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Abstract

[ Objectives | To explore the spatiotemporal evolution and development drivers for Taobao villages in Cao County. [ Methods ] This

paper employs GIS spatial analysis methods such as standard deviation ellipse and kernel density to characterize the spatial distribution, ag-

glomeration, and correlation features of Taobao villages in Cao County at the township scale. Additionally, geographic detectors are used to ex-

plore influencing factors. [ Results] (i) The number of Taobao villages in Cao County exhibits phased characteristics, progressing through ini-

tial, rapid expansion, and stable development stages. (ii) Taobao villages are unevenly distributed, with significant clustering features, prima-

rily concentrated in the southeastern part of the county. In recent years, they have expanded toward the central and northwestern regions, po-

tentially forming a "multi-core" spatial pattern in the future. (iii) The number of garment industries and e-commerce industrial parks consist-

ently remains the primary factor influencing the spatial distribution of Taobao villages. After 2020, the number of wood processing industries

and specialty agricultural product processing industries also exerted considerable influence. The number of logistics parks began to have an im-

pact after 2018, albeit a weak one. Other factors had minimal influence on the differentiation of Taobao villages. [ Conclusions] The spatio-

temporal evolution exhibited diffusion along the " northwest-southeast" axis, with strengthened regional clustering. Government policies and in-

dustries significantly influenced the differentiation of Taobao villages, with varying primary factors across different periods.

Key words Taobao village, Spatial-temporal distribution, Influencing factors, Cao County

0 Introduction

The Report of the 19" National Congress of the Communist
Party of China emphasized that issues concerning agriculture, ru-
ral areas, and farmers are fundamental to the national economy
and people’s livelihoods. It stressed that resolving the " three ru-
ral" issues must always remain a top priority for the entire Party,
and the strategy of rural revitalization should be implemented. In
recent years, the emergence of numerous Taobao villages has

brought positive significance to rural revitalization""’. Taobao vil-
nl2]

With the development of inclusive internet-based economies”’

lages are a typical product of the " internet + rural economy

Taobao villages, as the smallest units in rural e-commerce indus-
trial clusters, have become a result of the rapid advancement of
rural e-commerce development models and the spread of techno-
logical innovation'. The rise of Taobao villages has had a strong
demonstration and driving effect on the development of e-com-
merce in rural areas, triggering profound changes in the division of
labor between urban and rural industries and the functional trans-
formation of rural regions™’ . The "Taobao village" model, formed
during the development of China’s rural e-commerce industry, pro-
vides an effective pathway for promoting rural industrial revitaliza-
tion. Against this backdrop, studying the spatiotemporal distribu-

tion of Taobao villages and their influencing factors holds signifi-
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integrated development of urban and rural areas.

cant importance.

Both domestic and foreign research findings indicate that the
development model of Taobao villages primarily drives rural revi-
talization by stimulating regional industrial growth, creating em-
ployment opportunities, and narrowing the urban-rural income
gap. Taobao villages impact the development of rural e-commerce,
with e-commerce penetration promoting the growth of the circula-
tion industry and encouraging migrant workers to return home for

employment'®’

. This effectively redirects local agricultural labor
toward industrial sectors, compensating for previous labor outflows
at the overall employment level. Moreover, its employment effects
are positively correlated with local infrastructure development'”’
contributing to the reduction of income disparities between urban

and rural residents in China™®'.

Additionally, effective collabora-
tion and active participation among multiple stakeholders are key
to the success of Taobao villages”.

Taobao villages exhibit distinct spatiotemporal distribution
characteristics across different regions. For instance, Zhejiang
Province has witnessed rapid growth in the number of Taobao villa-
ges, with expanding coverage, showing a distribution pattern
where central, southeastern, and northwestern areas have higher
concentrations, while northeastern and southwestern areas have
lower. The clustering cores of Taobao villages have evolved from
point-like to area-wide and from suburban to near-urban areas'"”’
In Guangzhou, "Taobao villages" are mainly concentrated around
the central urban areas, in regions with medium-to-low permanent
and employed population densities, and tend to cluster where sim-
ilar products are sold'""’. Jiangsu Province’s e-commerce industry
displays three basic clustering patterns: high-high, low-high, and

low-low' . Regarding influencing factors for Taobao villages, in



addition to government policies, population, internet access, and

13 . . .
3 rural residents’ disposable income

transportation development
also positively contributes to their growth, while economic devel-
opment levels and urbanization rates may have inhibitory

effects'™’ .

Furthermore, Taobao villages closer to cities demon-
strate greater effects, whereas in more remote areas, only when a
significant level of clustering is achieved can urbanization levels be
enhanced™’.

Research findings at national and provincial scales"* ™" indi-
cate that China’s Taobao villages have undergone three develop-
mental stages: the initial phase, the growth phase, and the cur-

1 The distribution of Taobao villages

rent rapid expansion phase
exhibits significant regional imbalance, showing a clustered pat-
tern, with 98% concentrated in eastern coastal cities. Additional-
ly, the distribution of Taobao villages aligns with changes in the
distribution of medium and large cities. These villages are more
likely to be located in areas with better resource endowments, con-
venient transportation, industrial clusters, and higher internet

[21]

penetration rates Some scholars have also studied specific

Taobao villages as case studies to explore underlying pat-

12241 " At the provincial scale, research on Taobao villages

terns
in Shandong Province reveals that their spatial distribution is clus-
tered, presenting a pattern of " relatively sparse overall but con-
centrated in southwestern Shandong". The spatiotemporal evolu-
tion of these villages shows axial diffusion along the " northeast-
southwest" direction, with increasing agglomeration density ™ .
The developmental characteristics of Taobao villages in Shandong
Province are similar to those at a finer scale in Cao County, both
exhibiting clustering features and axial diffusion trends. Regarding
influencing factors, major factors vary across regions. In Jiangxi
Province, the development of Taobao villages results from a com-
bination of multiple factors, with economic foundation, transporta-
tion conditions, and platform support being the primary influ-

[26]

ences In Shandong Province, e-commerce environment sup-

port was the foremost factor affecting the spatial distribution of
Taobao villages in 20207,

significant factors influencing Taobao village development are gov-

For Henan Province, the five most

ernment policies, industrial foundation, logistics and courier serv-
ices, transportation conditions, and economic conditions'®’ .
Overall, scholars have conducted relatively comprehensive
research on large scales such as the national and provincial levels,
as well as micro-scale village-level studies, but there is a lack of
research focusing on township-level analyses within the broader
context of county-wide studies. Taobao villages inherently exhibit
significant clustering effects, and studying their influencing factors
can better reveal their spatial distribution characteristics and ag-
glomeration patterns across different geographical regions. This
helps to understand how Taobao villages achieve economies of
scale in specific areas and how spatial optimization can enhance
efficiency and competitiveness. It also allows for an in-depth ex-
ploration of the reasons behind the formation and development of

Taobao villages in specific regions, uncovering their internal clus-

tering mechanisms. The study area, Cao County, serves as a typi-

"

cal example of an " inland agricultural county + Taobao village

cluster". lts spatiotemporal evolution model can supplement theo-
ries on the regional adaptability of rural e-commerce in non-coastal
areas, revealing the differentiated mechanisms of e-commerce in-
dustry agglomeration under varying geographical conditions. As a
populous county (with a registered population of about 1.7 mil-
lion) and an agricultural hub, Cao County has long faced challen-
ges such as labor outmigration and a singular industrial structure.
The rise of Taobao villages has driven local employment and indus-
trial upgrading, making it the second-largest " super-large Taobao
village cluster" in China. Studying its development path can pro-
vide a practical paradigm of " e-commerce-driven rural revitaliza-
tion" for similar counties in central and western China, particular-
ly in areas such as the digital transformation of traditional indus-
tries and returning entrepreneurship. This model, leveraging local
resources (e. g., traditional handicrafts, specialty agricultural
products) combined with e-commerce to overcome geographical
limitations and achieve economic growth in non-coastal regions,
holds practical significance for the national rural revitalization
strategy , especially in " developing localized specialty industries. "
It offers policymakers decision-making insights regarding industrial
support, infrastructure development (e. g. , logistics, internet) ,
and other relevant areas. Therefore, this paper focuses on Cao
County’s Taobao villages as the research subject, conducting a
township-level study to analyze their spatiotemporal evolution char-
acteristics, predict future development trends, and explore influ-

encing factors, which holds significant importance.

1 Material and methods
1.1 Kernel density estimation It can visualize the distribu-
) and the higher

the value of kernel density, the greater the degree of clustering.

tion of each type of land use in the study area

The formula is as follows:

£ = 3 () (1)

where f, (x) is the kernel density function; k( %) is the kernel
function; n is the sample size; h >0 is a smoothing parameter
called bandwidth; (x —x;) denotes the distance from the center
point of the raster to a known point. In this paper, kernel density
estimation is used to analyze the clustering of Taobao villages.

1.2 Standard deviation elliptic analysis (SDEA )

to express the direction of the distribution of spatial data, the cen-

It is used

ter point of the ellipse indicates the mean center of the spatial dis-
tribution of the research object, the long axis indicates the domi-
nant direction of the spatial elements, and the short axis indicates
the centripetal force of the data. Among them, the larger the ratio
of the long to short axes, the more obvious the directionality of the
spatial distribution is indicated, and the azimuth represents the
main trend direction of the spatial distribution™’. The calculation

formulas are as follows:
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SDE (2)

SDE, (3)

(3% - 57+ /(52 - 590 +4( S’

235,
where 0 is the rotation angle; n is the sample size; SDE, denotes
the short axis of the standard deviation ellipse; SDE, denotes the

tanf = (4)

long axis of the standard deviation ellipse.
1.3 Geodetector

zing spatial variability. Among them, divergence and factor detec-

Geodetector is a tool for detecting and utili-

tion is used to detect the spatial divergence of Y and to detect how
much a factor X explains the spatial divergence of attribute Y. The

expression is:

L
gt B s (5)
No* SST

The value domain of ¢ is[0, 17, the larger the value indi-
cates that the spatial differentiation of Y is more obvious; if the
stratification is generated by the independent variable X, the lar-
ger the value of ¢ indicates that 3 the independent variable X ex-
plains the attribute ¥ more strongly, and vice versa. In the ex-
treme case, a g-value of 1 indicates that factor X completely con-
trols the spatial distribution of Y, a g-value of O indicates that fac-
tor X has no relationship with Y, and a g-value indicates that X
explains 100 x ¢% of Y™*'. In this paper, Geodetector is used to
calculate the explanatory power of each factor on Taobao village
divergence, and then determine the geographic rootedness.
1.4 Data sources In this study, the annual list of Taobao vil-
lages in Cao County was sourced from the Ali Research Institute
(http://www. aliresearch. com/). Relevant indicator data were
compiled from the China Rural Statistical Yearbook ( Township
Volume) and the enterprise information platform Qichacha. Gov-
ernment policy documents and other information were obtained
from the official websites of the Cao County People’s Government
(http://www. caoxian. gov. cn/) and the Heze Municipal People’s
Government ( http://www. heze. gov. cn/). Spatial vector data for
each Taobao village were extracted using the maplocation geo-

graphic information application tool.

2 Study site

Cao County is located in the southwestern part of Shandong
Province, China, and is a county under the jurisdiction of Heze
City, Shandong Province, with a long history. The county lies on
the alluvial plain of the Yellow River, with terrain sloping from
the southwest to the northeast. It has been honored with titles such
as one of China’s Top Ten Counties for E-commerce Development,
a National Comprehensive Demonstration County for E-commerce
in Rural Areas, one of China’s Top 100 Counties for Online Sales,
and one of China’s Top 100 Counties for the Food Industry. It is

also renowned as the " Hometown of Hanfu (Traditional Han Chi-
nese clothing)" , " Hometown of Willow Weaving" , " Hometown
of Asparagus", and " Hometown of Poplar Wood Processing" in
China. In 2023, the county’s GDP reached 58.204 billion yuan,
with the industrial structure ratio of the primary, secondary, and
tertiary sectors approximately at 1 : 4 : 5. In the same year, Cao
County’s cultivated land for planting exceeded 26 666 ha, and it
had 441 industrial enterprises above the designated size, ranking
first in Heze City.

Cao County is home to the largest Taobao village cluster in
China and the largest in the northern Jiangsu region. The integra-
tion of e-commerce with traditional industries such as Cao County’s
performance costume sector has led to the formation of industrial
clusters characterized by performance apparel and other special-

ties'?'!

. As of 2022, details regarding Taobao villages in Cao
County ; 176 Taobao villages, 21 Taobao towns, 30.5 billion USD
sales revenue, more than 5 000 e-commerce enterprises, more
than 60 000 online stores, 6 stores with revenue more than one bil-
lion USD, more than 100 stores with revenue more than one mil-
lion USD, 249 Alibaba cross-border e-commerce enterprises, 77
Amazon cross-border e-commerce companies, and 4 e-commerce
industry clusters ( Hanfu, performance clothes, wood products,

agricultural products).

3 Results and analysis

3.1 The phased evolution of Taobao villages in Cao County
In terms of temporal evolution, Fig. 1 illustrates significant chan-
ges in the number of Taobao villages in Cao County from 2014 to
2022. In 2014, there were only 7 Taobao villages, but by 2022,
the number surged to 176. The distribution of Taobao villages, in-
itially concentrated in Daji Town, gradually expanded across the
entire county.

From Fig.2 and Table 1, it can be observed that since the
emergence of the first Taobao villages in Cao County’s Daji Town
in 2013, the development of Taobao villages in Cao County has
undergone an evolutionary process consisting of three stages: the
budding stage, the rapid expansion stage, and the stable develop-
ment stage. Specifically, before and during 2014, the number of
Taobao villages was relatively small and confined to Daji Town and
its surrounding areas, with significant fluctuations in the ratio of
the major to minor axes of the ellipse, marking the exploratory
phase of Taobao village development, the budding stage. In 2015,
new Taobao villages appeared in the central and northwestern re-
gions of the county, and from 2015 to 2020, the number of Taobao
villages grew rapidly, with both the major and minor semi-axes of
the ellipse generally increasing, representing the rapid expansion
stage. From 2021 onwards, the growth rate of Taobao villages be-
gan to slow down, with the values of the major and minor semi-ax-
es and their ratio gradually stabilizing, indicating the stable devel-
opment stage.

The development of Taobao villages in Cao County has expanded
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Fig.1 Distribution of Taobao villages in Cao County from 2014 to
2022

from its initial base in Daji Town to the entire county and city,
evolving from a "wild growth" phase to a more clustered and in-
dustrialized direction. The earliest Taobao villages in Cao County
were Dinglou Village and Zhangzhuang Village in Daji Town,
which were recognized as Taobao villages in 2013 and included in
the national list of Taobao villages. In 2014, five additional
Taobao villages emerged around Dinglou and Zhangzhuang. From
2015 to 2020, the number of Taobao villages grew rapidly, adding
a total of 117 new villages. The spatial evolution of Taobao villa-

ges in Cao County demonstrates a pattern of close-range diffusion,

ultimately forming the largest cluster centered around Daji Town,
a second major cluster in the Pulanji-Qinghe Subdistrict area, and
scattered distributions in other townships.
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Fig.2 Changes in the total number of Taobao villages in Cao
County, Shandong Province and China from 2014 to 2022

From Fig.2, it can be observed that the changes in the num-
ber of Taobao villages in Shandong Province and nationwide can
also be divided into three similar development stages: the initial
stage before and including 2014, the rapid growth stage from 2015
to 2019, and the stable development stage after 2021. There is a

significant similarity in the development stages between the two,
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leading to the conclusion that the temporal evolution of Taobao vil-
lages in Cao County follows the general pattern of Taobao village
development over time. Based on the temporal patterns of Taobao
village development in Shandong Province and nationwide, it is
predicted that future changes in the number of Taobao villages in
Cao County may be minimal , with a continued decline in the num-
ber of newly added Taobao villages.

3.2 The spatial clustering of Taobao villages in Cao County
As shown in Fig. 3 and Table 1, (i) the distribution of Taobao vil-
lages in Cao County exhibits distinct clustering characteristics. In-
itially centered around a "single core" , the Taobao villages have
gradually evolved into a " dual-core" model. The earliest Taobao
villages were primarily concentrated in the southeastern part of the
county, forming the first major cluster centered around Daji Town
(including Yandianlou Town and Ancailou Town, which served as
the birthplace of Taobao village development in Cao County and
specialized in performance costumes). After 2016, a second major
cluster began to emerge and develop in the central part of the
county, particularly in towns and subdistricts such as Pulianji and
Qinghe Subdistrict, focusing on wood product processing. In later
stages of development, new agglomerations appeared in the north-
western part of the county, specifically in Zhuangzhai Town and
Taoyuanji Town, with expanding scope and intensity. This sug-
gests the potential emergence of a third major cluster in the future,
also centered around wood product processing. (ii) Currently, the
spatial distribution of Taobao villages in Cao County is uneven,
generally following a pattern of " more in the southeast, fewer in
the northwest". High-density concentrations have formed in the
southeastern region, while a low-density concentration area has
developed in the central part. Notably, Taobao villages are dense-
ly distributed around Daji Town and Ancaolou Town within the
high-density cluster. (iii) The development of Taobao villages in
Cao County has progressed from point-like to linear and then to
areal distribution. Initially centered around Daji Town, the villa-
ges expanded eastward and westward to Yandianlou Town and An-
cailou Town, subsequently driving the formation of an areal indus-
trial cluster in the eastern part of the county. In the northwestern
townships, where wood product processing dominates, agglomera-
tions of Taobao villages have already begun to appear, indicating
potential for future development that could spur overall growth in
the western part of the county.

3.3 Development trend of Taobao villages in Cao County
From Fig.4 and Table 2, we found that; (i) The coordinates of
the ellipse’s center of gravity gradually shift northwestward, indi-
cating that the overall spatiotemporal evolution of Taobao villages

[

follows an axial diffusion pattern along the " northwest-southeast"
direction, with regional clustering intensity continuously increas-
ing. (ii) Changes in the major and minor axes reflect that Taobao
villages in Cao County initially developed in a point-like manner
before transitioning to directional diffusion. (iii) Except for 2014,
the ratio of the major to minor axes was generally higher in the ear-

ly stages, while in later periods, the ellipse tended to become

more circular, with a lower and more stable axis ratio, suggesting
an increasingly uniform overall distribution of Taobao villages.
(iv) Taobao villages in Cao County are consistently expanding to-
ward the northwest region, potentially forming a third major
Taobao village cluster centered on wood product processing in the

northwest, thereby creating a "tri-core" development pattern.

Table 1 Standard deviation ellipse attributes

Year Coordinates of .the L(.)ng  Semi-axis  Azimuth Asp.ect

center of gravity semi-axis ratio
2014 34.670° N -115.634° E  0.161 0.134 46.11° 1.2 :1
2015 34.727° N -115.600° E  0.157 0.065 137.77° 2.4:1
2016  34.740° N-115.594° E  0.191 0.070 132.66° 2.7 :1
2017 34.753° N-115.601° E  0.178 0.068 136.32° 2.6:1
2018 34.763° N -115.596° E  0.188 0.080  131.96° 2.4:1
2019  34.762° N-115.597° E  0.188 0.084 132.76° 2.2 :1
2020 34.761° N-115.591° E  0.200 0.086 131.88° 2.3:1
2021  34.762° N -115.590° E  0.201 0.083 131.87° 2.4:1
2022 34.774° N-115.583° E  0.213 0.088  130.34° 2.4:1

3.4 Analysis of influencing factors
focus on selling products with absolute competitive advantages and

Taobao villages typically

low costs. The goods produced within these industrial clusters of-
ten have cost advantages, leading to spatial differentiation and in-
dustrial agglomeration in the development of Taobao villages,
which reflects their typical geographical embeddedness'™ . The
growth of Taobao villages is primarily influenced by two key fac-
tors; products and logistics. They often rely on local specialty in-
dustries and advantageous resources to form industrial clusters of a
certain scale. These clusters, connected through e-commerce plat-
forms, achieve integrated online and offline development, driving
the transformation, upgrading, and sustainable growth of the local
economy.

In this study, we take the number of Taobao villages in each
township of Cao County across different years as the dependent
variable (Y) , with the number of courier companies (X, ), logis-
tics parks (X, ), e-commerce industrial parks (X;), wood pro-
cessing industries (X, ), garment manufacturing industries (X,),
and agricultural product processing industries (X, ) as explanatory
variables. It aims to explore the main factors influencing the de-
velopment of Taobao villages in Cao County for each respective
year, assess the varying degrees of impact of these factors, and

analyze the temporal changes in their influence. The indicators are

detailed in Table 2.

Table 2 Influencing factors and indicators selected

Factor Norm

Logistics and trans- Number of courier companies (X )

portation conditions Number of logistics parks (X, )
Government policy Number of e-commerce industrial parks (X;)
Industrial condition Number of garment manufacturing industries (X, )
Number of wood processing industries (X;)

Number of agro-processing industries (X )

The geographical detector was used to analyze each indicator,
and the results are shown in Table 3.



Table 3 Results of geographic detectors for each indicator
Year  Value X, X, X; X4 Xs X
2014 g statistic 0.0233 0.004 1 0.9727 1.0000 0.1017 0.207 4
0.9770 0.9517 0.0000 0.0000 0.9960 0.277 5
0.0347 0.0072 0.8658 0.9647 0.4892 0.110 1
0.8753 0.9266 0.0000 0.0000 0.8804 0.680 1
0.0829 0.0086 0.9192 0.9905 0.4594 0.169 0
pvalue 0.6124 0.9113 0.0000 0.0000 0.9890 0.638 6
2017 g statistic 0.1353 0.0097 0.8044 0.9772 0.5134 0.3218
0
0
0
0
0

p value
2015 ¢ statistic
p value

2016 g statistic

.8189 0.9015 0.0000 0.0000 0.9820 0.6318
L1297 0.0088 0.6114 0.9736 0.766 8 0.758 7
.8428 0.9134 0.0787 0.0114 0.5863 0.1307
.1708 0.3719 0.8778 0.9592 0.3879 0.5746

p value .746 8 0.0207 0.0000 0.0404 0.9987 0.8320
2020 g statistic 0.1234 0.5861 0.8776 0.9648 0.5778 0.946 3

pvalue 0.9291 0.0037 0.0000 0.0119 0.9927 0.0427
2021 g statistic 0.0958 0.4475 0.5671 0.9728 0.9960 0.992 5

pvalue 0.9858 0.0137 0.1207 0.004 8 0.0000 0.0000
2022 g statistic 0.7145 0.366 8 0.4997 0.8816 0.9990 0.8115
0.0712 0.060 8 0.0084 0.0000 0.0000 0.772'5

p value
2018 g statistic
p value

2019 g statistic

p value

By combining Table 3 and Fig. 5, the analysis can be divided
into three stages:

First, during the 2014 —2018, the explanatory power of each
indicator for the spatial differentiation of Taobao villages ranked
from high to low as follows: X,, X,, X, X;, X,, X,. Among
these, only the p-values of X, and X, passed the significance test
at the 0. 05 level, indicating that during this stage, the number of
e-commerce industrial parks (X;) and the number of garment in-
dustries (X,) had relatively strong explanatory power for the spa-
tial differentiation of Taobao villages. Therefore, it can be conclu-
ded that the number of e-commerce industrial parks and garment
industries were the main factors influencing the spatial distribution
of Taobao villages in Cao County during this period.

During the 2018 —2020, taking 2019 as an example, the ex-
planatory power of each indicator for the spatial differentiation of
Taobao villages ranked from high to low as follows: X,, X5, X,
X5, X,, X,. Among these, only the p-values of X,, X;, and X,
passed the significance test at the 0. 05 level, indicating that the
number of e-commerce industrial parks (X;) and garment indus-
tries (X, ) still had relatively strong explanatory power for the spa-
tial differentiation of Taobao villages during this time, while the
explanatory power of the number of logistics parks (X, ) in-
creased. Thus, the number of e-commerce industrial parks, gar-
ment industries, and logistics parks were the main factors influen-
cing the spatial distribution of Taobao villages in Cao County dur-
ing this period.

In the 2020 — 2021, the explanatory power of each indicator
for the spatial differentiation of Taobao villages ranked from high to
low as follows: X, , X,, X5, X;, X,, X,. Among these, the p-val-
ues of X,, X,, X5, and X passed the significance test at the 0. 05
level, indicating that the number of garment industries (X, ) still
had relatively strong explanatory power for the spatial differentia-
tion of Taobao villages, while the explanatory power of the number
of e-commerce industrial parks (X;) slightly declined. The ex-

planatory power of the number of logistics parks (X, ), wood pro-
cessing industries (X5 ), and specialty agricultural product pro-
cessing industries (X, ) increased, with the explanatory power of
specialty agricultural product processing industries (X, ) even sur-
passing that of garment industries (X, ). Therefore, the number of
garment industries, logistics parks, wood processing industries,
and specialty agricultural product processing industries were the
main factors influencing the spatial distribution of Taobao villages
in Cao County during this period, with an increase in the number
of key influencing factors.

In the 2021 —2022, the explanatory power of each indicator
for the spatial differentiation of Taobao villages ranked from high to
low as follows: X5, X,, X¢, X,, X5, X,. Among these, the
p-values of X, , X;, X,, and X, passed the significance test at the
0. 05 level, indicating that the number of garment industries (X, )
still had relatively strong explanatory power for the spatial differen-
tiation of Taobao villages, while the explanatory power of the num-
ber of e-commerce industrial parks (X;) continued to decline.
The explanatory power of the number of wood processing industries
(X5 ) reached a relatively high level and gradually stabilized,
while the explanatory power of the number of logistics parks (X, )
continued to decline. Therefore, the number of garment indus-
tries, e-commerce industrial parks, and wood processing indus-
tries were the main factors influencing the spatial distribution of
Taobao villages in Cao County during this period.

Overall, in terms of influencing factors, the number of
e-commerce industrial parks and garment industries consistently
remained the main factors affecting the spatial distribution of
Taobao villages in Cao County over time, indicating that the gar-
ment industry is the pillar industry for the development of local
Taobao villages. The declining trend in the explanatory power of
the number of e-commerce industrial parks reflects the increasing
maturity of government policy support for Taobao villages. In re-
cent years, the number of wood processing industries and specialty
agricultural product processing industries has also become a main
factor influencing the spatial distribution of Taobao villages, re-
flecting the diversification of local Taobao villages into multiple in-
dustries and fields, with industrial factors gradually becoming the
main driving force for their development. The explanatory power of
logistics and transportation conditions (X, , X,) remained relative-
ly low but showed a fluctuating upward trend overall, also reflec-
ting the growing demand for logistics and transportation enterprises
due to the expansion of the Taobao industry, although these factors
are not the main determinants of Taobao village locations.

As shown in Fig. 6, when examining the interaction effects of
the factors, any two factors exhibited an enhancing relationship.
All interactive factors showed a two-factor enhancement, with no
nonlinear enhancement, independence, or weakening relation-
ships. This conclusion is based on the observation that ¢(X, NX,)
> max[q(X,), ¢(X;) ]--q(X;NXg) > max[q(X;), ¢(Xo) ],
indicating that the influence of the interaction between two factors
is greater than that of any single factor. Therefore, the interaction
between different influencing factors can enhance the explanatory

power for the embeddedness of Taobao villages. Among these, the
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Fig.3 Kernel density analysis of Taobao village in Cao County
from 2014 to 2022
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number of garment industries ( X, ), wood processing industries
(X5),

(X4) were the most influential factors in the interaction detection.

and specialty agricultural product processing industries

The strong influence of these industrial quantity factors suggests
that Taobao villages in Cao County are highly dependent on spe-
cialized industrial clusters, with significant synergy or complemen-
tarity between industries.
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Fig.6 Heat map of ¢ value of each interaction factor
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Fig.7 Main types of commodities in Taobao villages in each town-

ship of Cao County

Shaozhuang

As seen in Fig. 7, Taobao villages specializing in Hanfu, per-
formance costumes, and other clothing items are mainly concen-
trated in Daji Town and its surrounding areas, where Taobao villa-
ges emerged earlier. In contrast, towns in the northwest primarily
focus on wooden products, benefiting from the local robust wood
processing industry. Today, the main products of Cao County’s
Taobao villages are no longer limited to Hanfu and performance
costumes but have diversified significantly. The industrial chain of
Cao County’s Taobao has evolved into a diversified and large-scale
development pattern, transitioning from a single focus to multiple

sectors and from decentralization to clustering. Cao County’s



Taobao villages have formed several relatively complete industrial
chains, covering raw materials to processing and sales logistics:
the clothing industry chain, the wooden products industry chain,
and the agricultural products industry chain. In the early stages,
Cao County’s Taobao industrial chain was primarily concentrated in
the clothing sector, particularly performance costumes and Hanfu.
With the continuous development of e-commerce platforms and the
expansion of the market, the industrial chain gradually expanded
into wooden products, agricultural products, and other fields. Ini-
tially, e-commerce businesses in Cao County were scattered across
various villages without forming a well-integrated industrial chain.
However, with strong government support and the construction of
e-commerce industrial parks, these businesses, along with sup-
porting industries like logistics, began to cluster, creating econo-
mies of scale and cluster effects.

In the early stages of Cao County’s Taobao villages, develop-
ment was just beginning, with relatively singular industries and
raw material procurement primarily relying on local sourcing,
making them locally productive Taobao villages. During the mid-
term, Taobao villages expanded rapidly, with the increasing num-
ber of merchants and growing demand for raw materials leading to
large-scale external procurement, gradually transitioning into
mixed-production Taobao villages. In the later stages, the methods
of raw material acquisition in Cao County’s Taobao villages became
relatively mature and diversified, including local procurement, ex-
ternal procurement, and online procurement. Hanfu, performance
costumes, and timber raw materials mainly relied on both local
production and external procurement, while agricultural and spe-
cialty product raw materials were mostly sourced locally, classif-
ying them as mixed-production Taobao villages. In the future, the
number of Taobao villages in Cao County is expected to stabilize,
and the methods of raw material acquisition will continue to diver-

sify and move toward greener practices.

4 Conclusions and discussion

By studying the Taobao villages in Cao County from 2014 to
2022, the phased characteristics of their temporal development
were clarified, including three developmental stages, which align
with the developmental phases of Taobao villages in Shandong
Province and the whole country. Kernel density analysis revealed
significant spatial clustering features, presenting an overall pattern
of "more in the southeast, less in the northwest" , with emerging
aggregation points in the northwest expected to drive overall devel-
opment in the western region. Using the standard deviation ellipse
analysis method, the developmental trend was assessed, showing
the ellipse’s center of gravity shifting northwestward. The spatio-

" northwest-south-

temporal evolution exhibited diffusion along the
east" axis, with strengthened regional clustering. After initial
point-based development, directional diffusion emerged, and
changes in the ellipse’s axis ratio reflected the developmental
process, higher ratios in early stages, becoming more circular and
stable later, indicating increasingly uniform distribution.
Government policies and industries significantly influenced

the differentiation of Taobao villages, with varying primary factors

across different periods. Overall, the garment manufacturing in-
dustry remained the dominant influencing factor, while the explan-
atory power of other industries also increased, leading Taobao vil-
lages to diversify into multiple sectors and fields. The diffusion dy-
namics of Taobao villages also evolved: early stages were domina-
ted by homogeneous competitive diffusion driven by social network
relationships and demonstration effects, while later stages saw in-
dustrial chain extension making economic factors and industrial
development conditions the primary drivers.

The methods of raw material procurement continuously
evolved. Initially, it was locally sourced and locally produced. As
demand expanded in the mid-term, procurement shifted external-
ly, transitioning to a mixed production model. Later stages saw di-
versified procurement methods, with future trends pointing toward
stable numbers and increasingly diversified and greener procure-
ment approaches.
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panding the livelihood space of farmers and promoting the gradual
transformation of their livelihoods.

3.5 Strengthening livelihood risk warning management and
improving the stability of farmers’ livelihoods
environment in the ecological development area of northern Guang-

The ecological

dong is fragile, and its economic development is lagging behind.
The livelihoods of farmers are highly vulnerable to various risks
such as natural risks, health risks, market risks, and policy risks,
and their livelihood stability is relatively poor. Against this back-
drop, preventing livelihood risks, strengthening livelihood risk ear-
ly warning management, and enhancing the stability of farmers’
livelihoods are crucial for ensuring the sustainable development of
farmers’ livelihoods.

In the future, it is necessary to strengthen the monitoring of
farmers’ livelihood risks, establish a dynamic monitoring and pre-
vention mechanism for farmers’ livelihood risks, conduct dynamic
monitoring of farmers’ production and living conditions, income
sources, and household income and expenditure situations, accu-
rately identify the risk points of different types of farmers’ liveli-
hoods, and take timely measures to eliminate them. In addition, it
is necessary to strengthen livelihood risk early warning manage-
ment, classify and intensify follow-up support and assistance work
based on the early warning results, establish a livelihood risk pre-
vention system, and enhance farmers’ ability to cope with liveli-
hood risks, ensuring the stable and sustainable development of
farmers’ livelihoods.
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