distribution patterns of the two periods, the following can
be observed: (1) From the perspective of regional differences, in 2015, the high-efficiency
regions were mainly concentrated in the economically developed areas along the eastern
coast, while the western regions generally remained at a lower level, presenting a gradient
distribution pattern of “high in the east and low in the west”. (2) From the perspective of
temporal evolution, by 2023, the efficiency of some core cities in the central and western
regions (such as Chengdu, Wuhan, Xi’an, etc.) had significantly improved, and the spatial
distribution had shown a “diffusion” trend from the eastern coastal areas to the inland
regions, indicating that the regional gap in commercial circulation efficiency had narrowed.
(3) From an overall perspective, the dark areas in 2023 had significantly expanded compared
to 2015, indicating that the overall efficiency of commercial circulation improved during
the study period. The evolution of this spatial pattern reflects that the improvement in
commercial circulation efficiency gradually spread spatially, providing useful reference
experiences for promoting regional coordinated development and sustainable economic
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growth. At the same time, the spatial distribution characteristics further validate the
significant regional heterogeneity of commercial circulation efficiency and its dynamic
evolution characteristics, which provide an intuitive basis for subsequent adoption of
spatial econometric models or empirical strategies considering regional differences.

Figure 3. Spatial distribution of commercial circulation efficiency in 2015 and 2023. (Note: This map
was produced based on the standard map (Map Review No.: GS (2024) 0650) downloaded from the
Standard Map Service website of the Ministry of Natural Resources of the People’s Republic of China.
The base map has not been modified. The non-study areas include Hong Kong, Macao, and Taiwan,
which are inalienable parts of China).

Table 3 shows the descriptive statistical results of 2592 observed values. By observing
the mean, standard deviation, and minimum and maximum values of each variable, it can
be found that the variation degree of the three core variables of transportation infrastructure,
consumption structure upgrading and trade circulation efficiency is moderate, and the data
distribution is reasonable, which conforms to the typical characteristics of macro panel
data. Meanwhile, the wide range of variation in the control variables reflects the significant
differences among various cities in China in terms of their degree of openness to the outside
world, etc. This provides abundant sample information for the empirical analysis and
also highlights the necessity of controlling these factors in the regression. The statistical
characteristics of the control variables are also within reasonable intervals, indicating that
the variable system selected in this study has a good data base and is suitable for further
empirical testing.

Table 3. Descriptive statistics of variables.

Variables Obs. Mean Std. Dev Min Max

Upg 2592 68.474 9.55 44.119 93.816
LnTran 2592 9.377 0.662 7.106 10.575
Eff 2592 0.372 0.184 0.091 0.993
Pgdp 2592 6.424 3.558 1.784 18.602
Gov 2592 21.276 10.161 8.21 59.434
Hum 2592 2.06 2.1 0.137 10.299
Open 2592 16.312 23.185 0.192 126.176
Fd 2592 2.878 1.221 1.179 7.174
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4.2. Baseline Regression Results

The baseline regression results are shown in Table 4. Column (1) has a regression
coefficient of 3.864 for transportation infrastructure without control variables and is
significant at the 1% level. Column (2) has a regression coefficient of 3.370 for trans-
portation infrastructure with control variables and is significant at the 1% level. Column
(3) is the estimation result of controlling for individual fixed effects. The regression
coefficient of transportation infrastructure is 5.675 and significant at the 1% statistical
level. Column (4) is the regression result of controlling for the fixed effect of time,
and the regression coefficient of transportation infrastructure is 2.165 and significant
at the 5% statistical level. Column (5) is the regression result of the time individual
double fixed effect, and the regression coefficient of transportation infrastructure is
4.218 and significant at the 5% statistical level. Overall, in the regression results of all
models, the coefficient of transportation infrastructure was significantly positive. This
indicates a significant positive correlation between the improvement of transportation
infrastructure and the upgrading of residents’ consumption structure, thereby verifying
Hypothesis H1. Taking example (3) as an illustration, for every unit increase in the level
of transportation infrastructure, the index of the upgrading of residents’ consumption
structure increases by approximately 5.675 percentage points. This indicates that the
positive correlation effect between the improvement of transportation infrastructure and
the upgrading of residents’ consumption structure is not only statistically significant but
also has relatively prominent economic significance.

According to the regression results above, this study chooses individual fixed effects
as the baseline interpretation model, mainly based on the following considerations:

First, by comparing column (2) with column (3), after adding individual fixed effects,
the coefficient of transportation infrastructure increased from 3.370 to 5.675. This indicates
that if the inherent characteristics of each province that do not change over time are
not controlled, the marginal effect of transportation infrastructure will be systematically
underestimated. The introduction of individual fixed effects effectively mitigates the
omitted variable bias.

Secondly, when only controlling for the fixed effect of time, the coefficient in column
(4) is only 2.165, which is much lower than that in column (3). This indicates that the pro-
moting effect of transportation infrastructure on the upgrading of residents’ consumption
structure is mainly identified through the cross-sectional differences among provinces,
rather than relying solely on the macro time trend at the national level.

Thirdly, the estimation results of the two-way fixed effects in column (5) are highly
consistent with those in column (3) in terms of direction and significance, confirming the
robustness of the conclusion. However, considering that the inclusion of year dummy
variables would lead to sample loss and might absorb some common fluctuations unrelated
to transportation infrastructure, this should be taken into account.

Fourth, the impact of improvements in transportation infrastructure on the up-
grading of consumption structure is long-term and gradual. The individual fixed-
effects model can better capture this long-term effect that gradually emerges over
time, thereby providing a more reliable basis for evaluating the sustained impact of
transportation investment.

Furthermore, the Hausman test result (p = 0.000) also strongly rejected the random
effects model and supported the applicability of the fixed-effects model. Therefore, the
individual fixed-effects model is the optimal setting for this study.
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Table 4. Baseline regression results.

Variables
Upg Upg Upg Upg Upg
(1) (2) (3) (4) (5)

LnTran
3.864 *** 3.370 *** 5.675 *** 2.165 ** 4.218 **
(6.399) (5.579) (3.408) (2.412) (2.394)

Pgdp 0.675 *** 0.609 *** 0.009 −0.004
(8.099) (4.095) (0.052) (−0.021)

Gov
0.056 * 0.051 0.003 −0.010
(1.733) (1.002) (0.062) (−0.184)

Hum
0.083 0.161 0.290 0.397

(0.426) (0.426) (1.104) (1.056)

Open 0.030 * 0.102 *** 0.059 *** 0.115 ***
(1.841) (2.955) (2.659) (3.568)

Fd
0.907 *** 1.064 *** 0.177 0.470
(3.907) (2.984) (0.497) (0.965)

Individual Fixed Effect NO NO YES NO YES

Time Fixed Effect NO NO NO YES YES

N 2592 2592 2592 2592 2592

R-squared 0.042 0.097 0.103 0.244 0.249
Note: *, ** and *** denote significance at the 10%, 5% and 1% levels, respectively. The statistics in parentheses
report the t-values corresponding to the clustered robust standard errors.

4.3. Robustness Test

Robustness testing was conducted in this study by six methods: lag stage of explana-
tory variable, replacement of explanatory variable, replacement of explained variable,
elimination of municipality, elimination of specific year and Bootstrap test.

4.3.1. One-Period Lagged Explanatory Variable

The baseline regression may face endogenous bias caused by reverse causality. This
study uses the transportation infrastructure of the lag period as the explanatory variable to
test the estimation bias caused by endogenesis [55]. The results of the endogenous test are
shown in column (1) of Table 5. The estimation coefficient of transportation infrastructure
of the lag period is positive and significant at the 1% statistical level, which is consistent
with the results of the previous baseline regression.

Table 5. Robustness test results (One-period lagged explanatory variable).

Variables Upg

L.LnTran
5.012 ***
(4.372)

Control Variables YES

Individual Fixed Effect YES

N 2304

R-squared 0.060
Note: *** denotes significance at the 1% level. The statistics in parentheses report the t-values corresponding to
the clustered robust standard errors.

4.3.2. Replace Explanatory Variables

Considering that the selection of core explanatory variables may be unreasonable, in
order to avoid the influence of chance of traffic infrastructure measurement mode affecting
the conclusion—refer to the research of Zhao et al. [56] and Chen et al. [6]—we calculated
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the traffic density by comparing the sum of highway and railway mileage of each prefecture-
level city with the area of each prefecture-level city. The greater the density, the higher
the traffic infrastructure level in this area. Tran1 is used to represent the traffic density for
the robustness tests below. As shown in Table 6, the regression coefficient was 4.426 and
significant at the 1% statistical level, consistent with the regression results described above.
This indicates that the results are not dependent on the specific measurement method of
the core explanatory variable.

Table 6. Robustness test results (Replace explanatory variables).

Variables Upg

Tran1
4.426 ***
(4.739)

Control Variables YES

Individual Fixed Effect YES

N 2592

R-squared 0.100
Note: *** denotes significance at the 1% level. The statistics in parentheses report the t-values corresponding to
the clustered robust standard errors.

4.3.3. Replace the Explained Variable

The Engel coefficient is an important index for measuring the consumption structure
of residents. A decrease in the Engel coefficient means the upgrading of residents’ consump-
tion level. In this study, the Engel coefficient is used to measure the upgrading of residents’
consumption structure. The results are shown in Table 7. The regression coefficient is
−2.115 and is statistically significant at the 1% level. This indicates that improvement in
transportation infrastructure can reduce the Engel coefficient. That is to say, there is still
a positive correlation between the improvement of transportation infrastructure and the
upgrading of residents’ consumption structure. This further supports the conclusion of the
baseline regression.

Table 7. Robustness test results (Replace the explained variable).

Variables Engel

LnTran
−2.115 ***
(−6.562)

Control Variables YES

Individual Fixed Effect YES

N 2592

R-squared 0.090
Note: *** denotes significance at the 1% level. The statistics in parentheses report the t-values corresponding to
the clustered robust standard errors.

4.3.4. Excluding Municipalities

Because Beijing, Shanghai, Tianjin and Chongqing are special in terms of administra-
tive level, policy resource allocation and economic development level, they may have an
extreme influence on the regression results. Therefore, this study excludes municipalities
directly under the central government and re-estimates them. The results are shown in
Table 8. The regression coefficient is 5.632 and significant at the statistical level of 1%,
indicating that for other cities, there is still a positive correlation between the improvement
of transportation infrastructure and the upgrading of residents’ consumption structure.
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Table 8. Robustness test results (Excluding municipalities).

Variables Upg

LnTran
5.632 ***
(5.471)

Control Variables YES

Individual Fixed Effect YES

N 2556

R-squared 0.110
Note: *** denotes significance at the 1% level. The statistics in parentheses report the t-values corresponding to
the clustered robust standard errors.

4.3.5. Excluding Specific Years

Since the outbreak of COVID-19 in 2020 had an impact on residents’ consumption
behavior, which may interfere with the estimation results, this study re-estimates after ex-
cluding the samples from 2020. The results are shown in Table 9. The regression coefficient
is 7.298 and significant at the statistical level of 1%. This indicates that after excluding the
impact of the epidemic, there is still a positive correlation between the improvement of
transportation infrastructure and the upgrading of residents’ consumption structure.

Table 9. Robustness test results (Excluding specific years).

Variables Upg

LnTran
7.298 ***
(6.716)

Control Variables YES

Individual Fixed Effect YES

N 2304

R-squared 0.127
Note: *** denotes significance at the 1% level. The statistics in parentheses report the t-values corresponding to
the clustered robust standard errors.

4.3.6. Bootstrap Test

The benchmark regression employs heteroscedastic robust standard errors for sta-
tistical inference. This method relies on the assumption of a large-sample asymptotic
distribution. To test whether the core conclusion is restricted by this assumption, this paper
further conducts a robustness test using the Bootstrap method [57]. Taking into account
the intra-group correlation structure of the panel data, this paper chose to conduct cluster
repeated sampling at the city level, that is, to conduct sampling with replacement using
cities as the sampling units, and retain all the annual observations of the sampled cities. The
number of repeated samples was set at 1000. After each resampling, the main regression
model was re-estimated and the coefficient estimates of the core explanatory variables were
recorded. The regression results are shown in Table 10. The regression coefficient is 5.675
and is statistically significant at the 1% level, and the results remain robust.

Table 10. Robustness test results (Bootstrap test).

Variables Upg

LnTran
5.675 ***
(4.478)

Control Variables YES
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Table 10. Cont.

Variables Upg

Individual Fixed Effect YES

N 2592

R-squared 0.103
Note: *** denotes significance at the 1% level. The statistics in parentheses report the t-values corresponding to
the clustered robust standard errors.

4.4. Analysis of Mechanism of Action

This study has found that the improvement of transportation infrastructure can signif-
icantly promote the upgrading of residents’ consumption structure through benchmark
regression analysis. Based on the mediation effect model mentioned above, this study
has empirically analyzed the mechanism of transportation infrastructure improvement on
the upgrading of residents’ consumption structure through trade circulation efficiency. It
should be pointed out that this study focuses on the core transmission path of trade circula-
tion efficiency, and does not deny the existence of other mechanisms. The test results are
shown in Table 11. The estimation coefficient of transportation infrastructure on trade flow
efficiency is 0.083 and significant at the 1% statistical level, indicating that transportation
infrastructure improvement can significantly improve trade flow efficiency, thus verifying
the hypothesis H2 mentioned above. After adding trade circulation efficiency into the
benchmark regression, the estimated coefficient of transportation infrastructure is 5.547
and significant at the 1% level, and the estimated coefficient of trade circulation efficiency
is 1.541 and significant at the 10% statistical level, indicating that the improvement of
transportation infrastructure can improve the efficiency of trade circulation and further
promote the upgrading of residents’ consumption structure, thus verifying hypothesis H3.
It should be noted that the above mediation effect analysis is based on observed panel data.
Although fixed effects and related influencing factors have been controlled, the results
should still be understood as statistical correlations between variables, rather than strict
causal inferences.

Table 11. Mechanism test results (three-step verification method).

Variables
Eff Upg
(1) (2)

LnTran
0.083 *** 5.547 ***
(3.269) (5.357)

Eff
1.541 *
(1.811)

Control Variables YES YES

Individual Fixed Effect YES YES

N 2592 2592

R-squared 0.203 0.104
Note: *, *** denote significance at the 10%, 1% levels, respectively. The statistics in parentheses report the t-values
corresponding to the clustered robust standard errors.

To further verify the statistical significance of the mediating effect, this paper employs
the Sobel–Goodman test and supplements it with the Bootstrap method (repeated sampling
1000 times) for a formal test (Table 12). The Sobel test result shows that the indirect effect
estimate is 0.089 (z = 2.524, p = 0.012), and the 95% confidence interval of the Bootstrap is
[0.0194, 0.1585], which does not include 0, indicating that the mediating effect is significant.
The proportion of the mediating effect in the total effect is 13.7%. The above results indicate
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that the efficiency of commercial circulation played a mediating role in the process where
the improvement of transportation infrastructure promoted the upgrading of residents’
consumption structure, thereby verifying Hypothesis H3 again.

Table 12. Mechanism test results (Sobel–Goodman test and Bootstrap test).

Test Method Indirect
Effect Std. Error z-Value p-Value 95% Confidence

Interval

Sobel-Goodman Test
Sobel 0.089 0.035 2.524 0.012 -
Aroian 0.089 0.036 2.491 0.013 -
Goodman 0.089 0.035 2.559 0.010 -
Bootstrap Test
Indirect Effect 0.089 0.035 2.510 0.012 [0.1094, 0.1585]

4.5. Spatial Spillover Effect Test
4.5.1. Spatial Autocorrelation Test

Considering that the 288 prefecture-level cities used in this paper are samples after
excluding those with severely missing data, they do not possess the characteristic of spatial
continuity. Therefore, the adjacency weight matrix cannot be adopted. The geographical
distance weight matrix only relies on the longitude and latitude coordinates of cities
and is not restricted by the continuity of the sample spatial distribution. Moreover, the
geographical distance attenuation effect is the basic law of spatial interaction. Therefore,
this paper adopts the geographical distance weight matrix for spatial econometric analysis.
The construction method of this matrix is as follows: The geographical distances between
each pair of cities are calculated based on their latitude and longitude coordinates. The
reciprocals of these geographical distances are obtained to form the initial geographical
distance matrix. Then, the row normalization process is applied to this matrix, so that
the sum of each row’s elements is 1. Before spatial panel regression, the global Moran’s I
index was used to test the spatial autocorrelation between the upgrading of transportation
infrastructure and residents’ consumption structure in each year from 2015 to 2023. The
results are shown in Table 13. In order to visually show the change trend of Moran’s I index
in each year, a broken line chart is further drawn, as shown in Figure 4. Generally speaking,
the upgrading of residents’ consumption structure and transportation infrastructure have
significant spatial dependence. Moran’s I index of the upgrading of residents’ consumption
structure reaches 0.095. Moran’s I index of transportation infrastructure reaches 0.059, and
it is significant at the 1% statistical level. Moran’s I index coefficient of the upgrading of
residents’ consumption structure and transportation infrastructure is significantly positive
at the 1% statistical level in all years, which means that Moran’s I index does have a
very significant spatial autocorrelation between the upgrading of residents’ consumption
structure and transportation infrastructure. They are not randomly distributed, but have
some spatial dependence.

Table 13. Moran’s I index of transportation infrastructure and upgrading of residents’ consumption
structure by year.

Overall Moran’s I Value for Upgrading
Household Consumption Structure

Transport Infrastructure Global
Moran’s I Value

Year Moran’s I
Value Z Value p Value Moran’s I

Value Z Value p Value

2015 0.075 15.62 0.000 *** 0.038 8.149 0.000 ***
2016 0.077 15.981 0.000 *** 0.041 8.762 0.000 ***
2017 0.076 16.052 0.000 *** 0.042 9.050 0.000 ***
2018 0.091 18.678 0.000 *** 0.044 9.366 0.000 ***
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Table 13. Cont.

Overall Moran’s I Value for Upgrading
Household Consumption Structure

Transport Infrastructure Global
Moran’s I Value

Year Moran’s I
Value Z Value p Value Moran’s I

Value Z Value p Value

2019 0.092 18.811 0.000 *** 0.046 9.759 0.000 ***
2020 0.095 19.505 0.000 *** 0.050 10.575 0.000 ***
2021 0.093 19.154 0.000 *** 0.050 10.509 0.000 ***
2022 0.080 16.508 0.000 *** 0.054 11.457 0.000 ***
2023 0.093 19.116 0.000 *** 0.059 12.228 0.000 ***

Note: *** denotes significance at the 1% level.

Figure 4. Global Moran’s I trend diagram of transportation infrastructure and residents’ consumption
structure upgrade.

The global Moran’s I index can only assess the overall spatial dependence but fails to
capture the local spatial agglomeration characteristics of individual prefecture-level cities.
To further identify spatial outliers and local spatial association patterns, this study selects
three key time points—2015, 2019, and 2023—to plot LISA cluster maps for both residents’
consumption structure upgrading and transportation infrastructure (Figure 5).

From the perspective of the spatial evolution pattern of residents‘ consumption struc-
ture upgrading, a significant north–south differentiation is observed over the sample period.
In 2015, the Beijing–Tianjin–Hebei region and the adjacent northern border areas formed
distinct high–high (HH) agglomerations, while South China and Southwest China were
predominantly characterized by low–low (LL) clusters, indicating a generally low level of
consumption upgrading. The areas surrounding the Beijing–Tianjin–Hebei region were
predominantly characterized by low–high (LH) outliers, reflecting the resource siphon
effect of the core cities in the early stage and indicating insufficient regional synergy. In
2019, the high–high (HH) agglomeration in the northern region continued to expand, rais-
ing the overall spatial autocorrelation level, while provincial capital cities in Southwest
China exhibited a high–low (HL) outlier pattern characterized by isolated development,
which made it difficult to drive coordinated upgrading in surrounding cities. By 2023, the
regional pattern had continued to improve, with the low–high (LH) anomalies around
the Beijing–Tianjin–Hebei region being significantly alleviated, and the positive radiation
spillover effects of core cities gradually emerging. Meanwhile, the extent of low–low (LL)
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agglomerations nationwide shrank considerably, and the level of regional coordinated
development in residents’ consumption upgrading steadily improved.

Figure 5. LISA cluster map of the upgrading of residents’ consumption structure and transportation
infrastructure. (Note: This map is produced based on the standard map (Map Review No.: GS (2024)
0650) downloaded from the Standard Map Service website of the Ministry of Natural Resources of
the People’s Republic of China. The base map has not been modified. The non-study areas include
Hong Kong, Macao, and Taiwan, which are inalienable parts of China).
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In terms of the agglomeration characteristics of transportation infrastructure, its spatial
pattern has remained generally stable, with pronounced regional disparities. Central
China’s hub provinces—such as Henan, Hubei, Hunan, and eastern Sichuan—have long
maintained extensive high–high (HH) agglomerations, reflecting a relatively high level of
road network connectivity and integration. These areas serve as the core region of positive
spatial association for transportation infrastructure nationwide. In Northwest China, a
persistent polarization pattern characterized by high–low (HL) outliers has been observed,
where provincial capital cities enjoy prominent infrastructure advantages yet exhibit weak
spillover effects, reflecting pronounced intra-provincial developmental imbalances. In
2023, the northeast region formed contiguous low–low (LL) agglomerations, falling into a
low-level equilibrium trap in terms of transportation infrastructure. This further widened
the development gap with the central and eastern regions, highlighting the prominent
spatial heterogeneity across the country.

Overall, both variables are predominantly characterized by high–high (HH) and low–
low (LL) agglomerations as their primary spatial association patterns. This finding is
consistent with the positive global Moran’s I index, indicating the presence of stable spatial
interaction effects across cities and providing visual support for the identification of spatial
spillover characteristics. The central core area with high–high clustering of transportation
infrastructure is highly coupled with the area where the advantages of the upgrading of
residents’ consumption structure are concentrated. This indicates that a well-developed
transportation network releases benefits through the flow of elements, is conducive to
improving the local consumption structure, and radiates to drive the neighboring areas to
achieve the upgrading of residents’ consumption structure.

4.5.2. Model Suitability Test

Referring to Elhorst’s spatial test theory, the LM test, Hausman test and LR test were
performed in this study in turn. The results are shown in Table 14. The LM test and robust
LM test for spatial error and spatial lag were both significant at the 1% statistical level,
indicating that spatial error effects and spatial lag effects existed simultaneously, and the
Spatial Durbin Model (SDM) should be selected as the base model. The Hausman test was
significant at the 1% statistical level, indicating that the fixed-effects model was superior
to the random-effects model. The LR test results rejected the null hypothesis that SDM
could be reduced to SAR or SEM, further confirming that SDM was a better model setting.
Therefore, this study uses a two-way fixed-effects Spatial Dobbin Model for estimation.

Table 14. LM, Hausman, LR test result.

Test Method Statistical Magnitude p Value

LM-spatial error 2385.199 0.000 ***
Robust LM-spatial error 196.855 0.000 ***
LM-spatial lag 2242.390 0.000 ***
Robust LM-spatial lag 54.046 0.000 ***
Hausman test 65.860 0.000 ***
LR-spatial lag 32.840 0.000 ***
LR-spatial error 37.740 0.000 ***

Note: *** denotes significance at the 1% level.

4.5.3. Analysis of Spatial Metrology Model

Based on the above test results, the two-way fixed-effects Spatial Dobbin Model is used
for estimation. The benchmark regression results are shown in Table 15. The estimation
coefficient of transportation infrastructure is 2.331 and significant at the 5% statistical level,
indicating that the improvement of local transportation infrastructure can significantly
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promote the upgrading of local residents’ consumption structure. The spatial lag coefficient
of transportation infrastructure 14 is 13.758 and significant at 10% statistical level, indicating
that the spatial effect of transportation infrastructure is significant, and the improvement of
transportation infrastructure in this area has positive spillover effect on the upgrading of
residents’ consumption structure in other areas, which preliminarily confirms the existence
of spatial spillover.

Table 15. Spatial Durbin Model regression (including main effects and spatial lag terms).

Variables
Main Effect Spatial Lag Term

(1) (2)

LnTran
2.331 ** 13.758 *
(0.03) (0.09)

Control Variables YES YES

Individual Fixed Effect YES YES

Time Fixed Effect YES YES

rho 0.445 *** 0.445 ***

N 2592 2592

R-squared 0.042 0.042
Note: *, ** and *** denote significance at the 10%, 5% and 1% levels, respectively. The statistics in parentheses
report the t-values corresponding to the clustered robust standard errors.

Although the Spatial Dobbin Model explained the spatial correlation between regions,
its parameter estimation results could not truly reflect the direct effect and spatial spillover
effect. In this study, the influence coefficients of each explanatory variable were further
decomposed into spatial direct effect, spatial indirect effect, and spatial total effect, and the
results are shown in Table 16. The direct effect of transportation infrastructure coefficient is
2.441 and significantly positive at the 5% statistical level, the indirect effect coefficient is
27.478 and significantly positive at the 10% statistical level, and the total effect coefficient is
29.920 and significantly positive at the 5% level, indicating that the improvement of local
transportation infrastructure has significant spatial spillover effect while promoting the
upgrading of local residents’ consumption structure, thus verifying hypothesis H4.

Table 16. Spatial effect decomposition results.

Variables
Direct Effect Indirect Effects Gross Effect

(1) (2) (3)

LnTran
2.441 ** 27.478 * 29.920 *
(0.03) (0.10) (0.07)

Control variables YES YES YES

Individual Fixed Effect YES YES YES

Time Fixed Effect YES YES YES

rho 0.445 *** 0.445 *** 0.445 ***

N 2592 2592 2592

R-squared 0.042 0.042 0.042
Note: *, ** and *** denote significance at the 10%, 5% and 1% levels, respectively. The statistics in parentheses
report the t-values corresponding to the clustered robust standard errors.

4.6. Heterogeneity Analysis

The impact of improvements in transportation infrastructure on the upgrading of
residents’ consumption structure may vary depending on the type of city. Group regression
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can reflect the significance and direction of the core explanatory variables within each sub-
sample, which is helpful in identifying the differentiated characteristics of effects among
different city types. To further reveal the heterogeneity of this effect, this study believes
that the following heterogeneity of residents’ locations is worthy of particular attention.

First, consider the development level of the city where the residents live. In China,
first-tier and second-tier cities usually have a higher economic level, a more perfect market
system and a more mature consumption environment, but they also face problems such
as saturated urban transportation infrastructure, limited marginal improvement space
for urban transportation facilities, and easy traffic congestion for residents. Although the
economic development level of non-first- and -second-tier cities is relatively backward,
they can vigorously promote the improvement of transportation infrastructure and create
a better investment and consumption environment, which is conducive to population
flow and even agglomeration, and may affect the change in local residents’ consumption
structure. In order to investigate the similarities and differences between these two types
of cities, according to the list of “City Commercial Charm Ranking List” for the past five
years, this study divides the sample into first-tier and second-tier cities and non-first-
tier cities for grouping regression estimation. Table 17 reports the results of grouping
regression. The results show that the promotion effect of transportation infrastructure
on the upgrading of residents’ consumption structure is 2.868 in first-tier and second-
tier cities, which is not significant; the estimation coefficient is 5.445 in non-first-tier and
-second-tier cities, which is significant at the statistical level of 1%. This result shows
that the marginal effect of transportation infrastructure improvement on the upgrading
of residents’ consumption structure has a decreasing law, that is, with the context that
the transportation network of the first- and second-tier cities has been relatively perfect,
the pulling effect of continuing to increase transportation investment on the upgrading
of residents’ consumption structure tends to be saturated; in non-first- and -second-tier
cities, the improvement of transportation infrastructure can effectively release consumption
potential and promote the upgrading of residents’ consumption structure, which also
confirms the strategic significance of the state’s continuous promotion of transportation
infrastructure extension to small and medium-sized cities.

Table 17. Heterogeneity test results (Is it a first-tier or second-tier city).

Variables
Upg Upg
(1) (2)

LnTran
2.868 5.445 ***

(0.753) (4.974)

Control Variables YES YES

Individual Fixed Effect YES YES

N 441 2151
R-squared 0.077 0.114

Note: *** denotes significance at the 1% level. The statistics in parentheses report the t-values corresponding to
the clustered robust standard errors.

The second is to consider the difference between whether the city where the residents
live is located in the national metropolitan area, in terms of of the spatial spillover effect.
A metropolitan area is an urbanized spatial form with the core city as the center and the
1 h commuter circle as the basic scope within the urban agglomeration. It has economic,
social and living functions. It is the product of the evolution of the city into an economic
functional area and an important spatial carrier for the coordinated development of the
regional economy. Cities in national metropolitan areas have first-mover advantages in
policy planning in terms of transportation network interconnection, commuting integration
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construction and deep market integration, which is theoretically conducive to promoting
two-way flow and functional complementarity of elements through cross-city transporta-
tion connection. Although non-national metropolitan areas have been actively promoting
the process of transportation integration in recent years, they lack a mature cross-city
commuting network and market integration mechanism on the whole. The impact of
transportation infrastructure improvement on consumption structure may depend more on
local travel facilitation, and it is difficult to obtain consumption linkage dividends brought
by spatial spillover. In order to investigate the similarities and differences between these
two types of cities, according to the classification of national metropolitan area cities by
the National Development and Reform Commission, this study divides the sample into
national metropolitan area cities and non-national metropolitan area cities for group regres-
sion estimation. Table 18 reports the group regression results, and the results show that the
regression coefficient of metropolitan area cities is 5.751 and significant at the 10% statistical
level; the regression coefficient of non-metropolitan cities is 5.577 and significant at the 1%
statistical level. The two groups of coefficients are significantly positive, but the estimation
coefficient of metropolitan cities is larger, indicating that the improvement of transportation
infrastructure has a stronger impact on the upgrading of residents’ consumption structure
in national metropolitan cities.

Table 18. Heterogeneity test results (whether it is a national metropolitan area city).

Variables
Upg Upg
(1) (2)

LnTran
5.751 * 5.577 ***
(1.761) (4.998)

Control Variables YES YES

Individual Fixed Effect YES YES

N 594 1998
R-squared 0.099 0.105

Note: * and *** denote significance at the 10% and 1% levels, respectively. The statistics in parentheses report the
t-values corresponding to the clustered robust standard errors.

Third, consider whether the city where the residents live has a national logistics hub.
A national logistics hub is a key node in the logistics network, undertaking core functions
such as cargo distribution, transshipment, and distribution. The cities that host logistics
hubs usually have higher logistics efficiency, lower circulation costs, and richer commodity
supply capabilities. The improvement of transportation infrastructure in cities that host
logistics hubs not only facilitates residents’ travel, but also promotes the upgrading of
residents’ consumption structure by reducing logistics costs. Although non-state logistics
hub cities are also increasing investment in logistics construction in recent years, the overall
circulation efficiency and network coverage are still relatively lagging behind. In order to
investigate the similarities and differences between these two types of cities, according to
the annual construction list of national logistics hubs led by the National Development
and Reform Commission since 2019–2023, this study divides the samples into two groups,
national logistics hub-bearing cities and non-national logistics hub-bearing cities, and
performs group regression estimation. Table 19 reports the results of group regression,
which shows that the estimation coefficient of the city hosted by the national logistics hub
is 10.826, which is significant at the 1% statistical level; the estimation coefficient of the
city hosted by the non-national logistics hub is 3.407, which is also significant at the 1%
statistical level. The two groups of coefficients are highly significant, but the estimation
coefficient of the city carried by the national logistics hub is larger, indicating that the
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impact of the urban transportation infrastructure level carried by the national logistics hub
on the upgrading of residents’ consumption structure is stronger.

Table 19. Heterogeneity test results (whether it is a national logistics hub city).

Variables
Upg Upg

(1) (2)

LnTran
10.826 *** 3.407 ***

(5.256) (2.883)

Control Variables YES YES

Individual Fixed Effect YES YES

N 783 1809

R-squared 0.106 0.114
Note: *** denotes significance at the 1% level. The statistics in parentheses report the t-values corresponding to
the clustered robust standard errors.

Fourth, consider the heterogeneity effect brought by the construction of strategic
channels. The New Western Land–Sea Corridor is an important strategic deployment for
the country to promote the development. The cities along the corridor enjoy significant
advantages in transportation infrastructure construction, policy resource allocation and
coordinated industrial development. The improvement of transportation infrastructure can
not only strengthen internal accessibility, but also broaden the consumption choice space
of residents by improving logistics efficiency, thus promoting the upgrading of residents’
consumption structure. Non-line cities lack policies and resources at the national strategic
level, and their traffic improvement may have a relatively limited role in promoting the
upgrading of residents’ consumption structure. In order to investigate the similarities and
differences between these two types of cities, this study divides the sample into two groups
according to the Overall Plan for the New Western Land–Sea Corridor, namely, cities along
the New Western Land–Sea Corridor and cities not along the corridor, and makes regression
estimation respectively. Table 20 reports the grouped regression results, which show that
the estimated coefficient of transportation infrastructure in cities along the New Western
Land–Sea Corridor is 7.369, which is significant at the statistical level of 1%, while the
estimated coefficient of transportation infrastructure in cities not along the corridor is 1.676,
which fails the significance test. This indicates that the urban transportation infrastructure
level along the New Western Land–Sea Corridor has a stronger impact on the upgrading of
residents’ consumption structure.

Table 20. Heterogeneity test results, (Is it a city along the New Western Land–Sea Corridor?).

Variables
Upg Upg
(1) (2)

LnTran
7.369 *** 1.676
(4.187) (1.229)

Control Variables YES YES

Individual Fixed Effect YES YES

N 819 1773
R-squared 0.194 0.078

Note: *** denotes significance at the 1% level. The statistics in parentheses report the t-values corresponding to
the clustered robust standard errors.
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5. Conclusions and Recommendations
Based on the theoretical clarification of the relationship between transportation infras-

tructure, commercial circulation efficiency and the upgrading of residents’ consumption
structure, this study selects panel data of 288 prefecture-level cities in China from 2015 to
2023 to further conducted an empirical analysis of the statistical correlation and transmis-
sion path among these three factors, and draws the following conclusions:

(1) There is a significant positive correlation between the improvement of transporta-
tion infrastructure and the upgrading of residents’ consumption structure. This conclusion
remains valid even after a series of robustness tests.

(2) The results of the mechanism test show that the efficiency of commercial and trade
circulation plays a mediating role between transportation infrastructure and the upgrading
of residents’ consumption structure.

(3) The results of the spatial spillover effect test show that there is a positive correlation
between the improvement of local transportation infrastructure and the upgrading of the
consumption structure of local residents. Moreover, it has a significant spatial spillover
effect and can exert a positive radiation and driving influence on the upgrading of the
consumption structure of residents in neighboring areas.

(4) The heterogeneity test results show that in the cities along the New Western Land–
Sea Corridor and non-first- and -second-tier cities, there is a positive correlation between
the improvement of transportation infrastructure and the upgrading of residents’ con-
sumption structure. Compared with residents of non-national-level metropolitan areas, the
transportation infrastructure of national-level metropolitan areas has a stronger correlation
with the upgrading of residents’ consumption structure; the correlation between the trans-
portation infrastructure of cities with national logistics hubs and the upgrading of residents’
consumption structure is greater than that of cities without national logistics hub status.

It is necessary to point out that this study also has certain limitations. Firstly, the
research sample is limited to the prefecture-level cities in China. Whether the conclusions
are applicable to other levels or regions at different development stages still needs further
verification. Secondly, due to the limited availability of relevant data at the prefecture-
level city level, the empirical analysis based on observed data is difficult to completely
rule out potential confounding variables and reverse causality. Again, this paper mainly
examines the mediating path of commercial circulation efficiency. The impact channel of
transportation infrastructure improvement on the upgrading of residents’ consumption
structure may be more diverse, and further research is needed to explore this further. Future
research can, under the condition of available data, combine more detailed micro-data
or use quasi-natural experiment methods to conduct more in-depth discussions on the
above issues.

According to the conclusions of this study, the following recommendations are proposed:
First, continuously improve the transportation infrastructure network. Transportation

infrastructure serves as the “physical channel” connecting production and consumption,
and its scale and quality directly affect the efficiency of the circulation of goods and factors.
Therefore, the construction of a comprehensive and multi-modal transportation network
should be continuously advanced. The Ministry of Transport should take the lead, in
collaboration with the National Development and Reform Commission, to jointly plan the
overall scheme. Each provincial government should be responsible for the implementation
of transportation projects within its respective region, with a focus on addressing the
transportation shortcomings in the central and western regions as well as remote areas,
and enhancing the density and accessibility of the road network. At the same time, we
should pay attention to the effective connection between transportation infrastructure
and consumption centers and logistics hubs, increase their radiation driving ability to
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the consumption market, and provide more solid physical support for the upgrading of
residents’ consumption structure.

Second, enhance the intermediary transmission effect of commercial and trade circula-
tion efficiency. The efficiency of commercial circulation serves as an important transmission
channel in the positive correlation between transportation infrastructure and the upgrading
of residents’ consumption structure. On the one hand, we should speed up the cultivation
of modern logistics enterprises, promote the large-scale and intensive development of
the logistics industry, and reduce the cost of unit commodity circulation; on the other
hand, we should vigorously develop emerging circulation formats such as smart logis-
tics, cold chain logistics, and instant distribution, so as to improve the timeliness and
quality assurance capability of commodity circulation. In addition, we should promote
the construction of commercial circulation platforms; encourage the deep integration of
e-commerce platforms, supply chain service platforms and transportation hubs; and build
an efficient, convenient and low-cost commodity circulation network. This can be led by
the Ministry of Commerce and the National Development and Reform Commission, with
local commerce authorities responsible for implementation. Logistics industry associations
will promote the formulation and promotion of industry standards. By improving the effi-
ciency of commercial circulation, the dividends of improved transportation infrastructure
can be truly transformed into the accessibility and availability of residents’ consumption,
and the consumption structure of residents can be upgraded to the development and
enjoyment type.

Third, strengthen the coordinated development of regional traffic. There is a signifi-
cant positive spatial synergy between transportation infrastructure and the consumption
structure of residents. We should actively promote the interconnection of cross-regional
transportation infrastructure, strengthen the integration of transportation in urban clusters
and metropolitan areas, build an efficient and convenient regional transportation network,
and promote the orderly and free flow of consumption factors. At the same time, we should
give full play to the radiation function of core cities to drive the upgrading and coordi-
nated development of consumption in surrounding areas.. At the same time, the National
Development and Reform Commission and the Ministry of Transport should coordinate
cross-regional transportation planning, and the relevant municipal governments should
jointly participate in the construction of regional transportation integration. A regional
transportation co-construction and sharing mechanism should be established to coordinate
the planning of cross-regional transportation projects, avoid redundant construction, and
maximize the spatial spillover benefits of transportation infrastructure.

Fourth, implement differentiated development strategies. The correlation between
transportation infrastructure and the upgrading of residents’ consumption structure varies
depending on the type of city. For non-first- and -second-tier cities, we should seize
the opportunities brought about by the improvement of transportation costs and market
accessibility, build supporting commercial outlets and digital consumption infrastructure.
For cities in national metropolitan areas, we should continue to give full play to the
advantages of transportation infrastructure directly serving commuting and consumption
markets. For cities bearing national logistics hubs, we should give full play to their
core functions of goods distribution, transit and distribution, promote the coordinated
development of hub economy and consumption economy, and encourage hub cities to take
the lead in laying out new consumption formats such as initial economy and experience
economy; For cities along the New Western Land–Sea Corridor, it is necessary to promote
the deep integration of transportation, logistics, industry and consumption in combination
with the construction of the corridor, build regional consumption centers. The National
Development and Reform Commission will take the lead in formulating differentiated
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support policies. Each local government will, based on its own actual situation, formulate
specific implementation rules. The commerce department will cooperate to promote the
construction of supporting commercial outlets and consumption patterns.

Fifth, promote the coordinated development of transportation and consumption poli-
cies. The connection between transportation infrastructure and the upgrading of residents’
consumption structure is intertwined with factors such as regional economic development,
market openness, and digital empowerment. Therefore, the coordination of transportation,
commerce, finance, industry and other policies should be strengthened. In the layout of
transportation projects, consumer market cultivation, commercial network supporting, dig-
ital consumption infrastructure construction, and other factors should be simultaneously
considered to form a policy synergy. In the planning of transportation projects, factors
such as the cultivation of the consumer market, the establishment of commercial outlets,
and the construction of digital consumption infrastructure should be taken into consider-
ation simultaneously. The local government’s departments of development and reform,
transportation, commerce, and finance should establish a joint meeting system to regularly
coordinate and solve the bottlenecks and difficulties in the implementation of policies,
thereby forming a policy synergy. At the same time, local governments are encouraged,
based on the characteristics of local consumption structure, to explore a linkage model
between transportation improvement and consumption promotion to further amplify the
consumption-driven effect of transportation infrastructure.
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