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h i g h l i g h t s g r a p h i c a l a b s t r a c t 

• Urban-rural integration (URI) is a global 

issue highly related to SDGs. 
• A new framework for analyzing the URI 

in China was established. 
• The spatial pattern of URI in 2020 of 

China at county level was analyzed. 
• The indirect negative effects of geo- 

graphical factors on URI was detected. 
• Eight types of 742 counties were identi- 

fied as lagging regions of URI in China. 
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a b s t r a c t 

Urban-rural integration (URI) is a global challenge that is highly related to inequalities, poverty, economic growth, 

and other Sustainable Development Goals (SDGs). Existing research has evaluated the extent of URI and explored 

its influencing factors, but urban-rural linkages are seldom incorporated in evaluation systems, and geograph- 

ical factors are rarely recognized as the influencing factors. We construct a URI framework including regional 

economy, rural development, urban-rural linkage, and urban-rural gap. Based on a dataset consisting of 1,669 

counties in China in 2020, we reveal the spatial pattern of URI and find a high correlation between the spatial 

pattern of URI and the relief degree of land surface (RDLS). Using structural equation modeling, we discover that 

topography has direct ( − 0.18, p < 0.001) and indirect ( − 0.17, p < 0.001) effects on URI. The indirect negative 

effects are mediated through the infrastructure, and the combination of localized advantages and modern tech- 

nical conditions could mitigate the negative impact of topography. Finally, we identify 742 counties as lagging 

regions in URI, which can be clustered into eight types. Our findings could facilitate policy designing for those 

countries striving for integrated and sustainable development of urban and rural areas. 
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. Introduction 

An enormous gap exists between rural and urban areas, involving

ccess to safe water, clean energy, health care, good education, de-

ent work and other Sustainable Development Goals (SDGs), which is

 prominent feature of virtually all countries throughout the world, es-

ecially in developing countries ( Sovacool et al., 2022 ). According to
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he United Nations, secondary school attendance in rural areas of de-

eloping countries has increased from 26% in the 1990s to 43% in the

010s, and from 45% to 60% in urban areas during the same period

 UN DESA, 2020 ). It suggests that despite the great progress rural areas

ave made, they still lag far behind urban areas, and the same holds

rue for other issues such as stunting, access to electricity and sanita-

ion. Worldwide, the urban-rural gap accounts for 40% of mean country

nequality and much of the cross-country variation ( Young, 2013 ). A

arge rural-urban gap may lead to social division, rural dissatisfaction,

nd even unrest in some countries ( Lichter and Ziliak, 2017 ). In sum,

arrowing the urban-rural gap and promoting urban-rural integration
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Fig. 1. Connotations of URI. 
URI) is a global challenge that nearly all governments need to tackle,

nd it is closely tied to SDGs. 

URI aims to change the urban bias in regional development strate-

ies and move towards equalized development across urban and rural

reas ( Yang et al., 2021 ). It is directly related to SDG 10 (reduced in-

qualities) and SDG 11 (sustainable cities and communities). In addi-

ion, URI can drive regional growth through infrastructure investment,

gricultural restructuring, rural development ( Li et al., 2015 ; Pan et al.,

021 ) and employment generation ( Liu et al., 2016 ), which could also

ffect the achievement of SDG 2 (no hunger), SDG 8 (decent work and

conomic growth), SDG9 (industry, innovation, and infrastructure) and

DG12 (responsible consumption and production). In this vein, assess-

ng the level of urban-rural integration and identifying the influencing

actors are of vital importance to the global process toward sustainable

evelopment. 

China has experienced the most rapid urbanization in the world,

long with a fast increase in urban-rural inequalities. Since its reform

nd opening up policy, China’s urban-rural income gap has shown an

nverted U shape; namely, it first expanded and then narrowed. The av-

rage urban-rural income ratio was 2.57 in 1978, reached a peak of 3.11

n 2010, and narrowed to 2.56 in 2020. To coordinate development be-

ween rural and urban areas, China has issued a series of policies. For

nstance, China established 11 national pilot areas for integrated urban-

ural development in 2019, which aims to break down the shortcomings

f institutional mechanisms and promote the free flow and equal ex-

hange of various factors of production between urban and rural areas.

he current challenges China faces are shared among many developing

ountries. Thus, studies on the experiences of URI in China may provide

eference to and consequently benefit other countries who also grapple

ith similar challenges in urban-rural integration. 

A county is an important unit for URI in China, which plays an in-

ermediate connecting role between large, medium, and small cities,

nd small towns and villages. In 2021, the No. 1 Central Document of

hina proposed faster integrated urban-rural development within coun-

ies. However, due to the limitations of the statistical data availability,

he current evaluation of China’s URI level is mainly at the provincial

evel ( Chen et al., 2020 ; Liu et al., 2013 ; Yang et al., 2021 ) and lacks

valuations at the county level. Therefore, leveraging unique geographic

patial data and revealing the spatial pattern of urban-rural integration

t the county level can provide a valuable reference for policy making. 

Previous research has made progress in evaluating the URI level,

ainly employing three types of indicators ( Ma et al., 2020 ; Yuan et al.,

020 ; Zhou and Shi, 2022 ): (1) comprehensive indicators, which reflect

he overall development level of urban and rural areas, such as GDP per

apita reflecting the overall economic development of the region; (2)

omparative indicators, which reflect the difference between urban and

ural areas in a certain aspect, such as the income ratio of urban and ru-

al residents reflecting the income gap between them ( Yuan et al., 2020 );

3) catch-up indicators, which refer to the extent for rural areas in a dis-

dvantaged position to continuously catch up their urban counterparts

 Combes et al., 2020 ). For example, the per capita disposable income of

ural residents is commonly selected to reflect the economic level of ru-

al areas, despite the fact that the evaluation of URI is more systematic

nd scientific and gradually approaches the theoretical connotation of

RI. However, these indicators have a deficiency in accurately depicting

he linkage and social-economic interdependence between urban and ru-

al areas, and they don’t reflect the flow of production factors and the

conomic and social interactions between the urban and rural areas. 

In terms of influencing factors, prior research has examined the fol-

owing influence on URI: industrial structure ( Guo et al., 2022 ), urban-

zation level ( M. Chen et al., 2022 ; Wan et al., 2022b ), infrastructure

nd public service accessibility ( Cattaneo et al., 2022 ), and geographi-

al factors ( Wan and Zhou, 2005 ). Notably, although existing research

cknowledges the impact of geographical factors on urban-rural integra-

ion, the study of how topography influences urban-rural integration has

eceived only sporadic attention to date. We contend that in addition to
405 
irectly influencing the level of URI, geographical factors may also have

ndirect effects on URI by influencing industrial structure, urbanization

evel, and infrastructure and public services accessibility. In particular,

he immovability and persistence of infrastructure may reinforce the in-

uence of geographical factors, which could stagnate the outcome of

egional inequalities ( Pandey et al., 2022 ; Thacker et al., 2019 ). In line

ith this reasoning, examining and comparing the direct and indirect

ffects of geographical factors on URI could provide new insights into

he paths to achieve URI. 

This research aims to assess the level of URI in China at the county

evel and explore the role of geography in shaping it. Firstly, we con-

truct a theoretical framework of URI, with the inclusion of indicators

pecifically reflecting urban-rural linkages and interactions. Secondly,

e conduct an empirical analysis using more granular county-level data

hich captures the smaller within-county topographic variations com-

ared to the provincial level data that have been primarily employed

n previous studies. Therefore, we believe this county-level data is more

onducive to capturing the impact of topography on urban-rural inte-

ration. Notably, this unique data on urban and rural income at the

ounty level is mined from a vast amount of county-level statistical bul-

etins and government work reports to reflect the gap between urban

nd rural areas. Thirdly, the direct and indirect effects of geographi-

al factors are explored with structural equation modeling to reveal the

aths through which geographical factors influence urban-rural integra-

ion. And finally, the lagging regions of URI are identified based on a

et of criteria to reveal the current development status and challenges

aced by specific regions in URI. We hope that our intriguing findings

ill shed light on URI and provide help to other countries in achieving

heir URI and SDGs. 

. Materials and methods 

.1. An analytical framework for URI 

URI is complex and involves a variety of aspects of socioeconomic

evelopment. Making urban and rural development more conducive to

he SDGs entails an integrated framework which could also help us ana-

yze the connotations of URI. To do that, we draw from prior literature

o establish the main theoretical constructs and explore the connota-

ions of URI from four dimensions: overall regional development, rural

evelopment, urban-rural mutual linkage, and urban-rural gap ( Fig. 1 ).

URI means integrating both urban and rural interests to achieve

verall regional development. Hence it is necessary to acknowledge the

hared interests that unify urban and rural areas rather than divide them

nto isolated dichotomized categories ( Lichter and Brown, 2011 ). We ar-

ue that focusing on the integrated regional development status is the

rst key point of urban-rural integration, a crucial feature that distin-

uishes it from early concepts such as urban-rural equalized develop-

ent ( Liu et al., 2015 ). The higher level of URI, the more prosperous

egional development. 

Rural areas are typically at a disadvantage in terms of regional devel-

pment, so the trend of rural decline must be reversed to achieve URI.
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n the Lewis model, development entails widespread migration from ru-

al to urban areas. In this process, rural areas play a passive rather than

ctive role ( UN DESA, 2021 ). However, this urbanization view usually

eads to an urban-centric development strategy, leaving rural areas on

he sidelines in policy discussions and far away behind the country’s

conomic bounty. The decline of rural areas’ development capacity and

he intensification of “rural disease ” issues ( Liu and Li, 2017 ) must be

hanged in the process of URI, and rural areas should share prosperity

s well. 

To promote shared prosperity, URI requires strong mutual links

etween urban and rural areas through flows of labor migration,

apital, goods, technology, information, and other production factors

 Lichter and Brown, 2011 ; Liu, 2018 ). Traditionally, roads facilitate the

ow of labor and goods. However, urban areas usually play a dominant

ole, leading to a one-way flow of resources from rural to urban areas

 Wan et al., 2022a ). The rise of new digital technologies offers platforms

or the exchange of technology and information between urban and ru-

al areas, which provides the basis for interaction to ensure a balanced

evelopment of both urban and rural areas rather than exclusively ben-

fiting urban development. 

The urban-centric development strategy and the one-way flow of re-

ources from rural to urban areas usually lead to a sizable urban-rural

ap. Given URI denotes equalizing development across urban and rural

reas and diminishing the urban-rural gap ( Lagakos, 2020 ), this neces-

ities a more spatially inclusive approach and consequently indicates

hat the policies tackling development issues and benefiting the cities

ust be extended to the rural areas. The dual-track structure of urban-

ural development needs to be eliminated to realize the prosperity and

ell-being of both urban and rural areas. 

These four dimensions of overall regional development, rural devel-

pment, urban-rural mutual linkage, and urban-rural gap are correlated

ith each other, with each of them reflecting the connotations of URI.

otably, URI highly depends on the local physical and institutional con-

itions, such as topography, natural resource endowments, and access

o public services, among others. The effects of geographic factors on

RI may be both direct, through influencing the four dimensions, and

ndirect, through influencing the distribution of public infrastructure. 

.2. Measuring the URI of China at the county level 

Integrating the analytical framework and previous studies

 Cattaneo et al., 2021 ; Yang et al., 2021 ) and considering data

ccessibility at the county level, this research establishes a URI eval-

ation index system that covers four dimensions as we discussed:

egional economic development, rural development, urban-rural

inkage, and income gap between urban and rural areas ( Table 1 ).

pecifically: (1) GDP per capita and total consumption per capita are

elected to reflect the level of regional economic development from

he perspective of production and consumption in a county. GDP

er capita is an important indicator to portray regional economies,

hile total consumption per capita can reflect both people’s living

tandards and the potential of consumption to drive macroeconomic

rowth. (2) The level of rural development is reflected by the per

apita disposable income of rural residents. Due to the constraints

f the current statistical system, the indicators used to reflect rural
Table 1 

Evaluation index system for URI level. 

Criterion Index 

Regional economic development GDP per capita (RMB/

Total consumption per

Rural development Rural disposable incom

Urban-rural linkage Distance to transportat

Rural digital index 

Urban-rural income gap Income ratio of urban 

406 
evelopment at the county level are limited. The disposable income of

ural residents is the commonly used indicator because it has a strong

orrelation with the living standard of rural residents. (3) The average

istance to transportation infrastructure and the rural digital index

re chosen to comprehensively reflect the level of urban-rural linkage.

he average distance to transportation infrastructure is calculated

y the cost distance method on ArcGIS software, which could model

he proximity of population distribution to the transport facilities

 S. Chen et al., 2022 ). It can reflect the accessibility of counties and the

patial basis and potential of urban-rural interaction at the county level.

he rural digital index is a composite index involving the construction

f rural digital infrastructure and the degree of digitization of economy,

overnance, and life. The improvement of rural digitalization level

stablishes the platform and technological groundwork for the linkage

f urban and rural areas in the context of accelerated integration of

ew-generation information technology and the real economy. And

4) the income gap between urban and rural areas is measured by the

ncome ratio of urban and rural residents, which is frequently used as

n important economic indicator delineating the urban-rural divide

n many studies ( Yuan et al., 2020 ). To measure the multicollinearity

mong these indicators, we tested the variance inflation factor (VIF) of

he indicators and found VIFs are less than 5, with a maximum value

f 3.48 and a mean value of 2.00, indicating that there is no significant

ulticollinearity among the indicators and the indicator system is

easonable to set. 

Based on the constructed framework of the URI evaluation index

ystem, the data must first be preprocessed. We use the maximum dif-

erence normalization method for data standardization. Consistent with

revious research ( Xu et al., 2020 ), all criteria are weighted equally in

he URI index, conveying that each dimension is equally important for

chieving URI. This also suggests that these counties should prioritize all

imensions to enhance their levels of URI, with special emphasis on the

imensions that are farthest from achieving URI. By focusing on these

reas, counties can expect to make rapid progress and see incremental

mprovements. 

.3. Exploring URI influencing factors with structural equation modeling 

Structural equation modeling (SEM) is an extension of the general

inear model (GLM) and can examine the complex relationships among

ariables ( Grace et al., 2016 ). We applied SEM to explore the factors

nfluencing URI for the following reasons: First, SEM can include latent

ariables to represent theoretical variables that cannot be measured di-

ectly. URI is a comprehensive and abstract concept that is difficult to be

epicted by a single indicator, and the latent variables through SEM can

rovide a way to observe and process it. Second, SEM can explicitly ex-

mine both direct and indirect relationships between variables, thereby

ould help us better understand the role of geography in shaping the

attern of URI in China. 

We chose one latent variable and five observed variables to detect

he direct and indirect effects of geography on URI based on our pro-

osed framework, previous studies ( Cattaneo et al., 2022 ), and avail-

ble data. The level of URI is the latent variable ( Y ) that is observed by

he level of regional economic development, rural development, urban-

ural linkage, and urban-rural income gap. The name and descriptions
Direction Weight 

person) + 0.125 

 capita (RMB/person) + 0.125 

e per capita (RMB/person) + 0.25 

ion infrastructure (km) − 0.125 

+ 0.125 

and rural residents − 0.25 
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Table 2 

Information of the observed variables. 

Name Description 

RDLS Relief degree of land surface, a synthetic representation of the altitude and incision depth of a region. Higher values 

indicate more pronounced topographic relief 

Location Travel time to the provincial capital, higher values indicate worse location and transportation 

Financial Financial Inclusion Index involves coverage breadth, usage depth, and digitization level 

Medical Kernel density values for points of interest (POI) on hospitals, higher values indicate better medical services 

School Kernel density values for POI on schools, higher values indicate better educational services 
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e  

n  

d  
f the five observed variables can be found in Table 2 . We chose re-

ief degree of land surface (RDLS) as the proxy variable for geography

ecause it synthetically represents the altitude and incision depth of a

egion ( Feng et al., 2008 ) and has a more direct and stronger association

ith socioeconomic activities and infrastructure construction than other

eographic elements such as temperature and precipitation. For acces-

ibility to infrastructure and public services, we select indicators from

our typical areas: transportation, finance, healthcare, and education. 

.4. Ranking variable importance based on random forest 

To confirm the role of geography in shaping URI, we rank the influ-

ncing factors according to the variable importance calculated by ran-

om forest (RF). RF is an increasingly used statistical method and is very

owerful in revealing underlying phenomena that may be neglected by

raditional regression ( Breiman, 2001 ). The principle of RF algorithm is

o merge numerous binary decision trees created using several bootstrap

amples from the learning sample and randomly select a subset of ex-

lanatory variables at each node ( Genuer et al., 2010 ). Given that tradi-

ionally geography has been generally ignored by macroeconomics due

o both theoretical and empirical constraints ( Nordhaus, 2006 ). There-

ore, we deem that the application of RF may lead to new insights. The

F model in this study is operated in the R Statistical Software (R version

.0.2) with the package “randomForest ”. 

.5. Quantitative identification of lagging regions 

Identifying lagging regions can help to design and improve regional

olicies. To quantitatively identify lagging regions of URI, we drew

n the established methods that have been used in previous research

 Li et al., 2014 ) and proposed five evaluation criteria as follows: (1) URI

ndex lower than 50% of the national average; (2) regional economic

ndex lower than 50% of the national average; (3) rural development

ndex lower than 50% of the national average; (4) urban-rural linkage

ndex lower than 50% of the national average; (5) income gap index

ower than 50% of the national average. A county may be categorized

s a lagging region if it fits one or more certain criteria. Based on the
Fig. 2. Spatial pattern of (

407 
forementioned five criteria, we did an overlay analysis using ArcGIS’s

patial Query Tool. We then categorized the lagging regions into differ-

nt types in conjunction with the systematic clustering analysis of the

RI index and individual dimension indexes. 

.6. Data sources 

County-level socioeconomic data were mainly obtained from the Chi-

ese Counties (Cities) Socioeconomic Statistical Yearbook (2021) . Data on

he disposable income of urban and rural residents were mined from

he statistical bulletins and governmental reports of each county. When

reparing the dataset, the statistical yearbooks of each province and pre-

ecture were used for revising and validating data accuracy. DEM data

or calculating the relief degree of land surface (RDLS) were derived

rom the National Resources and Environmental Database presented by

esources and Environmental Scientific Data Center, Chinese Academy

f Sciences. The transportation data on the average distance to trans-

ort infrastructure and travel time to the provincial capital is from the

iterature ( S. Chen et al., 2022 ). The data of the financial inclusion in-

ex is sourced from the Digital Financial Inclusion Index of China by

eking University ( Guo et al., 2020 ). The Digital Rural Index is derived

rom the County Digital Rural Index Database by Institute for New Ru-

al Development, Peking University and Ali Research Institute. POI data

n hospitals and schools is sourced from Gauteng Maps. The population

nd urbanization rate data were obtained from the national 2020 cen-

us. Together we obtained data of 1,669 counties, consisting of 89.4%

f China’s cities at the county level, counties and autonomous counties,

nd thus have strong representativeness. 

. Results 

.1. Spatial pattern of URI at the county level 

China’s URI level exhibits a steady, falling geographical trend from

ast to west, constrained by physical restrictions and overall socioeco-

omic growth ( Fig. 2 (a)). The average URI index is 49.596 (SD (stan-

ard deviation) = 20.778; CV (variation coefficient) = 0.419), with a low
a) URI and (b) RDLS. 
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Guizhou Plateau. 
verall level and large regional disparities. The counties with higher

RI index are mainly concentrated in eastern coastal China, due to its

dvantages such as favorable physical conditions and strong economic

oundation. The counties with lower URI index are mainly located in

ountainous areas in west China, spatially overlapping with areas of

igh relief degree of land surface ( Fig. 2 (b)). It suggests that the level of

RI is lower where the topography is more undulating. 

.2. Four dimensions of URI 

Patterns of the regional economic index, rural development index,

rban-rural linkage index, and income gap index are shown in Fig. 3 . 
Fig. 3. Spatial pattern of fo

408 
The average regional economic index is 8.905 (SD = 6.153;

V = 0.691). Counties with higher regional economic index are mainly

ocated in the eastern coastal regions or surrounding the provincial cap-

tals. Counties with lower regional economic index are mainly located

n the Tibetan Plateau, Loess Plateau, Yunnan-Guizhou Plateau, and

ortheast China. 

The average rural development index is 10.708 (SD = 6.997;

V = 0.653). Its spatial pattern is similar to that of the regional eco-

omic index. Counties with higher rural development index are mainly

ocated in the eastern coastal regions, and counties with lower regional

conomic index are mainly located on the Loess Plateau and Yunnan-
ur dimensions of URI. 
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Fig. 5. Outcome of SEM. 

i  

l

3

 

t  

h  

i  

c  

e  

p  

m  

−  

U  

t  

i  

U  

o  

w  

l

 

c  

t  
The average urban-rural linkage index is 15.317 (SD = 6;

V = 0.392). Counties with higher urban-rural linkage index are mainly

ocated in the plains, and counties with lower urban-rural linkage index

re mainly located in the Tibetan Plateau, Inner Mongolia Plateau, and

orthwest China. 

The average income gap index is 14.665 (SD = 7.063; CV = 0.482).

ounties with higher income gap index, i.e., smaller urban-rural income

ap, are mainly located in east, northeast, and northwest China. Coun-

ies with lower income gap index are mainly located in the Tibetan

lateau and Loess Plateau. 

The four dimensions, as well as the URI index, are significantly cor-

elated with each other. The highest correlation coefficient is found

etween the rural development index and the rural-urban integration

ndex, at 0.92 ( p < 0.001, Fig. 3 e), indicating a strong correlation be-

ween rural development and URI. The main obstacles to achieving URI

re rural backwardness; hence there is much room for enhancing rural

rosperity and well-being. 

.3. Correlation with typical covariates 

The bivariate plots are employed to reveal the correlations be-

ween the URI index and other covariates that are highly related to

RI based on previous studies ( Cattaneo et al., 2022 ; Wan et al.,

022a ). Fig. 4 provides clear evidence that the URI index is significantly

igher in counties (i) with smaller RDLS, i.e., flatter topography (coeffi-

ient = − 0.53, p < 0.001); (ii) with less travel time to the province capital

coefficient = − 0.4, p < 0.001); (iii) with higher financial inclusion

coefficient = 0.72, p < 0.001); ( ⅳ ) with more medical services (co-

fficient = 0.56, p < 0.001); ( ⅴ ) with more educational services (coeffi-

ient = 0.58, p < 0.001). Among these covariates, the strongest correla-

ion coefficient is found between the URI index and financial inclusion,

ndicating that more inclusive financial services may benefit both urban

nd rural areas to improve the level of URI. 

Meanwhile, in counties with larger RDLS, it often takes longer time

o get to the provincial capital (coefficient = 0.49, p < 0.001), and public

ervices such as finance, health care, and education lag further behind

coefficient = − 0.38, − 0.41, − 0.5, respectively, p < 0.001). These find-
Fig. 4. Bivariate plots of typical covariates. 
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ngs indicate that counties with greater topographic relief tend to have

ower accessibility to infrastructure and public services. 

.4. Impact of RDLS on URI 

To calculate the direct and indirect effects of RDLS on URI, a struc-

ural equation model is established. In the model for URI ( Fig. 5 ), RDLS

as a significant direct effect of − 0.18 on URI ( p < 0.001). Meanwhile,

t does exhibit a significant negative indirect effect on URI (coeffi-

ient = − 0.17, p < 0.001). This relationship is mediated by the positive

ffects of RDLS on travel time to the province capital (coefficient = 0.49,

 < 0.001) and by the negative effects of RDLS on financial inclusion,

edical services, and educational services (coefficient = − 0.38, − 0.41,

 0.5, respectively, p < 0.001). In sum, the total impact of the RDLS on

RI is − 0.35 ( p < 0.001) which implies that when RDLS increases by 1,

he URI level decreases by 0.35. Where the topography is more undulat-

ng, the process of URI may face greater obstacles. Topography affects

RI not only directly but also indirectly by influencing the distribution

f infrastructure. The indirect effects of RDLS on URI are comparable

ith its direct effects, implying that overlooking indirect effects would

ead to an underestimate of nearly 50% of its effect. 

To verify the robustness of the SEM results, the importance of each

ovariate is further measured using RF ( Breiman, 2001 ). Fig. 6 shows

hat RDLS has high importance in both mean decrease accuracy (%In-

MSE) and mean decrease Gini (IncNodePurity), second only to the role

f financial inclusion. This result further validates the findings obtained

rom SEM that RDLS is highly important to URI. 

RDLS has a negative effect on URI, but it is difficult to be altered in

 county. To explore how to mitigate the constraints of topography on

RI, we chose Jiulong County in Sichuan Province and Sunan County

n Gansu Province for brief case studies. These two counties have a high

DLS of 6.042 and 4.262, respectively, among the top 5% of counties in

he country in terms of RDLS. And their urban-rural integration indices

re 51.770 and 67.978, respectively, higher than the national average

f 49.596. 

Jiulong County is located in the western part of Sichuan Province, in

he transition zone between the Panxi Plain and the Tibet Plateau, with a

omplex topography and a wide range of heights. The harsh topograph-
Fig. 6. Influencing factors ranked by variable importance. 
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Fig. 7. Spatial pattern of lagging regions in URI. 
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cal conditions make its travel time to the provincial capital more than

.5 times than the national average, and access to educational and medi-

al services far below the national average. Fortunately, Jiulong County

s 280 km from the airport, and it is the closest county to the airport

n its prefecture, which provides good access to the development of e-

ommerce and logistic transportation. Jiulong County has a high level

f digitalization in the rural economy, at 58.930, which is higher than

he national average of 55.315. E-commerce and transportation plat-

orms make it possible for local farmers to sell their products to broader

arkets than ever, which helps boost the rural economy and narrow

he urban-rural gap. In 2018, Jiulong County was named as a “com-

rehensive demonstration county for e-commerce in rural areas ”. The

er capita disposable income of farmers in Jiulong County in 2020 is

0% higher than the national average, and the urban-rural income gap

s 30% lower than the national average. Rural digitalization combined

ith easy access to air transport has helped improve urban-rural inte-

ration in Jiulong County against the harsh topographical conditions. 

Sunan County is located in southern Gansu, the central part of the

exi Corridor and the northern foot of the Qilian Mountains. The unique

atural conditions provide the basis for its speciality industries, and the

reeding of Gansu alpine fine-hair sheep in Sunan County is a national

eographical indication product. Additionally, inclusive rural financ-

ng provides better conditions for the development of speciality indus-

ries. The financial inclusion index of Sunan County is 114.427, which is

igher than the national average of 110.037. Higher financial inclusion

rovides local farmers with more choices to adopt advanced technolo-

ies, better cash flow and risk management, thus improving productiv-

ty. The per capita GDP of Sunan County in 2020 is twice the national

verage, and the disposable income of rural residents is 1.24 times the

ational average. The development of speciality industries combined

ith the assistance of inclusive finance promotes the development of

rban-rural integration in Sunan County. 

To conclude, these two counties have improved URI upon their own

nique geographic advantages and natural resources by fusing them
410 
ith modern production and development, such as digitalization and

nancial inclusion. As a result, the limitations of geography have been

omewhat mitigated, and a higher degree of urban-rural integration has

een achieved. 

.5. Identification of lagging regions 

We identified 742 lagging counties upon the five criteria we estab-

ished earlier in this paper ( Fig. 7 ). With the systematic clustering of

he URI index and each dimension index for 742 counties, these coun-

ies are categorized into eight types, and the basic characteristics of the

ight types of lagging regions are shown in Table 3 . A brief introduction

f these lagging regions is as follows: 

(1) Economic lagging type has a rather low level of regional eco-

nomic index. This type includes 164 counties that are mainly dis-

tributed in northeast China, Guangdong, and Guangxi Province.

The population living in this type of county is 82.3 million, which

is the most among all the types of lagging regions. These regions

feature relatively flat terrain, with an average RDLS of 0.706.

While they enjoy good infrastructure and public service con-

ditions, their low proportion of the secondary industry, at just

24.6%, may hinder their ability to stimulate regional economic

development. 

(2) Rural lagging type has a low level of rural development index.

This type includes 89 counties that are mainly distributed in the

geological transition zone of Chinese second and third ladders,

i.e., north Hebei, southeast Shaanxi, and west Hubei. Counties

of this type generally have long travel times to the provincial

capitals and limited public service to benefit rural development. 

(3) Linkage lagging type has a low level of urban-rural linkage index.

This type includes 94 counties that are mainly distributed near

the northern national borderline and in the geological transition

zone of Chinese first and second ladders. The major constraints
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Table 3 

Basic characteristics of lagging regions. 

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

Population (million people) 82.30 25.97 11.52 24.04 31.53 9.40 32.73 6.68 

Proportion of secondary industry (%) 24.6 31.2 27.2 36.3 26.3 18.4 26.2 26.9 

Urbanization rate (%) 41.2 44.1 47.6 48.6 40.5 33.7 39.3 34.6 

RDLS 0.706 1.161 2.631 1.367 1.268 2.866 1.711 3.695 

Location (minutes) 102.1 126.9 265.2 87.4 127.3 290.2 109.0 303.5 

Financial 107.4 109.2 106.7 109.4 105.2 100.4 104.7 101.1 

Medical 314.1 251.0 43.4 298.1 233.3 55.3 219.4 79.8 

School 570.1 424.7 58.6 503.7 372.4 75.2 337.9 107.0 

Fiscal independence (%) 15.4 14.6 15.5 21.0 11.9 9.4 11.8 7.5 

Note : The first rows (1)-(8) represent Economic lagging type, Rural lagging type, Linkage lagging type, Large gaps type, Economic & 

rural lagging type, Economic & linkage lagging type, Rural lagging & large gap type, and Multidimensional lagging type, respectively. 
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i  
on development in these regions are the undulating topography

and remote location. 

(4) Large gaps type has a low level of income gap index. This type

includes 86 counties that are mainly distributed in Yunnan,

Guizhou, Shannxi, and Shanxi Province. In these regions, the

urbanization rate and the proportion of secondary industry are

high, but the urban-centric development strategy has not been

changed, resulting in a large urban-rural gap. 

(5) Economic & rural lagging type has both low levels of regional

economic index and rural development index. This type includes

89 counties that are mainly distributed in west Hunan, north

Jiangxi Province and near the border between Ningxia and Gansu

Province. In these regions, urbanization is lagging and fiscal rev-

enue is far below fiscal expenditure, and the public expenditure

may not meet local needs well. 

(6) Economic & linkage lagging type has both low levels of regional

economic index and urban-rural linkage index. This type includes

54 counties that are mainly distributed at the border of Sichuan

and Gansu provinces and in the southern Xinjiang region. The

average RDLS of these regions is 2.866, indicating significant

topographical variations. Furthermore, they experience low ac-

cessibility to infrastructure and public services, which hinders

urban-rural connectivity. Additionally, the average proportion of

secondary industry is only 18.4%, highlighting an imbalanced in-

dustrial structure. 

(7) Rural lagging & large gap type has both low levels of rural de-

velopment index and income gap index. This type includes 121

counties that are mainly distributed in Guizhou, south Gansu

Province. These regions have a relatively low proportion of sec-

ondary industry at 26.2% and a relatively lagging urbanization

rate at 39.3%. Moreover, they also demonstrate a significant de-

pendence on financial support from the higher-level government.

(8) Multidimensional lagging type refers to regions where, out of the

four dimensions of URI, three or more dimensions have lower

development levels, and the URI index is also low. This type in-

cludes 45 counties that are mainly distributed on the Tibetan

Plateau, South Xinjiang regions and Yunnan-Guizhou Plateau.

These regions exhibit an average RDLS of 3.695, characterized

by challenging transportation conditions and limited access to

public services such as healthcare, education, and financial ser-

vices. The urbanization rate is relatively low at 34.6%, and the

fiscal self-sufficiency is also low. Consequently, these regions rely

heavily on higher-level government finances to meet their needs.

. Discussion 

.1. Understanding the role of geography in shaping URI 

Our results show that URI is lagging in the mountainous area in West

hina. The overall spatial pattern at the county level found in our study

s basically consistent with the previous empirical studies at the province
411 
evel ( Yang et al., 2021 ), corroborating the reliability of our results.

evertheless, physical geography conditions vary considerably within

rovinces, making it difficult to reflect the impact of topography on URI.

ased upon empirical analysis at the county level, this research finds

hat the relief degree of land surface not only has a direct negative effect

n the level of URI but also has an indirect negative effect by influencing

he distribution of infrastructure. Our results highlight that geography

lays an important role in URI, which is consistent with earlier findings

hat regional inequalities caused by physical geographical factors are

rowing ( Xu et al., 2020 ). Meanwhile, our findings extend the existing

iterature on the perception of geography and sustainable development

 Fu, 2020 ). 

Geography is essential in determining URI as it is closely related to

on-removable resources as well as to market access, infrastructure, and

ublic services. The quantitative findings of this study indicate that the

irect impact of topography on URI and the indirect impact mediated

hrough infrastructure and public service provision are roughly equal.

his finding suggests that infrastructure development and public ser-

ice provision exacerbate the negative impact of topography on URI,

oubling its effect. This interesting insight provides robust empirical

vidence for previous research, affirming the viewpoint that the immo-

ility and persistence of infrastructure lock and even exacerbate inher-

nt regional inequalities. It is worth noting that geography is not the

nly thing that matters for URI ( Nunn, 2020 ) given ample evidence has

hown that social-economic factors are also important ( Cattaneo et al.,

022 ; Chen et al., 2020 ). The insight that geography continues to matter

n the integrated and sustainable development of urban and rural areas

s potentially useful for improving the design, implementation, and ef-

ectiveness of policies. 

To investigate the spatial disparities in URI challenges across differ-

nt regions, we identified the lagging regions. As a result, a total of 742

ounties were classified into eight categories. These counties are pre-

ominantly located in the mountainous regions of western China and at

he geological transition zone, where significant topographical changes

ccur. This further substantiates the detrimental impact of topography

n URI. We summarized the development status and challenges faced

y these distinct lagging regions, focusing on aspects such as popula-

ion, industrial development, urbanization level, infrastructure and pub-

ic services, and local finances. We also classified the lagging regions

ased on diverse county-level URI and challenges. These findings pro-

ide crucial insights for policymakers and researchers, serving as valu-

ble references. Meanwhile, we acknowledge that similar issues might

rise from different underlying causes due to the substantial variations

cross counties. Therefore, targeted policies and measures should take

he specific conditions of each region into account in order to facilitate

he development of these areas. 

.2. Policy implications for URI 

The results of this research have three policy implications. First, pol-

cymakers are strongly suggested to take geographical factors into con-
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ideration. This study reveals that the RDLS not only directly impacts

he URI but also indirectly affects it through its influence on infras-

ructure distribution. Therefore, it is necessary to incorporate the dif-

erences in topographical variations when formulating policies aimed

t promoting URI. For example, the 11 national URI pilot areas in

hina do not cover the mountainous areas where the lagging regions

dentified in this study are concentrated. This omission may dimin-

sh the replicability and scalability of the pilot area experience. There-

ore, it is recommended that the impact of geographical factors in the

stablishment of the second batch of pilot areas shall be given due

onsideration. 

Second, policymakers are recommended to optimize the distribution

f infrastructure and carefully consider trade-offs among different sus-

ainable development goals. Areas with undesirable geographical con-

itions tend to be less populated, so these areas may be neglected for

nfrastructure investment due to cost-effective considerations. However,

he durable and immobile nature of infrastructure may lock in regional

nequalities. Our results show that infrastructure development and pub-

ic service provision double the negative impact of topography on URI.

iven the current unprecedented levels of global investment in infras-

ructure, it is crucial for China and other countries to carefully consider

he trade-offs among different goals to promote sustainable development

nd avoid further exacerbating disparities. 

Third, achieving a high level of URI shall leverage modern techni-

al and institutional conditions and local advantages. The successes of

wo case studies in this paper show the possibility of mitigating the con-

traints of the unfavorable physical geography condition on URI, which

equires two necessary elements. On the one hand, it is necessary to

ully explore and leverage each region’s local characteristics and advan-

ageous resources. On the other hand, it is important to empower the lo-

al characteristics with the help of modern technology and institutional

eans, such as the fueling of local industries through digitalization and

he development of inclusive finance. The insights gained from our study

ould inform policy makers not only in China but also in other countries

hat face similar challenges about potential interventions in achieving

RI. 

.3. Contributions and limitations 

This research contributes to the existing literature mainly in two

ays. First, we collect multi-source granular data to reveal the spatial

attern of URI in China at the county level rather than at the provin-

ial level, which conveys a deeper understanding of how geography

romotes or hinders URI through powerful large-scale data. To better

eflect the urban-rural gap at the county level, we gather unique data

n the disposable income of urban and rural residents from a sizable

umber of county-level statistical bulletins and official reports. Second,

e highlight the important role of geography in URI through the per-

pective of direct and indirect effects, quantifying the mediating role of

nfrastructure and public services. And we also reveal that the combi-

ation of localized advantages and modern technical conditions could

itigate the negative impact of topography. These findings could pro-

ide new insights for both research and policy implications for China

nd other countries. 

Although this study makes contributions to the literature, it has cer-

ain limitations. We acknowledge that it is insufficient to use the urban-

ural income gap to reflect the development gap between urban and

ural areas since other aspects, such as consumption, basic public ser-

ices, and well-being may be neglected. However, this is a common

imitation when studying at the county level due to the constraints of

he current statistical system. Although the urban-rural gap is multi-

imensional, the income ratio of urban and rural residents can be an

mportant and representative indicator. Even this imperfect proxy can

id in shedding light on the rural-urban gap nationwide. Future research

hould explore more aspects of urban-rural gap to gain more abundant

nsights. 
412 
. Conclusions 

This research establishes a URI framework and evaluates China’s

ounty-level URI across dimensions of regional economy, rural develop-

ent, urban-rural linkage, and urban-rural income gap. Apart from pre-

ious studies, this study incorporates indicators reflecting urban-rural

nterdependence and mutual interactions. Moreover, multi-source data

nveils the spatial pattern of URI in China at the county level rather

han provincial level as in earlier studies. The results show a lower URI

ndex in west China’s mountainous regions, physically overlapping with

egions with a high relief degree of land surface. Structural equation

odeling reveals topography’s direct and indirect effects on URI, the

atter through infrastructure and public service influence. Additionally,

ase studies propose leveraging local advantages, digital technologies,

nd inclusive rural financing to mitigate the negative effects of topogra-

hy on URI. Finally, we identified 742 lagging counties, illustrating the

egional imbalance and URI challenges in specific regions. Overall, this

tudy deepens our understanding of URI dynamics by uncovering that

opography impacts URI through infrastructure. This insight contributes

o a more profound grasp of the intricate interplay between geography

nd sustainable development. 
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