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Abstract
Vegetable markets constitute an important component of urban geographical
space, and their rational layout is a crucial link in implementing the urban
“vegetable basket”project. This study selects vegetable markets in the main
urban area of Lanzhou as the research object, utilizing 2020 Lanzhou vegetable
market POI data and socioeconomic data, and employing methods such as ker-
nel density analysis, exploratory spatial data analysis, two-step floating catch-
ment area method, and geographical detector to analyze the spatial distribution
characteristics and influencing factors of Lanzhou’s vegetable markets from a
geographical perspective using big data. The results indicate that: (1) The
spatial distribution of vegetable markets exhibits a “northwest-southeast”ori-
entation, with comprehensive large-scale supermarkets being more evenly and
dispersedly distributed in Lanzhou’s main urban area compared to other types,
while medium and large farmers’markets and vegetable retail stores show a more
clustered distribution. (2) In terms of quantity and scale, vegetable markets dis-
play a distribution pattern of “dense in the east and sparse in the west, dense
in the south and sparse in the north”; comprehensive large-scale supermarkets
exhibit a patchy distribution, medium and large farmers’markets overall show
an island-like distribution with a polycentric pattern, and the spatial distribu-
tion pattern of vegetable retail stores appears as spotted distribution. (3) The
spatial distribution of vegetable markets demonstrates a strong clustering ten-
dency. (4) The overall accessibility of Lanzhou’s vegetable markets is relatively
good, though some streets in Anning District and Xigu District have relatively
low accessibility. (5) The spatial distribution of Lanzhou’s vegetable markets
is primarily influenced by multi-factor interactions, with main influencing fac-
tors including population factors, transportation factors, etc. Finally, the study
identifies irrational aspects of the spatial distribution of vegetable markets and
proposes relevant recommendations, aiming to provide references for strength-
ening the rational spatial layout and coordinated development of Lanzhou’s
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vegetable markets.
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Abstract

Vegetable markets constitute a crucial component of urban geographic space,
and their rational layout is essential for implementing the urban “vegetable
basket”project. This study examines vegetable markets in the main urban
area of Lanzhou City, employing kernel density analysis, exploratory spatial
data analysis, two-step mobile search method, and geographic detector to ana-
lyze the spatial distribution characteristics and influencing factors of vegetable
markets in Lanzhou from a geographical perspective using big data. The re-
sults reveal that: (1) The spatial distribution of vegetable markets exhibits a
“northwest-southeast”orientation. Comprehensive hypermarkets demonstrate a
more balanced and dispersed distribution compared to other types, while large
and medium-sized farmers’markets and vegetable retail stores show greater
concentration. (2) In terms of quantity and scale, vegetable markets display a
pattern of being dense in the east and south but sparse in the west and north.
Comprehensive hypermarkets are patchily distributed, large and medium-sized
farmers’markets show an island-like distribution with a multi-center pattern,
and vegetable retail stores exhibit a spotted distribution pattern. (3) The spatial
distribution of vegetable markets shows strong clustering tendencies. (4) Over-
all accessibility of vegetable markets in Lanzhou is good, though some streets
in Anning and Xigu districts have low accessibility. (5) The spatial distribu-
tion of vegetable markets is primarily influenced by multiple factor interactions,
with population and transportation being the main factors. Finally, the study
identifies unreasonable aspects of the spatial distribution and proposes relevant
recommendations to provide references for strengthening rational spatial layout
and coordinated development of vegetable markets in Lanzhou.

Keywords: vegetable markets; GIS spatial analysis; geographic detector;
Lanzhou City

1. Study Area Overview

Lanzhou City (102°36�~104°35�E, 35°34�~37°00�N) serves as an impor-
tant transportation hub in Northwest China, providing vital support
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for economic development in western China. The Yellow River runs
through the city from west to east, creating a topographic feature
of “two mountains flanking one river.”The city covers a total area
of 3.79$×10^{3}$ km2 with a permanent population of approximately
1.31$×10{6}.𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑒𝑑𝑏𝑦𝑣𝑎𝑙𝑙𝑒𝑦𝑡𝑒𝑟𝑟𝑎𝑖𝑛, 𝐿𝑎𝑛𝑧ℎ𝑜𝑢ℎ𝑎𝑠𝑑𝑖𝑓𝑓𝑖𝑐𝑢𝑙𝑡𝑦𝑒𝑥𝑝𝑎𝑛𝑑𝑖𝑛𝑔𝑛𝑒𝑎𝑟𝑏𝑦𝑎𝑛𝑑𝑡ℎ𝑢𝑠𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑠𝑎𝑙𝑜𝑛𝑔𝑟𝑖𝑣𝑒𝑟𝑎𝑥𝑒𝑠.𝑇 ℎ𝑖𝑠𝑠𝑡𝑢𝑑𝑦𝑓𝑜𝑐𝑢𝑠𝑒𝑠𝑜𝑛𝑡ℎ𝑒𝑚𝑎𝑖𝑛𝑢𝑟𝑏𝑎𝑛𝑎𝑟𝑒𝑎𝑜𝑓𝐿𝑎𝑛𝑧ℎ𝑜𝑢(𝐹𝑖𝑔𝑢𝑟𝑒1), 𝑐𝑜𝑣𝑒𝑟𝑖𝑛𝑔𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒𝑙𝑦1, 042.96𝑘𝑚{2}$.
Basic information is presented in Table 1.

[Figure 1: see original paper]

Table 1. Basic information of the central districts of Lanzhou City

2. Data and Methods

2.1 Data Sources The data used in this study include POI data of veg-
etable markets in Lanzhou’s main urban area, administrative boundary data,
population raster data, and road network data. Vegetable market POI data
were obtained through web crawler technology from Gaode Maps, capturing
attributes including name, detailed address, and coordinates. After data screen-
ing, classification, and coordinate conversion, these served as the research data
source. This dataset essentially covers all vegetable market entities in Lanzhou’
s four districts, with rich content and high precision that meets requirements
for current reliability and accuracy of spatial locations.

Administrative boundary data were obtained from the National Geospatial Infor-
mation Center. Since street-level population data for Lanzhou were unavailable,
population data from Worldpop were used after zonal statistics. Road data were
sourced from OpenStreetMap, while residential areas and public transportation
station data were obtained through web crawling.

Based on Gaode Maps, Python was used for web crawling with four keywords:
“supermarket,”“agricultural product market,”“fruit market,”and “vegetable
market.”Following the classification system of POI big data and agricultural
market research, supermarkets were classified as comprehensive hypermarkets,
agricultural product markets as large and medium-sized farmers’markets, and
fruit and vegetable markets as vegetable retail stores. A total of 1,047 POIs were
extracted, including 217 comprehensive hypermarkets, 83 large and medium-
sized farmers’markets, and 747 vegetable retail stores. The spatial distribution
is shown in Figure 2.

[Figure 2: see original paper]

2.2 Research Methods 1) Standard deviational ellipse: This method
calculates the distribution trend of point groups by computing standard dis-
tances in X and Y directions, analyzing the distribution direction and trend of
vegetable markets in the main urban area and each district.

2) Kernel density estimation: Widely used in spatial analysis, this is the
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primary statistical method for extracting spatial distribution characteristics of
vegetable markets, reflecting their agglomeration degree. Higher kernel density
indicates denser distribution.

3) Exploratory spatial data analysis: This method reflects the correlation
between the quantity and region of vegetable markets in Lanzhou, analyzing
spatial heterogeneity and correlation.

4) Two-step mobile search method: The improved two-step mobile search
method considers distance decay, using a Gaussian function that best matches
residents’travel patterns. Following the Lanzhou 15-Minute Life Circle Sup-
porting Facilities Planning Research and Guidelines, the distance threshold was
set at 1,000 m. Supply capacity of various vegetable markets was determined
through consultation with seven domain experts (urban geography, economic
geography) using the Analytic Hierarchy Process (AHP) for weighting (Table
2). After weighting and normalization considering the quantity of vegetable
markets within the threshold, accessibility was calculated for each market.

Table 2. Supply capacity of various vegetable markets

5) Geographic detector: This method detects causal relationships between
variables and explores underlying drivers. If an independent variable affects a
dependent variable, their spatial distribution patterns will be similar. Factor
detection explains the degree to which a factor explains spatial differentiation of
the dependent variable, while interaction detection examines combined effects.

3. Results

3.1.1 Spatial Distribution Direction of Vegetable Markets Standard
deviational ellipse analysis reveals that vegetable markets in Lanzhou exhibit
a “northwest-southeast”pattern (Figure 3), primarily due to the city’s band-
shaped form constrained by terrain and the northwest-southeast orientation
of the Yellow River. The ellipses for all four districts align with this overall
direction. Xigu District has the smallest ellipse area while Chengguan District
has the largest, indicating more concentrated and fewer vegetable markets in
Xigu.

[Figure 3: see original paper]

Figure 4 shows the distribution of three vegetable market types, all constrained
by the valley terrain to a “northwest-southeast”pattern. Comprehensive hy-
permarkets show the largest rotation angle, followed by large and medium-sized
farmers’markets and vegetable retail stores. The latter two have smaller ellipse
areas, indicating higher agglomeration than comprehensive hypermarkets. Thus,
comprehensive hypermarkets are more balanced and dispersed, while large and
medium-sized farmers’markets and vegetable retail stores are more concentrated.

[Figure 4: see original paper]
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3.1.2 Spatial Agglomeration of Vegetable Markets Kernel density anal-
ysis shows a pattern of “dense in the east and south, sparse in the west and
north”with patchy, multi-center agglomeration near commercial centers (Fig-
ure 5). Three agglomeration zones exist: Chengguan-Qilihe, Anning, and Xigu.
The Chengguan-Qilihe zone shows the strongest agglomeration, while Anning
and Xigu are relatively weaker.

[Figure 5: see original paper]

At the street scale, Chengguan District concentrates in Yannan, Yanbei,
Weiyuan Road, and Gongxingdun streets; Qilihe District in Xiyuan, Jianlan
Road, Xizhan, and Xihu streets; Anning District in West Road, Kongjia Cliff,
Yintan Road, and Peili areas; and Xigu District in Xigu City, Fuli Road, and
Sijiqing streets.

Comprehensive hypermarkets show patchy distribution with broad coverage and
uniform distribution across districts (Figure 6). At the street scale, they concen-
trate in Yannan, Yanbei, Xiyuan, and Jianlan Road streets in Chengguan and
Qilihe districts, and in Peili, Kongjia Cliff, West Road, and Shajingyi streets
in Anning District near commercial centers. Large and medium-sized farmers’
markets show island-like distribution, mainly concentrated in the Chengguan-
Qilihe contiguous area and Xigu District, with less agglomeration in Anning.
Vegetable retail stores show spotted distribution, primarily in Chengguan-Qilihe
area. Comprehensive hypermarkets, offering diverse services, are more evenly
distributed, while vegetable retail stores, influenced by residential distribution,
show poor adaptation in Xigu and Anning districts.

[Figure 6: see original paper]

3.1.3 Spatial Autocorrelation Analysis of Vegetable Markets Global
Moran’s I analysis at the street scale shows strong clustering trends (Table
3, Figure 7). The positive slope in the Moran scatter plot indicates significant
spatial clustering. Local Moran’s I analysis (Figure 8) reveals high-high clusters
in Yanbei Street (Chengguan), high-low clusters in Chenping Street (Xigu), low-
high clusters in Qingbaishi and High-tech Zone streets (Chengguan), and low-
low clusters in Baiyin Road, Jiuquan Road, Gaolan Road, Wuquan, and Railway
West/East Village streets (Chengguan).

Table 3. Global Moran’s I value of vegetable markets in the central
districts of Lanzhou City

[Figure 7: see original paper]

[Figure 8: see original paper]

3.1.4 Accessibility Analysis Based on “15-Minute Life Circle” Fol-
lowing the Lanzhou 15-Minute Life Circle Supporting Facilities Planning Re-
search and Guidelines, the improved two-step mobile search method analyzed
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street-level accessibility. From a consumer perspective, comprehensive hyper-
markets have the strongest supply capacity, followed by vegetable retail stores
and large/medium farmers’markets. Using natural breaks, accessibility was
classified into five levels (Figure 9). Chengguan District shows the highest ac-
cessibility, followed by Qilihe, Anning, and Xigu. Streets with high accessibility
include Donggang West Road, Weiyuan Road, Gongxingdun, Donggang, High-
tech Zone, Yannan, Yanbei, and Yanchang Road (all in Chengguan). Streets
with poor accessibility include Gongjiawan, Peili, Liujiabao, Shajingyi, Xiliugou,
Lintao Street, Xigu City, Fuli Road, and Xifeng Road (mostly in Xigu District).

[Figure 9: see original paper]

3.2.1 Variable Selection Based on existing research on urban infrastruc-
ture distribution, this study selects variables considering data availability: (1)
Population factors: Vegetable markets serve residents and cluster around
populations; (2) Transportation factors: Road accessibility and connectivity
affect market layout; (3) Residential area factors: The number of residen-
tial communities influences market quantity and type; (4) Resident payment
level: Purchasing power directly affects market quantity and layout. Primary
and secondary indicators are detailed in Table 4. Distance factors (distance to
main roads X10 and distance to residential areas X11) were also analyzed for
different market types.

Table 4. Index system of influencing factors of vegetable markets in
the central districts of Lanzhou City

3.2.2 Influencing Factors Analysis Geographic detector single-factor re-
sults (Table 5) show that residential area density (X5), population density (X1),
and distance to residential areas (X11) most strongly influence distribution, in-
dicating vegetable markets closely follow population factors.

Multi-factor interaction results (Table 6) show that interaction effects (q-values)
are generally higher than single-factor effects, indicating vegetable market dis-
tribution results from multiple factor interactions. The interaction between
population density and road density (q = 0.92) shows markets concentrate in
densely populated areas with developed road networks—typically well-developed
commercial districts with high shopping demand. Population density and resi-
dential area density (q = 0.89) confirm markets cluster around large consumer
groups. Residential area density and housing price (q = 0.85) indicate market
quantity relates to both residential density and purchasing power.

Distance analysis for different market types (Table 7) shows that distance to
residential areas has stronger explanatory power than distance to main roads.
Comprehensive hypermarkets (M1) are closest to residential areas, followed by
vegetable retail stores (M3), with large/medium farmers’markets (M2) farthest
—likely because farmers’markets prioritize goods distribution near main roads.
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Table 5. Explanatory power of influencing factors of vegetable mar-
kets distribution in the central districts of Lanzhou City

Table 6. Interacted explanatory power of multiple factors of vegetable
markets distribution in the central districts of Lanzhou City

Table 7. Explanatory power of influencing factors of vegetable mar-
kets distribution of different types in the central districts of Lanzhou
City

3.2.3 Spatial Coordination Under Influencing Factors Since public
transportation convenience, housing price, population density, road density,
and residential area density are primary factors, bivariate local Moran’s I
analysis examined spatial coordination between vegetable markets and these
factors (Figure 10). Results show low-high clustering in many Chengguan
streets (Linxia Road, Zhangye Road, Fulongping, Baiyin Road, Jiuquan
Road, Gaolan Road, etc.), indicating good regional conditions but insufficient
vegetable market distribution. Xiuchuan Street in Qilihe shows high-low
clustering—many markets but poorer regional conditions. Overall, vegetable
market distribution shows low coordination with regional conditions in most
Chengguan streets, with slight imbalance between social development and
market allocation.

[Figure 10: see original paper]

4. Discussion

Based on the research findings and identified layout problems, recommendations
include: (1) In spatial layout, future community-level life circle planning should
increase markets in streets like Linxia Road and Zhangye Road where needed,
while controlling market numbers in Xiuchuan Street. More refined planning
should increase markets in residential areas with high demand but low supply
to create convenient vegetable shopping circles. (2) In future spatial planning,
scientifically plan new markets and optimize layout structure, considering radi-
ation range and functional positioning to guide orderly development.

Big data intuitively reflects spatial distribution characteristics but lacks logis-
tics and area data for deeper analysis. Mobile market location data are diffi-
cult to obtain and were excluded. Data limitations prevented inclusion of land
price and income data at the street level. Future research should accumulate
multi-temporal spatial location data for spatiotemporal evolution studies. With
internet development, online vegetable shopping platforms (e.g., Duoduomai,
Meituanyouxuan) are emerging, posing challenges to physical markets. The
balance between virtual and physical markets warrants attention.
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5. Conclusions

1) Vegetable markets in Lanzhou show a“northwest-southeast”distribution
pattern, consistent across all districts. Comprehensive hypermarkets are
more balanced and dispersed than other types, while large/medium farm-
ers’markets and vegetable retail stores are more concentrated.

2) Spatial agglomeration shows a pattern of “dense in the east and south,
sparse in the west and north.”The Chengguan-Qilihe area shows concen-
trated block distribution, Xigu shows patchy distribution, and Anning
shows sheet-like distribution. Comprehensive hypermarkets are patchily
and uniformly distributed; large/medium farmers’markets show island-like,
multi-center distribution; vegetable retail stores show spotted distribution,
mainly in Chengguan-Qilihe.

3) Global Moran’s I is 0.36 (significant at 1% level), with positive slope
indicating strong clustering. High-high clusters concentrate in Yanbei
Street (Chengguan); high-low in Chenping Street (Xigu); low-high in Qing-
baishi and High-tech Zone streets (Chengguan); low-low in Baiyin Road,
Jiuquan Road, Gaolan Road, Wuquan, and Railway West/East Village
streets (Chengguan). Accessibility is highest in Chengguan, followed by
Qilihe, Anning, and Xigu.

4) Multi-factor interactions have greater influence than single factors. Key
interactive factors include population density, road density, residential
area density, housing price, and public transportation convenience. Pri-
mary single factors are residential area density, population density, and
distance to residential areas.

5) Overall distribution coordinates with regional conditions—Chengguan has
the highest economic level and strongest agglomeration, Xigu the weak-
est. However, at the street scale, some streets show imbalance: many
Chengguan streets (Linxia Road, Zhangye Road, etc.) have good condi-
tions but few markets, while Xiuchuan Street has many markets but poor
conditions. Anning and Xigu districts have many residential areas but
insufficient markets.

References

[1] Lu Lingxiao, Zhou Yingheng. Present situation and development trend of
agricultural wholesale market[J]. Commercial Research, 2010(2): 10-14.

[2] The 14th Five-Year Plan for National Economic and Social Development
of the People’s Republic of China and the outline of the long-range goals for
2035[N]. People’s Daily Online, 2021-03-13(001).

[3] Lanzhou Municipal Committee of the Communist Party of China Concerning
the Formulation of the 14th Five-Year Plan for the National Economic and

chinarxiv.org/items/chinaxiv-202403.00235 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00235


Social Development of Lanzhou City and the outline of the long-range goals for
2035[N]. Lanzhou Daily, 2021-01-11(001).

[4] Liu Tianxiang. The re-reflection about the circulation efficiency of the whole-
sale market of agricultural products and its improvement[J]. Commercial Science
Research, 2018, 25(6): 32-37.

[5] Luo Guoliang. Spatial agglomeration level and circulation efficiency of agri-
cultural products circulation market: Based on the perspective of agricultural
product price[J]. Journal of Commercial Economics, 2021(13): 39-43.

[6] Guo Y. Price discovery function of agricultural futures market in China:
Based on VECM-IS and DCC-MGARCH models[J]. Economic Management
Journal, 2018, 7(2): 94-106.

[7] Yang Jiehui, Wang Xiao, Cheng Xiujuan. Selection of organizational model
of agricultural supply chain from the perspective of factor allocation[J]. Journal
of Commercial Economics, 2022, 41(6): 148-151.

[8] Ji Lianggang, Liu Dongying, Guo Na. Difficulty and breakthrough of agri-
cultural supply chain integration[J]. Journal of Beijing Technology and Business
University (Social Sciences Edition), 2015, 30(1): 16-22.

[9] Zhang Xiang. Research on the location of wet market based on analytic
hierarchy process and multi-objective programming: Taking Pengzhou City as
an example[D]. Chengdu: Chengdu University of Technology, 2016.

[10] Wang Yifei. Research on the construction planning and development strat-
egy of Xi’an farming product market[D]. Xi’an: Xi’an University of Architecture
and Technology, 2010.

[11] Zhong Hua. Thinking and practice of food market distribution planning in
Shanghai[J]. Shanghai Urban Planning Review, 2012(3): 92-97.

[12] Liu Wei. Studies on location issues of agricultural products logistics distri-
bution center[D]. Wuhan: Wuhan University of Technology, 2010.

[13] Hu Shuangjing. Research on public markets in contemporary Beijing old
city[D]. Beijing: Tsinghua University, 2014.

[14] Tomek W, Peterson H. Risk management in agricultural markets: A re-
view[J]. Journal of Futures Market, 2001, 21(10): 953-985.

[15] Dawe D, Timmer C P. Why stable food prices are a good thing: Lessons
from stabilizing rice prices in Asia[J]. Global Food Security, 2012, 1(2): 127-133.

[16] Zeng Yinchu. The implication of COVID-19 for intelligent upgrading of
agricultural product wholesale markets in China[J]. Journal of Commercial Eco-
nomics, 2020(23): 5-8.

[17] Yi Shaohua, Nie Xinwei. An analysis and improvement of the regional
distribution of agricultural product wholesale markets in China: From the per-

chinarxiv.org/items/chinaxiv-202403.00235 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00235


spective of population density[J]. Journal of Commercial Economics, 2016(11):
17-24.

[18] Ding Jianjun, Wang Diankun, Liu Xian. Spatial distribution and influenc-
ing factors of specialized and sophisticated “Little Giant”enterprises in the
Yangtze River Delta[J]. Geographical Research, 2023, 42(4): 1009-1028.

[19] Wang K, Yuan Y, Chen M, et al. A POIs based method for determining
spatial distribution of urban fire risk[J]. Process Safety and Environmental Pro-
tection, 2021, 154: 447-457.

[20] Okabe A, Okunuki K I. A computational method for estimating the de-
mand of retail stores on a street network and its implementation in GIS[J].
Transactions in GIS, 2001, 5(3): 209-220.

[21] Li Jiangsu, Liang Yan, Wang Xiaorui. Spatial clustering analysis of ser-
vice industries in Zhengdong New District based on POI data[J]. Geographical
Research, 2018, 37(1): 145-157.

[22] Zhang Xun, Zhong Ershun, Zhang Xiaohu, et al. Spatial distribution and
clustering of commercial network in Beijing during 2004—2008[J]. Progress in
Geography, 2013, 32(8): 1207-1215.

[23] Li Yang, Chen Xiaohong. Spatio-temporal evolution and spatial agglom-
eration of Harbin commercial center[J]. Geographical Research, 2017, 36(7):
1377-1385.

[24] Wang Xue, Bai Yongping, Wang Fan, et al. Spatial distribution of retailing
and the influence factors in Xi’an City based on the street scale[J]. Journal of
Arid Land Resources and Environment, 2019, 33(2): 89-95.

[25] Qin Xiao, Zhen Feng, Zhu Shoujia, et al. Spatial pattern of catering industry
in Nanjing urban area based on the degree of public praise from Internet: A case
study of Dianping.com[J]. Scientia Geographica Sinica, 2014, 34(7): 810-817.

[26] Yu Wei, Guo Min, Song Jinping. Spatial patterns and trends of supermar-
kets in Beijing[J]. Economic Geography, 2012, 32(5): 49-53, 98.

[27] Chen Weishan, Liu Lin, Liang Yutian. Characterizing the spatio-temporal
evolution of retail business at transfer hubs of Guangzhou Metro[J]. Acta Geo-
graphica Sinica, 2015, 70(6): 879-892.

[28] Zhang Zhibin, Gong Weimin, Zhang Huailin, et al. The spatial agglomera-
tion characteristics and its influencing factors of producer services in Lanzhou[J].
Economic Geography, 2019, 39(9): 112-121.

[29] Ma Zhifei, Yin Shanggang, Qiao Wenyi, et al. Spatial equilibrium state and
its time evolution of medical health resource supply level in China[J]. Scientia
Geographica Sinica, 2018, 38(6): 869-876.

[30] Ding Su, Chen Baozhang. Rationality assessment of the spatial distri-
butions of urban medical facility[J]. Journal of Geo-information Science, 2017,

chinarxiv.org/items/chinaxiv-202403.00235 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00235


19(2): 185-196.

[31] Wang Xue, Bai Yongping, Wang Fan, et al. Characteristics of spatial distri-
bution of basic education resources in Xi’an City on street scale[J]. Arid Land
Geography, 2019, 42(6): 1470-1477.

[32] Ferrari L, Rosi A, Mamei M, et al. Extracting urban patterns from location
based social networks[C]//Jensen C. Proceedings of the 3rd ACM SIGSPATIAL
international workshop on location based social networks. New York: ACM,
2011: 9-16.

[33] Hao Feilong, Wang Shijun, Feng Zhangxian, et al. Spatial pattern and its
industrial distribution of commercial space in Changchun based on POI data[J].
Geographical Research, 2018, 37(2): 366-378.

[34] Xue Bing, Xiao Xiao, Li Jingzhong, et al. POI-based analysis of retail’s
spatial hot blocks at a city level: A case study of Shenyang, China[J]. Economic
Geography, 2018, 38(5): 36-43.

[35] Wang Maojun, Zhang Xuexia, Wu Junyi, et al. The spatial analysis of
cognitive map distortion in the scale of neighborhood: A case study of CNU
and BFU[J]. Human Geography, 2009, 24(3): 54-60.

[36] Wang Fan, Bai Yongping, Zhou Liang, et al. Spatial pattern and influ-
encing factors of the equalization of basic education public service in China[J].
Geographical Research, 2019, 38(2): 285-296.

[37] Shi Xiang, Wang Shijun, Hao Feilong, et al. The spatial distribution and
formation of takeaway O2O catering industry based on entity restaurants com-
parison in Changchun[J]. Human Geography, 2019, 34(2): 80-89.

[38] Ren Jiayi, Wang Yun. Spatial accessibility of park green space in Huangpu
District of Shanghai based on modified two-step floating catchment area
method[J]. Progress in Geography, 2021, 40(5): 774-783.

[39] Wang Jinfeng, Xu Chengdong. Geodetector: Principle and prospective[J].
Acta Geographica Sinica, 2017, 72(1): 116-134.

[40] Zhao Xuewei, Zhang Zhibin, Feng Bin, et al. Spatial differentiation and
location choice of logistics enterprises in the central cities of inland northwest
China: A case of Lanzhou City[J]. Arid Land Geography, 2022, 45(5): 1671-
1683.

[41] Wang J, Li X, Christakos G, et al. Geographical detectors-based health risk
assessment and its application in the neural tube defects study of the Heshun
Region, China[J]. International Journal of Geographical Information Science,
2010, 24(1-2): 107-127.

[42] Wang J F, Hu Y. Environmental health risk detection with GeogDetector[J].
Environmental Modelling & Software, 2012, 20: 114-115.

chinarxiv.org/items/chinaxiv-202403.00235 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00235


[43] Luo Zhanfu, Gao Xu, Zhang Yongfeng, et al. Research on the spatial pattern
and influencing factors of urban shadow education institutions based on POI
data: A case of Lanzhou[J]. Human Geography, 2020, 35(6): 95-105.

[44] Zhong Shaoying, Yang Xin, Chen Rui. The accessibility measurement of
hierarchy public service facilities based on multimode network dataset and the
two-step mobile search method: A case study of Beijing medical facilities[J].
Geographical Research, 2016, 35(4): 731-744.

[45] Yang Yongchun. The research on the developing model of Lanzhou: A
typical valley-basin city in the northwest China[J]. Human Geography, 2000,
15(1): 10-14, 19.

[46] Zhang Aixia, Ma Binbin, Lu Jiawang, et al. Spatial pattern and driving
mechanism of leisure tourism in Lanzhou[J]. Journal of Arid Land Resources
and Environment, 2022, 36(11): 200-208.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202403.00235 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00235

	Spatial Distribution Characteristics and Influencing Factors of Vegetable Markets in Lanzhou City (Postprint)
	Abstract
	Full Text
	Spatial Distribution Characteristics and Influencing Factors of Vegetable Markets in Lanzhou City
	Abstract
	1. Study Area Overview
	2. Data and Methods
	3. Results
	4. Discussion
	5. Conclusions
	References



