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Abstract

Based on POI data from 2019, 2021, and 2023, this paper takes 21 cities in Guangdong Province as
the research object and employs research methods such as spatial kernel density estimation, the
Theil index, and interpretable machine learning models to explore the changes in the spatial distri-
bution development pattern of commercial formats in Guangdong Province from 2019 to 2023, and
analyze the influencing factors of the spatial distribution of different commercial formats. The re-
search findings are as follows: 1) The spatial layout of commerce in Guangdong Province exhibits a
multi-center spatial development pattern characterized by multi-center contiguous agglomeration
in the Pearl River Delta region and point agglomeration of county-level centers in the periphery.
From 2019 to 2023, the hierarchy of commercial centers in Guangdong Province showed a trend of
flattening development; 2) During this period, the scale structure of outlets for different commer-
cial formats in Guangdong Province underwent dynamic adjustments. Specifically, the scale of shop-
ping service and catering service outlets first increased and then decreased, while the scale of lei-
sure and entertainment outlets gradually grew; 3) The spatiotemporal evolution trends of different
types of commercial formats in Guangdong Province varied during 2019~2023. The degree of spa-
tial agglomeration of shopping service outlets decreased significantly, that of catering service out-
lets first increased and then decreased, and the spatial agglomeration of leisure and entertainment
outlets continued to rise; 4) Theil index analysis indicated that the regional disparities in the num-
ber of outlets of overall commerce and the three major sub-sectors (shopping, catering, and lei-
sure/entertainment) in Guangdong Province showed a narrowing trend, with inter-group dispari-
ties significantly larger than intra-group disparities; 5) Analysis using an interpretable machine
learning model based on the SHAP method revealed that variables such as per capita GDP, popula-
tion size, per capita consumption expenditure, gross industrial output value, number of express
parcels, population density, and number of tourists had positive promotional effects on both overall
commerce and the three sub-sectors. However, the influence of different factors on various com-
mercial formats exhibited heterogeneity and non-linear characteristics. Variables such as per cap-
ita GDP, per capita consumption expenditure, and population size showed an approximately linear
positive correlation with their corresponding SHAP values, while non-linear characteristics were
more pronounced for other variables.
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Figure 2. A spatial kernel density graph of commercial outlets in Guangdong Province from 2019 to 2023
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Table 1. Changes in the structure of commercial outlets in Guangdong Province from 2019 to 2023
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Table 2. Changes in the size of area-wise commercial outlets in Guangdong Province from 2019 to 2023
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Figure 3. Kernel density difference map of shopping service outlets in Guangdong Province between 2023 and 2019
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Figure 4. Kernel density difference map of catering service outlets in Guangdong Province between 2023 and 2019

B 4.2023 712019 FT FERAMS ML EEEE

) MR TR A
e oY FIRARIRRPOI2023
# 52019 %ZEEEE
Bl NERFTH
Bl 6-1
-5
6-11
12-18
19-28
I 29 - 42
I 43 - 68

Figure 5. Kernel density difference map of catering service outlets in Guangdong Province between 2023 and 2019
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3R 2019 0 2023 AF R LA FT = K40 2 B ES POT #UE1 Theil $8%0, 45 R IR ML
1 T = KL 2 POT HEE 1) Theil B0 B ZERESE /N 2H 18] 22 8 07 2K 41 8 22 FE K4S AE (L6 3).
kB AR Theil FEEUM 2019 £E11 0.417 FFREA 2023 411 0.297, TR R F% 40.4%; P02 N
) 22 S DT R AR A AL IR FE /N, 93 BIRZI0M 72%A0 28%, EHILES KA PO B (e /N K42 1Al
ERBR, MANMERARFH . W= KA IZT Theil 8505, RN G RIGIXEZE FROR, HIKA
BORS AR, = K45 MkZs Theil 15 %5050 A\ 2019 £ 0.490. 0.480. 0.386 TF&Jy 2023 41
0.371. 0.364. 0.258, W&/ 5 T 32.1%. 31.9%- 49.6%, ] WL, WAMIAR S WA i X ek 22 S 1 4 /)N
R =R Z AL, A EFEHE K TFHNESR.

Table 3. Theil coefficient of Guangdong commercial POI from 2019 to 2023
% 3.2019~2023 1 Rk POI B9 Theil %

E KM [HRIAEREN BIRRS PRI SR Jlaky/JiE 3
PSRN 0.417 0.480 0.490 0.386
2019 ¢ 18] 0.299 0.351 0.349 0.275
HN 0.117 0.130 0.141 0.112
Sk 0.337 0.398 0.426 0.300
2021 e ]| 0.245 0.292 0.311 0.215
HN 0.092 0.106 0.115 0.085
JEREN 0.297 0.364 0.371 0.258
2023 ¢ 18] 0.213 0.265 0.269 0.180
HN 0.085 0.098 0.101 0.078
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Figure 6. A kernel density graph of shopping service outlets in Guangdong province from 2019 to 2023
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S BARIRSS W RSB FEIR 2 o BAh, WL X TR T — IR AR AR TR X, H At b DX T il 7 DAL IX
YR IX A O I SUREE R X o B IRSS N R 5 JE i AR AR TG DR G, 2019~2021 4 R4 B SS
W SR 25 AN K 5B, WA B Th, B M 525 AN/KM? ETHE] 535 AN/KM2. 2021~2023 4E] %
RS s SRR A BT B, B s A 535 AN/KM? FREF] 393 /NKM?2. B L, 2019~2023 SFEHARE
REBYRREMREREE R LFHE T ERERHE.
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Figure 7. A kernel density graph of Catering service outlets in Guangdong province from 2019 to 2023
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Figure 8. A kernel density graph of leisure and entertainment outlets in Guangdong province from 2019 to 2023
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Table 4. Statistical description of variables
4. BEGHER

A CXDA FEARL BE PRt 22 R/ME RKME
[ERIASEEN A 42 183377.8 175493.1 41,902 692,954
BRRSS A 42 50869.19 53670.26 9303 189,714
NGELZER A 42 18443.60 20119.69 2755 80,924
T R 55 A 42 114065.00 103818.20 28,946 445,975

NI TR JG 42 25338.86 9934.68 14,382 44792.9
Tolk 7= f¢.7t 42 7787.03 10842.79 542.68 46259.43
PGDP JG 42 76848.12 47388.81 27,096 203,489
N B AP 42 575.65 406.28 202.37 1873.41
UN=ES)S APNA RN 42 1340.86 1556.87 165 6728
il NEL FINIK 42 1748.77 1625.01 167.75 6773.13
PR A Jit 42 111766.60 209994.80 861.1 1,013,081
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Figure 9. The diagram of importance of influencing factors based on SHAP method
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Figure 10. Dependence diagram of influencing factors based on SHAP method
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