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Abstract 

Under the urban-rural integration strategy, county centers are assigned the pivotal role of bridging higher-level administrative 

units and lower-level towns and villages. However, rural residents' higher-order center travel increasingly bypasses county 

centers and goes directly to city centers, a hierarchical leap that contradicts the distance decay principle of central place theory. 

Drawing on mobile phone signaling data from Ningbo and semi-structured interviews with 30 rural residents, this study adopts 

a mixed-methods approach to reveal the spatial decay pattern of rural residents' county-level trips and the underlying mechanisms 

on micro-level in China. Quantitative analysis reveals that the daily number of county-level trips decays in a core–periphery 

concentric pattern. Findings show that in remote townships, more than 30 km from the county center, county-level trips fall 

below 15 per day, while city-level trips remain a stable substitute at 10 to 30 per day in these outlying areas. Qualitative analysis 

explains that the reasons rural residents bypass the county center include social ties, the mismatches between perceived and 

objective accessibility, the hierarchical differentiation of travel demands, and individual capability constraints. By triangulating 

quantitative and qualitative evidence, this study extends the understanding of administrative hierarchies and service access in 

central place theory under the context of Chinese urban-rural integration. 
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1. Introduction 

Urban-rural integration serves as a core strategic pathway 

for dismantling the urban-rural dual structure and advancing 

rural revitalization in China. Within the Chinese “city–

county–town–village” administrative and spatial hierarchy, 

county centers are assigned the pivotal bridging function link-

ing the urban and the rural. The Chinese central government 

explicitly proposed “urbanization with county towns as im-

portant carriers.” County centers are accordingly expected to 

function not only as the core carriers of county urbanization 

but also as the primary parts through which rural residents' ac-

cess high-order public services such as education, healthcare, 

and commerce. However, a national surveys in recent years 

have uncovered a contradictory travel phenomenon: when ac-

cessing high-order services, township residents increasingly 

bypass county centers and travel directly to city centers. Zhao 

et al found that small-town residents' shopping trips exhibit a 
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structure characterized by frequent travel to town and city cen-

ters but infrequent visits to county centers [1]. This phenome-

non indicates a diminishing role of county centers. 

Existing research on rural residents' travel behavior has ac-

cumulated rich findings. At the macro level, mobile phone sig-

naling data are widely used to analyze the spatial differentia-

tion of trip OD (Origin–Destination) flows, trip frequencies, 

and travel distances, revealing an uneven distribution pattern 

across town, county, and city levels [2-4]. At the micro level, 

in-depth interviews and questionnaire surveys have uncovered 

the influence of the built environment, psychological percep-

tions, and other factors on travel decision-making [5, 6]. How-

ever, signaling data-based studies cannot explain why rural 

residents prefer more distant city centers over closer county 

centers. Interview-based studies identify the role of micro fac-

tors such as perceived accessibility but fail to confirm their 

spatial prevalence. Thus, a systematic framework integrating 

macro-level spatial pattern analysis and micro-level behav-

ioral mechanism analysis is necessary. Furthermore, existing 

studies largely focused on the objective built environment or 

individual socioeconomic attributes. Consequently, there is a 

lack of systematic understanding regarding how rural resi-

dents bypass county centers. Specifically, little is known about 

how this behavior is jointly driven by social ties, mismatches 

between perceived and actual accessibility, hierarchical needs, 

and individual capability constraints. 

To fill these gaps, this study takes Ningbo, Zhejiang Prov-

ince, as a case and adopts a mixed-methods approach that 

combines mobile phone signaling big data with semi-struc-

tured interviews to investigate the weakening of county cen-

ters in rural residents' high-order center travel. Specifically, 

we aim to answer three questions: (1) What spatial pattern 

characterizes rural residents' travel to town, county, and city 

centers? (2) What are the decision-making mechanisms be-

hind rural residents' bypassing of county centers in favor of 

city centers? (3) How do quantitative and qualitative evidence 

corroborate each other to reveal the mechanism of a diminish-

ing role of county centers? The theoretical contribution of this 

paper lies in integrating macro-level spatial patterns with mi-

cro-level behavioral mechanisms. By contextually extending 

the distance decay principle of central place theory, we iden-

tify service quality gaps, social network orientation, and per-

ceived accessibility as key variables. Methodologically, the 

triangulated framework provides a transferrable model for 

empirically diagnosing hierarchical service gaps in rural re-

gions. From a regional planning perspective, the revealed trip 

patterns and bypassing behaviors carry critical implications 

for redefining county centers' functional roles and recalibrat-

ing the spatial equity of infrastructure investments in remote 

areas. 

The paper is organized as follows. Section 2 reviews the 

literature. Section 3 describes the research design and methods. 

Section 4 presents the empirical findings. Section 5 offers an 

integrated discussion, triangulating the quantitative and qual-

itative evidence. Section 6 concludes with the main findings, 

policy recommendations, and limitations. 

2. Literature Review 

The study of rural residents' high-order center travel behav-

ior is an important topic in the fields of urban-rural planning 

and transport geography. Existing research has accumulated 

rich findings at both the macro level of travel patterns and the 

micro level of behavioral mechanisms, yet the micro-level ex-

planation for the specific phenomenon of county center weak-

ening remains to be deepened. 

At the macro level of travel patterns, mobile phone signal-

ing data and other big-data methods provide strong support for 

revealing rural residents' travel characteristics to centers of 

different tiers. Drawing on mobile phone signaling data, Zhao 

and Xu analyzed the network connections of village and town 

settlements and found that town centers play a core role in ru-

ral residents' daily travel [3]. Huang et al. further found that 

rural residents in Guizhou and Shaanxi visit town centers 

more frequently than county and city centers, a trend con-

sistent across different types of counties [7]. Approximately 

67% of respondents visit the town center at least once a week. 

Most respondents visit county centers and city centers on a 

monthly or seasonal basis, accounting for 34% and 46% of 

respondents, respectively. Based on a nationwide study of 

small towns, Zhao et al found that small-town residents' shop-

ping trips increasingly connect to the county and city levels, 

exhibiting a leapfrog concentric structure described as “strong 

at both ends and weak in the middle,” where the proportions 

of trips within the town and city realms are high, representing 

a new trend that departs from the distance decay principle of 

central place theory [1]. These studies consistently indicate 

that county centers hold a lower actual status in township res-

idents' travel structure than their administrative hierarchy 

would suggest, a phenomenon this paper terms the diminish-

ing role of county centers [8-10]. However, existing macro-

level research largely remains at the level of pattern descrip-

tion and lacks an in-depth mechanistic explanation of why 

county centers are marginalized. 

At the micro level of behavioral mechanisms, scholars have 

explored the determinants of travel decision-making from the 

dimensions of individual socioeconomic attributes, the built 

environment, and psychological perceptions. Regarding indi-

vidual attributes, gender, age, income, and car ownership have 

been shown to significantly influence travel frequency and 

destination choice [11-13]. As for the built environment, road 

conditions, public transit services, and the service capability 

of destinations jointly shape objective accessibility [5, 14]. 

Objective conditions, however, do not determine travel behav-

ior directly but operate through individuals' subjective percep-

tions [15]. Morris et al classically argued that perceived acces-

sibility constitutes the direct basis for travel decisions [16]. 

Negm et al further confirmed a positive association between 

perceived accessibility and travel frequency [17]. In rural set-

tings, infrequent bus services and complex transfers to the 

http://www.sciencepg.com/journal/urp


Urban and Regional Planning http://www.sciencepg.com/journal/urp 

 

154 

county centers significantly dampen rural residents' travel 

willingness [5]. The concept of “Ease of Travel” advanced by 

De Vos et al integrates four dimensions (motivation, skills, 

external options, and travel quality), offering a comprehensive 

lens for understanding travel decisions [18]; yet this frame-

work is primarily grounded in Western urban contexts and has 

rarely been examined in China's rural settings. 

Furthermore, the role of social network ties in rural resi-

dents' travel has yet to receive sufficient attention. Against the 

backdrop of China's family-centered culture and relational so-

ciety, intergenerational support and interpersonal interactions 

may profoundly shape travel decisions. International studies 

have recognized the influence of social networks on travel be-

havior, for example, intergenerational support can compensate 

for the mobility constraints of older adults [19], but such re-

search largely focuses on specific vulnerable groups and lacks 

a systematic analysis of the social embeddedness mechanisms 

in the travel decisions of the general rural population. Domes-

tic research, by contrast, has concentrated more on spatial–ge-

ographic factors and macro-policy contexts [20-23], with rel-

atively limited engagement with sociocultural factors. Liu et 

al revealed the socially embedded characteristics of intra-vil-

lage travel through participant observation [6], yet their study 

did not extend to the context of high-order center travel. How 

social network ties shape rural residents' choices between 

county-level and city centers thus remains an open question. 

Existing research is marked by a clear methodological di-

vide. Macro-level pattern studies, which largely depend on 

quantitative data such as mobile phone signaling, are adept at 

revealing general connections and features but fall short in ex-

plaining the underlying causes; micro-level mechanism stud-

ies, which often use qualitative methods such as in-depth in-

terviews, are skilled at explaining internal logic but struggle 

to confirm the spatial generalizability of their findings. These 

two strands have proceeded independently, lacking an analyt-

ical framework that integrates macro-level patterns with mi-

cro-level mechanisms. In recent years, mixed methods have 

gained increasing attention in travel research. For instance, 

Tao and Næss combined gradient boosting decision trees with 

qualitative interviews to uncover the nonlinear effects of the 

built environment on travel behavior and their causal mecha-

nisms; Reimers et al employed a mixed-methods approach in-

tegrating questionnaire surveys and semi-structured inter-

views to examine the influence of the home environment on 

adolescents' active travel [24, 25]. These studies offer meth-

odological reference for this paper, demonstrating that mixed 

methods can effectively bridge the gaps between the macro 

and the micro, and between the quantitative and the qualitative. 

3. Research Design and Methods 

3.1. Study Area 

The study area is Ningbo, Zhejiang Province, located on the 

southern wing of the Yangtze River Delta. It comprises six 

districts, two counties, and two county-level cities, spanning 

an extensive area with a typical spatial urban-rural structure. 

As the primary economic center of the southern Yangtze River 

Delta, Ningbo features a high level of urban-rural integration, 

well-developed transport infrastructure, and comprehensive 

mobile phone signaling data, offering ideal data conditions for 

studying rural residents' high-order center travel. Furthermore, 

six administrative villages were selected as case sites among 

representative towns, as shown in Figure 1. 

 
Figure 1. Geographical locations of sampled villages and their 

higher-order centers. 

3.2. Data Sources 

The quantitative data were drawn from 31 consecutive days 

of mobile phone signaling data in Ningbo in March 2024. The 

raw data were processed by a DaaS (Data as a Service) plat-

form into grid-level aggregated OD (origin–destination) data 

(grid size approximately 400m × 450m), yielding a total of 

22.19 million OD records. In accordance with the National 

Bureau of Statistics' rules for compiling statistical division 

codes and urban-rural division codes, we selected trips with 

origins in “villages” and destinations in “town centers,” 

“county centers,” or “city centers,” obtaining approximately 

346,000 valid OD records after cleaning. To highlight macro-

level mobility patterns, spatial units were aggregated: multiple 

center polygon features of the same level within a township 

were merged, and their geometric centroid was taken as the 

representative center point; all village units within a township 

were merged, and their geometric centroid was computed as 
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the trip origin. 

Qualitative data were collected through two rounds of semi-

structured interviews, conducted in October 2024 and Febru-

ary 2025. Purposive sampling with quota control was applied, 

considering age, income, occupation, and geographic location. 

In-depth interviews were held with 30 permanent village res-

idents, each lasting 30 to 40 minutes. The interviews compre-

hensively covered travel purposes, reasons for destination 

choice, evaluations of county- and city-level services, social 

support, and travel difficulties. The demographic and socioec-

onomic profiles of the respondents are summarized in Table 1. 

Table 1. Respondent Basic Information. 

Attribute dimension Category Number of people Proportion 

Gender 
Male/ 13/ 43.3%/ 

Female 17 56.7% 

Age 

Young (25-40)/ 6/ 20%/ 

Middle-aged (41-60)/ 12/ 40%/ 

Elderly (>60) 12 40% 

Education 

Primary school/ 18/ 60%/ 

Middle school/ 9/ 30%/ 

Senior high school/ 1/ 3.3% 

Bachelor 2 6.7% 

Income (RMB) 

<3000RMB/ 8/ 26.7%/ 

3000-9000RMB/ 17/ 56.7%/ 

>9000RMB 5 16.7% 

Location 

Remote suburban villages/ 14/ 46.7%/ 

Peri-urban villages 16 53.3% 

 

3.3. Data Analysis Methods 

Quantitative analysis is conducted through spatial visuali-

zation using mobile phone signaling data. At the township 

scale, we calculated the daily average number of trips (the av-

erage daily trips from all villages within a township to centers 

of the corresponding level) and the average travel distance 

(weighted average straight-line distance) for town-level, 

county-level, and city-level travel respectively. Spatial visual-

ization was performed using ArcGIS, combined with descrip-

tive statistics to analyze the spatial differentiation characteris-

tics of the three-level travel. 

For qualitative analysis, thematic analysis is employed 

based on information obtained from interviews. Interview re-

cordings were transcribed verbatim and analyzed using the-

matic analysis in NVivo Plus 12.0 through a three-level cod-

ing process. In the open coding phase, initial concepts were 

extracted line by line, such as “my son drove me to the city”, 

“transfers to the county centers are a hassle”, “relatives are all 

in the city”, and “can get there directly by public transport”. 

In the axial coding phase, related codes were grouped into core 

categories, including “intergenerational support”, “perceived 

accessibility”, and “Health condition”. In the selective coding 

phase, core categories were integrated to identify the core four 

themes: social ties, mismatches between perceived and objec-

tive accessibility, hierarchical differentiation of travel needs, 

and individual capability constraints. Coding continued until 

thematic saturation was reached after the 24th interview. The 

resulting coding structure is summarized in Table 2. 

Table 2. Coding table of mechanisms underlying rural residents' bypassing of the county center. 

Main themes Sub-themes Encoding example (Initial codes) 

Social ties Intergenerational support “My son works at the hospital. When I'm feeling very unwell, he comes 
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Main themes Sub-themes Encoding example (Initial codes) 

to pick me up and take me to the hospital.” (Driving unwell mother to the 

city hospital) 

Interpersonal interaction 
“I take the bus to the city center every year during Chinese New Year to 

visit relatives.” (Visiting relatives during holidays) 

Mismatches between per-

ceived and objective accessi-

bility 

Objective accessibility 

“Public transportation in the city goes directly to hospitals and business 

districts, and the transfer is very fast and convenient.” (Easy to transfer 

between public transport in the city) 

Perceived accessibility 

“There is not much difference between going to the county and going to 

the city.” (The perception of travel time in county and urban areas is sim-

ilar) 

Hierarchical differentiation of 

travel needs 

Travel to town centers 
“There are more goods in Tangxi Town, but few options in the village.” 

(Purchasing daily necessities) 

Travel to county centers 
“I needed to go to the county center to get my driver's license.” (Getting 

driver's license in county area) 

Travel to city centers 
“I usually take my family there for medical treatment.” (Traveling to ur-

ban area for healthcare purposes) 

Individual capability con-

straints 

Health condition 
“I'm old and I can't see clearly. I can't go too far.” (The elderly often go 

to town centers because of lack of physical strength) 

Car ownership 

“I drive to the city centers for more than an hour, and less than an hour to 

the county center, but there are many kinds of things that can be bought 

in the city centers.” (Car groups tend to go to the city centers when they 

get higher service quality). 

 

3.4. Triangulation Design 

This study adopts a triangulation design, combining quan-

titative and qualitative evidence to enhance the reliability and 

interpretive depth of the findings. Quantitative data capture 

the breadth and regularity of spatial patterns, while qualitative 

data explains the internal logic of decision-making mecha-

nisms; the two are methodologically complementary mecha-

nisms. 

The integration of the two data types follows Greene et al 

dual framework of “complementarity” and “mutual confirma-

tion” [26]. Regarding complementarity, the spatial patterns re-

vealed by quantitative analysis provide structured, question-

oriented direction for qualitative thematic coding; the micro-

level mechanisms distilled from qualitative analysis, in turn, 

offer causal explanations for the distributional features identi-

fied quantitatively. Regarding mutual confirmation, key quan-

titative findings and core qualitative themes are compared 

point by point to assess the degree of convergence between 

the two types of evidence. 

Integration is implemented in three steps. First, based on 

quantitative results, we focus on townships exhibiting the 

most pronounced county-level trip decay, ensuring that the 

qualitative cases represent the key types of greatest explana-

tory value within the quantitative patterns. Second, spatial dif-

ferentiation patterns revealed by quantitative analysis are in-

corporated into the coding framework as a priori themes in 

NVivo coding, while inductive themes emerging naturally 

from the interview corpus are retained. Finally, a joint display 

approach is used to juxtapose quantitative findings and quali-

tative explanations, systematically presenting the conver-

gence and complementarity of the two types of evidence, and 

on this basis, distilling inferences that transcend the insights 

from either evidence source alone. 

4. Results 

4.1. Quantitative Results: Spatial Patterns 

The OD flow analysis based on mobile phone signaling data 

reveals a markedly uneven spatial distribution of rural resi-

dents' travel intensity to town-level, county-level, and city 

centers in Ningbo. In terms of total trip volume, city-level 

travel dominates (13.16 million trips), followed by town-level 

travel (9.49 million trips), while county-level travel ranks low-

est (5.21 million trips), approximately 2.5 times less than city-

level travel. A cross-tier comparison of these three hierar-

chical levels in terms of total volume, distance decay gradients, 

and substitution effects reveals a pronounced functional weak-

ening of county centers. 

Town-level travel is characterized by a polycentric, high-
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density, and networked spatial structure (Figure 2). Self-con-

tained travel clusters have formed around the central urban 

area in the middle of the municipality, around Cixi and Yuyao 

in the north, and around Ninghai and Xiangshan in the south. 

Dense radial travel networks connect town centers with sur-

rounding villages, and cross-township OD flows account for 

52.86% of all town-level trips, indicating that town centers 

serve not only their own rural residents but also function as 

daily distribution hubs for neighboring villages. In terms of 

daily average trips, town-level travel displays a territory-wide 

high-value pattern: most townships across the municipality 

fall within the range of 500 to 5,000 trips per day, with low-

value areas scattered only along the mountainous periphery. 

The average travel distance of town-level trips clusters within 

the 5 to 18 km range, suggesting that rural residents access 

town-level services at relatively low spatial cost. 

 
Figure 2. Spatial distribution of town-level trip OD flows, daily average trips, and average travel distance. 

County-level travel exhibits a distinct core–periphery radial 

structure (Figure 3). With county centers as cores, trip flows 

radiate outward, yet the overall OD flow density is far lower 

than that of town-level travel. Cross-county OD flows account 

for as much as 73.08%, indicating that the attractiveness of 

county centers has transcended administrative boundaries. In 

terms of daily average trips, county-level travel displays con-

centric decay centered on county centers: suburban townships 

(less than 10 km from the county centers) generally exceed 

500 trips per day, with some surpassing 1,000; townships in 

the intermediate zone cluster in the 100 to 500 trips per day 

range; while remote townships at the county periphery (more 

than 30 km from the county centers) generally fall below 100 

trips per day, and in townships such as those in eastern Beilun, 

western Haishu, and southern Fenghua, trips drop even below 

15 per day. Regarding average travel distance, for villages 

within 10 km of the county centers, the distance is under 7.5 

km; in the 10 to 25 km zone, distances cluster between 7.5 and 

16 km; and for remote villages at the county periphery, dis-

tances generally exceed 30 km, with some areas surpassing 51 

km. A cliff-like attenuation occurs at approximately 30 km 

from the county centers, a distance threshold that roughly cor-

responds to the effective service radius of county centers. 

 

http://www.sciencepg.com/journal/urp


Urban and Regional Planning http://www.sciencepg.com/journal/urp 

 

158 

 
Figure 3. Spatial distribution of county-level trip OD flows, daily average trips, and average travel distance. 

City-level travel exhibits a pronounced monocentric attrac-

tion pattern (Figure 4). All OD linkages converge toward the 

central urban area in the middle of the municipality, forming 

a standard star-shaped structure. In terms of daily average trips, 

city-level travel shows a monocentric radiation with a long-

tail distribution: townships within 20 km of the city center 

generally exceed 1,000 trips per day, with some suburban 

townships surpassing 7,400; in the 20 to 40 km intermediate 

zone, trips cluster between 200 and 1,000 per day; remote 

townships at 40 to 60 km remain at 25 to 275 trips per day; 

and outlying areas beyond 60 km still maintain a steady vol-

ume of 10 to 30 trips per day. As for average travel distance, 

city-level trips increase in concentric circles with the city cen-

ter as the origin, rising gently within 30 km and accelerating 

sharply beyond that threshold. The key comparison is that in 

remote outlying areas, city-level trips (10 to 30 per day) are 

no fewer than, or even exceed, county-level trips (<15 per day), 

thereby forming a direct substitution of the city level for the 

county level. 

 
Figure 4. Spatial distribution of city-level trip OD flows, daily average trips, and average travel distance. 
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4.2. Qualitative Results: Travel Decision-

Making and Underlying Mechanisms 

To explain the behavioral decisions and influencing mech-

anisms behind the weakening of county centers functions re-

vealed by the quantitative analysis, four core themes were de-

rived from the 30 interview transcripts: (1) social ties; (2) mis-

matches between perceived and objective accessibility; (3) hi-

erarchical differentiation of travel needs; and (4) individual 

capability constraints. 

4.2.1. Social Ties 

The interviews revealed that in rural residents' high-order 

center travel, both intergenerational support within families 

and social interactions among neighbors and relatives are 

highly oriented toward city centers spatially, while county 

centers are scarcely factored into the travel considerations 

driven by these social ties. 

On the one hand, intergenerational support directly binds 

rural residents to city-level resources. Multiple elderly re-

spondents reported that when their children took them for 

medical treatment or family visits, the destinations were in-

variably city-level tertiary hospitals or the urban residential 

areas where their children had settled for work. A 67-year-old 

female villager stated, “When I'm not feeling well, my daugh-

ter takes time off or picks me up on weekends to see a doctor 

at the hospital in the city.” A 75-year-old female villager men-

tioned, “Once or twice a month I go to the city to visit my 

eldest son, see my grandson, and spend some time with him, 

or go to the hospital where my younger son works for a check-

up.” Children not only provide transportation but also ease the 

elderly's anxiety in unfamiliar settings through companion-

ship, helping them become familiar with bus routes and trans-

fer nodes. Notably, only a few respondents mentioned their 

children working or living in the county centers. This indicates 

that quality employment opportunities and medical resources 

are concentrated in city centers, causing the natural orientation 

of intergenerational support to bypass county centers. 

On the other hand, social interactions are likewise anchored 

in towns or city districts. Activities such as visiting relatives 

and friends, weddings, and funerals predominantly take place 

in nearby towns or the urban district. A 58-year-old female 

respondent said, “We have relatives living in the city. During 

Spring Festival, National Day, or for weddings and funerals, 

we drive there.” A middle-aged respondent added, “When a 

relative's child gets married, it's not appropriate to skip it; 

however far it is, you have to go. That's social obligation.” 

This sense of moral duty rooted in China's relational society 

renders long-distance trips to towns and city districts an un-

shirkable responsibility. Rural residents generally reported 

that their travel destinations were mostly in town centers or 

city centers, and they rarely, if ever, took the initiative to go 

to the county centers. Deprived of social intersections, the 

county centers were weakening. As a result, the logic of travel 

destination choice shifted from one driven by administrative 

hierarchy to one driven by social ties. 

4.2.2. Mismatches between Perceived and Objective 

Accessibility 

Quantitative data reveal that in townships physically closer 

to the county center than to the city center, rural residents' per-

ceived accessibility of county-level and city-level travel runs 

counter to objective distance. This misalignment arises from 

differences in two types of services. 

The first is the difference in accessibility of public transpor-

tation services. Long-distance buses to the city center usually 

offer easy transfer routes from the station to hospitals or busi-

ness areas, causing minimal transfer anxiety. One respondent 

noted, “Public transportation in the city goes directly to hos-

pitals and business districts, and the transfer is very fast and 

convenient.” By contrast, taking the bus to the county town 

often involves long waits and many stops at transfer hubs, 

which makes the trip take longer. Rural residents generally felt 

that although the county centers are closer in distance, having 

to change intercity buses makes the trip mentally exhausting; 

whereas the city centers, though farther, allows them to go 

straight to their destination where their children pick them up 

or where a faster metro connection is available, making it feel 

easier instead. 

The second is the difference in the marginal utility of travel 

time. Rural residents commonly evaluate travel value by “how 

many things can be accomplished per unit of time.” For a com-

parable 1.5-hour trip, going to the county centers typically al-

lows only one administrative task, such as taking a driving test 

or handling certificates, while a trip to the city center can com-

bine medical visits, shopping, and family visits. A 31-year-old 

male villager said, “It takes about an hour and forty minutes 

to get to the city. I usually take my family there for medical 

treatment. Going to the county centers also takes around an 

hour. Sometimes I go there for errands or to visit relatives.” 

This psychological trade-off of “travel cost-effectiveness” 

leads the county center to be judged as “not worth it.” 

4.2.3. Hierarchical Differentiation of Travel Needs 

Quantitative analysis shows that county-level trips consist 

primarily of low-frequency, mandatory errands (e.g., license 

processing, purchasing goods), while city-level trips cover 

both inelastic needs (medical care) and elastic needs (leisure, 

family visits). The interviews reveal the mechanisms generat-

ing this divergence. 

For inelastic needs, quality is prioritized, and distance is 

subordinated to service hierarchy. When it comes to irreplace-

able needs such as medical treatment, rural residents' foremost 

consideration is service quality. Most rural residents believe 

that serious illnesses need to be treated at city-level hospitals, 

deeming county hospital doctor's incompetent and equipment 

outdated. Even with longer distances and waiting times, they 

still tend to choose city hospitals. In such cases, distance cost 
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is substantially tolerated, and the county center is directly ex-

cluded for insufficient service quality. The service quality gap 

in critical domains such as healthcare and education further 

reinforces the rigidity of city-level trips. 

For elastic needs, experience dominates, and perceived con-

venience determines travel willingness. Non-essential travel 

such as leisure, shopping, and dining out happens only when 

rural residents subjectively assess it as “convenient, not tiring, 

and worthwhile.” The urban district, with its concentrated 

commerce, direct bus connections, and abundant activities, is 

evaluated as “far but worth a visit”; the county centers, mean-

while, are actively avoided as “nothing to shop for and a hassle 

to get to.” A 49-year-old male worker stated, “When I have 

time off with nothing to do, I go to the city with a few buddies 

to hang out, or we just go to the town park for a while.” 

4.2.4. Individual Capability Constraints 

Rural residents of different ages, incomes, and health con-

ditions, despite varied travel motives, exhibit highly conver-

gent behavior: they reduce or forgo county-level trips. This is 

micro-level evidence of the weakening of county-level central 

functions. 

Older adults skip the county centers as destinations directly 

due to physical constraints. The elderly are extremely sensi-

tive to walking distances and transfers. An 81-year-old male 

farmer stated, “I usually take the bus when leaving the village. 

E-bikes are not safe, at our age, our hearing and eyesight are 

failing.” Getting to the county centers requires multiple trans-

fers and long walks, considered physically demanding, 

whereas the direct bus to the city center allows them to “sleep 

on the bus and get off right at your destination,” a pattern 

much better suited to their physical condition. 

Car-owning households, empowered by temporal auton-

omy, also bypass the county centers directly. A private car 

grants rural residents the freedom to compare service quality. 

Several respondents noted: “It's over an hour's drive to the city, 

but it doesn't feel very far,” and “Driving to the nearby town 

takes about 20 minutes, to the county centers about 40 

minutes.” When the driving time difference between the city 

center and the county centers is within 30 minutes, they almost 

invariably choose the city. 

5. Discussion 

5.1. Triangulation: Quantitative and 

Qualitative Combination 

This section triangulates the quantitative and the qualitative 

results from Section 4 to provide an integrated discussion of 

the key patterns and underlying mechanisms. Table 3 summa-

rizes the key quantitative patterns and their corresponding 

qualitative explanations. The analysis that follows proceeds 

along three dimensions: consistency, complementarity, and 

integrative inference. 

Table 3. Joint Display of Quantitative Findings and Qualitative Explanations. 

Quantitative findings Qualitative explanations Integrative inferences 

In remote townships, the daily average 

number of county-level trips falls below 

15, and an attenuation occurs at a distance 

of 30 km from the county centers. 

“There are more stops in the county center, and the 

waiting time is long.” “It takes almost an hour to get to 

the county centers, but only an hour and a half to the 

city centers.” 

Low perceived accessibility leads 

to the voluntary bypassing of 

county centers. 

In remote townships, city-level trips re-

main at 10 to 30 per day, no lower than 

county-level trips. 

“My son drives me to the city for medical treatment.” 

“Relatives all live in the city.” “I use public transport in 

the city centers, and the transfer waiting times are short.” 

Social networks and time costs 

sustain city-level travel. 

County-level trips are low in frequency. 

“I rarely come to the county centers, but I recently vis-

ited for a driving test.” “Apart from certificate pro-

cessing, I never go to the county centers.” 

County-level functions are con-

centrated in institutional affairs 

and lack scenarios embedded in 

daily life. 

 

5.1.1. Consistency Analysis 

Quantitative and qualitative evidence exhibit a high degree 

of consistency in three respects. First, regarding the spatial de-

cay of county-level trips, the quantitative analysis reveals an 

attenuation at 30 km from the county centers, with daily trips 

in remote townships falling below 15; in qualitative interviews, 

rural residents repeatedly stated that “going to the county cen-

ters requires transfers and a long wait” and “it takes an hour 

to the county centers, while the city takes only an hour and 

forty minutes.” Both sources of evidence point to low per-

ceived accessibility as a primary driver of rural residents' 

abandonment of county centers. Second, concerning city-level 

travel in outlying areas, quantitative data show that even in 
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townships over 60 km from the city center, city-level trips re-

main at 10 to 30 per day, no lower than or even exceeding 

county-level trips; interview narratives, such as “my son 

drives me to the city for medical treatment,” “relatives are all 

in the city,” and “I use public transport in the city centers, and 

the transfer waiting times are short”, provide dual support 

from social networks and time costs for this pattern. Third, this 

consistency indicates that the spatial pattern of “strong at the 

town and city levels, weak at the county level” revealed by 

quantitative analysis is not a random distribution but closely 

aligns with rural residents' travel decision-making logic. 

5.1.2. Complementarity Analysis 

Quantitative data cannot directly reveal the role of social 

ties, yet qualitative data offer crucial explanations for this. 

Quantitative data show that city-level trips remain stable in 

remote townships but cannot explain the source of this stabil-

ity; interviews reveal that intergenerational support (children 

driving or accompanying elders for medical care) and inter-

personal interactions (visiting relatives and friends, attending 

weddings and funerals) jointly pull city-level travel. This 

complementary finding indicates that the spatial orientation of 

social networks points toward towns or the urban district ra-

ther than the county centers, thereby shifting rural residents' 

destination choice from the logic of administrative hierarchy 

to the logic of social ties. 

Similarly, quantitative data reveal low-frequency county-

level trips but cannot explain why such business cannot be 

substituted by higher- or lower-level centers; interview re-

sponses such as “I rarely come to the county centers, but I re-

cently visited for a driving test” and “apart from certificate 

processing, I never go to the county centers” suggest that 

county-level functions are concentrated in institutional affairs 

and lack scenarios embedded in daily life., and are thus chosen 

only when irreplaceable. This also constitutes the deeper rea-

son why county-level trip volume is far lower than town-level 

and city-level volumes. 

Furthermore, quantitative data show that in the hinterland 

of counties far from the city center, economically more devel-

oped townships exhibit exceptionally high town-level trip fre-

quencies, yet cannot explain why town centers can accommo-

date such high trip volumes; interview accounts such as “20 

minutes by e-bike to town is plenty” and “educational re-

sources have all been merged into the town” indicate that town 

centers, through the concentration of basic service facilities 

(schools, markets, health clinics), have developed a strong ca-

pacity to absorb rural residents' daily needs, thereby partly 

substituting for the daily service function of county centers. 

5.1.3. Triangulation Summary 

Overall, quantitative and qualitative evidence exhibit high 

consistency on key conclusions such as county-level spatial 

decay and city-level substitution for county-level travel, with 

no substantive contradictions identified. Qualitative evidence 

provides four mechanisms that quantitative data cannot di-

rectly reveal for the quantitative patterns: social ties, the mis-

match between perceived and objective accessibility, the hier-

archical differentiation of travel needs, and rational choice un-

der individual capability constraints. This consistency enables 

the study to conclude that the core mechanisms of county cen-

ter weakening are the substitution effect of perceived accessi-

bility for physical distance and the influence of social network 

on administrative hierarchy. 

5.2. Extending Central Place Theory:  

A Contextualized Discussion 

The integrative inferences above suggest that the “hierar-

chy–distance” trade-off principle of classic central place the-

ory faces structural challenges in the contemporary Chinese 

rural context [27]. The core premise of classic central place 

theory, which holds that residents access services by first 

choosing the nearest lower-order center and moving to a 

higher-order center only when the lower-order one falls short, 

implicitly rests on two key assumptions: that service quality 

across centers of different orders increases continuously along 

the administrative hierarchy, and that residents' travel deci-

sions are primarily constrained by physical distance and ad-

ministrative tier. Our empirical findings, however, call for a 

contextualized revision of this premise. 

Specifically, first, service quality does not increase contin-

uously but is marked by a fault line. The county center's ser-

vice quality in critical domains such as healthcare lags far be-

hind that of the city center; rural residents perceive that “the 

county hospital is no good, only the city hospital works.” This 

quality gap prevents the county center from serving as a satis-

factory intermediate option, shifting rural residents' travel 

choice from stepwise upward movement to leapfrog direct ac-

cess. Second, perceived accessibility exerts a substitution ef-

fect on physical distance. When bus connections are compli-

cated and transfer costs are high, the physically closer county 

center becomes subjectively “farther,” while the city center 

with direct transit becomes perceptually acceptable. Perceived 

time, rather than physical distance, emerges as the dominant 

variable in decision-making. Third, the social networks are 

misaligned with administrative hierarchy. Intergenerational 

support and interpersonal interactions are largely oriented to-

ward city-level rather than county centers, forming a social 

gravity independent of administrative hierarchy. This implies 

that travel is not merely spatial movement but also a spatial 

practice of social relations. Fourth, town centers, by concen-

trating basic service facilities, have formed a stable local life 

sphere for rural residents' daily travel, effectively assuming 

part of the daily service functions originally expected of 

county centers and further squeezing the latter's existential 

space. These findings offer a contextualized revision of cen-

tral place theory, revealing a structural misalignment between 

the institutional functions assigned by administrative hierar-

chy and residents' actual travel needs. 
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6. Conclusions 

Drawing on mobile phone signaling data from Ningbo and 

semi-structured interviews with 30 rural residents, this study 

adopts a mixed-methods approach to reveal the spatial decay 

pattern of county-level trips and the underlying mechanisms 

on micro-level in China. We reveal the macro spatial pattern 

of rural travel through quantitative analysis, then elucidate the 

underlying mechanisms of rural residents' travel decision-

making through qualitative analysis, and finally integrates 

both types of evidence in a joint discussion. 

From the quantitative perspective, town-level travel is high-

frequency, short-distance, and polycentric–networked; 

county-level travel decays in a core–periphery pattern, with an 

effective service radius of approximately 30 km and daily trips 

in remote townships falling below 15; city-level travel exhib-

its monocentric radiation while still maintaining 10 to 30 trips 

per day in outlying areas, with a total volume 2.5 times that of 

county-level travel. Although travel structures differ across 

townships in different geographic locations, the weakening of 

county center function in remote townships is a common fea-

ture. From a qualitative perspective, rural residents' decisions 

to forgo county centers and choose city centers are shaped by 

the interplay of social ties, mismatches between perceived and 

actual accessibility, hierarchical needs, and individual capa-

bility constraints. Travel decisions follow a logic of pursuing 

the highest service quality within acceptable cost. At the inte-

grative level, quantitative and qualitative evidence corrobo-

rate each other, extending a contextualized understanding of 

central place theory. Service quality gaps, the substitution ef-

fect of perceived accessibility, social network dis-embedding, 

and the strong attraction of town-level daily services consti-

tute the core mechanisms explaining why county centers are 

bypassed. 

Policy recommendations are as follows. First, county center 

functions should be adjusted toward “specialized and precise” 

services, such as specialty medical care, integrated govern-

ment service centers, and vocational education and training, to 

compete with city centers through differentiation. Second, 

transportation in remote townships needs to be optimized by 

establishing direct express corridors to the city center to re-

duce county-level transfers and deploy telemedicine and self-

service government terminals. Third, social capital could be 

used by encouraging village committees to build mutual-aid 

travel networks and optimizing public transit with a focus on 

social scenarios (e.g., increased frequency on market days, 

special holiday family-visit lines). Finally, differentiated strat-

egies need to be implemented for a variety of rural residents. 

For suburban townships, seamless urban integration is to be 

promoted. For economically developed townships in hinter-

land counties far from the city centers, their sub-center radia-

tion capacity should be strengthened. For remote townships, it 

is necessary to advance a dual-track approach that guarantees 

basic services while establishing rapid linkages to higher-or-

der centers. 

This study has several limitations. The mobile phone sig-

naling data covers only one month and thus cannot capture 

seasonal or festive fluctuations. The qualitative research is not 

a rigorous causal experiment, but rather enhances the depth of 

explanation through mechanism analysis. Its sample is con-

fined to townships in Ningbo located in southeast China. The 

generalizability of the conclusions to other township types in 

central and western regions requires further validation. The 

signaling data cannot access deeper information such as trip 

purpose and travel mode, and reliance on a limited qualitative 

sample for supplementation may result in insufficient infor-

mation coverage. Future research can conduct multi-regional 

comparisons to explore the evolution of county functions un-

der different urbanization stages and topographic conditions. 

Moreover, longitudinal data or natural experiments could be 

employed to assess the dynamic impacts of urban-rural inte-

gration policy interventions. 
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