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Abstract

The consumption service facilities (CSFs) are the important engine of urban economy develop-
ment. This study selected the point of interest (POI) data, and adopted the methods of coefficient
of variation, average nearest neighbor index, kernel density analysis and correlation analysis to
analyze the spatial characteristics of the CSFs of Yangzhou based on the spatial data analysis tool.
The spatial distribution and the influence factors of the CSFs were concluded. The results are as
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follows: 1) The spatial distribution of consumer service facilities in Yangzhou is characterized by
aggregation. 2) The distribution differences of various consumer service facilities in the selected
research area are relatively obvious. 3) The population density, the road cross node density and
the road network density have good correlation with the distribution density of consumption ser-
vice facility.
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1. 518

TH PR IR S5 Bt AR T 0 K R L G B, R I T IR S5 IR e R R Al ARk, BEE IR
LUFPOEIGE, MR T RERNLA B, I NI AE G R AL 5 7 SROBWH A B E . &
J7 SO IRINEETHE PIRSS T oK, H OB AT & AR IS A o] SR K55 o X T8 BUVH 2 IR 25 bt i 5
LrHeT (4 B IO 265 25 1 3 75 TR ARV AR, 1 21 IR 5% B0t 2 3 77 2 1) b PR 40 A m] DA EDWE 1 A B o L
GXARRFAE AR 31T 2 TR0 Jo BT P AR RIS i o 5 K 25 [RIA SR IR 0 W T8 S 8 8 B 2 ST R R 2 A L 2
SEERL, T A R SR T VR R AR R T A AN E L AR R AT A TR [N 4 AT DA R R R s S
M. HILFER SR E e S e BEMNE S, SR REAT R, v LA R0sE g R
WS M= L mE.

HAT, EAA R REPIT, FEER T 1) FT POI REWE, il S ks & & AH I 8]
POI (Point of Interest), AKX “XM#ERsS” , B —MEe R B FHUE L ERI)E. RiE. Ak, &%,
SR SUIREGE, @A AR, Hibk, SR S, FAISHEE, POl MR, NR/RiZH
IR T Re AR . 5K P[] T =l B POI Kt , X I T Hh Lo X R 45 80t 1) 0 A -5 3 T 2 1)
KRBT, b T A E DR IR SS B AR T N R SRR A AR IE S XM A 2 . B RAREE[2]
@M AT AR 85 75 TR 3 77 25 (R0 A% SR B2 R AT 8 A IR R AR 0 AT, FELIEA EXT POI i gt
17002, SR R T 23 (RS SR T 9. 2) ST 255 B AR, WAL &G 5 A 5T M DG IR 45 23 [T EAT 40 #T
S HICAS S5 [ 316 TV SR AT A0 A, e e Xof 300 7 T 5 5 3 DX 265 P 42 o DX 4 Bl B 7 A 7l R o 3R X AR SR T 34 1)
JIR 2% 23 [ AR AE B I R, 0 38 R SR T 3 e k4t Ao 3) AT XA o B RS N I 45 £ 82 4 A 5o
T A SR o B E O [4] 35 T 5 1 0 28 A0 A G 3R 71 - R A A8 3 R G A TR ID A R 5. R
HVH 2 1807 T A AT 120 . B JBAE[SIAVE IR HH HATVE T, R AR 2 FEVE 20 AT R P R 55
BIGPATTEAS, [ S R P 23 TR A G5 A S i 4D 2 () S s Jmy PR 408 i 2 1) DA A S %o 308 7 7 b R 55 ¢ it
GIAT IR o

g LA, AR T S O RS B E I T A (I A A REAE, A BT e T 2 R R Y
AR S, BRI 5] S IR T 9% IR 25 it AT R PR LR R AR YR . BRI, AR BB R T
TR AT P RS B PO B, I SE EHAR, LUEMS &g &k, #—2
KR T AL 22 PRI B I A ARRAE . BRI 2 = AN AT (LE 1): 1) PPN RARIEE. BRI &5
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Figure 1. Research framework
B 1 fAIER

2. BIEEH=%
2.1. R FBEERR

PN AL TALIE R, RVL KL B G5 Fa 5 A T Bl s D2 3 i AR = 3k 7l
WoT, W ARS AR R, IR 9 RS AR R . DR, SRR T NI SN SR A A 2
25 Bt 2 (A% R R LS & o WA EATEX RIME BB P& 58N TS /KA A, 0T A HAUA
6591.21 “F 5K, 2019 SEATHH NN 457.14 J5 N, SR X AR 77 SfH 6048.33 1470, AHF 7L X35,
NN T ATV, SWOFETIT. 7R LH 3 X, k. AUE 2 NMEEAEN 1A, it 6
A B IX K

2.2. BiEKIR

AT A A AE E AWM. 1) POl $dl . SRIE T M TR &, @i Ruae s
TRF 2 X 3R 56 M 8 n B , 1) FH 5040 SR 4 T B 43 ) IR ESUAFF 72 905 [l P 4D 9 9% R 45 1 it PO 04l (L35 1)
wJa, FIH ArcGIS10.5 B x B4 AT A JF « 7BV, FHHihE ARy GCS_WGS_1984, iz s T
B, @ —#EABER. 2) Gt 8dE. M HATBUX R AR R & X s N D HERIE T M 1 4
R €2020 SFEGHELEY (W 2). 3) HMEHE. i OSM (Open Street Map) 3k B 4= [E 7 Bl P4 11 125 94
K, FIFH ArcGIS10.5 Ff i) 40t T BN A ] A0 5 4 0 T X 20 5 % i i JE AT 2 AH 38
SRAF M T B IR (0L 1] 2(2))s dmefia s X % X0 R A7 1 B DT s B4R L, g 0 S T R
F175 55 19818 N(ILIE 2(b))o & LA A0HR A, 5 S ok A% B0 20 A N 128 B B DX 35 B 55 340 71 91
e IR S5 Vit 2 0] 3 A B AH DG, TEF N T AT B X R A 6l b, K3 i 3 Bl B 2 km > 2 km 1) 25 ] 4%
HEAT R4 (WL 2(c)), St 5372 MR
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Figure 2. Yangzhou road network raw data

2. N TR R ERE

Table 1. POI consumption service facilities of the districts and counties in Yangzhou

=1 HMNTHEXERELE POl SHBER S &M

>z

e — —
0255 10 15 20

RN ﬂif»’;’

km

()2 km x2 km 4%

BIR k7] e A BBAR g R4 B feen
;& IRk 5 e ;8 IRk %5 k%5 M55 MR
TR 2614 7533 291 2953 235 661 379 666 15,493
T 3315 8559 409 2675 335 678 469 814 18,772
JTRIX 3961 9190 710 3785 533 796 444 827 21,213
T IX 6691 12196 1128 6727 974 1190 822 1910 32,953
TLHIX 3442 9841 353 4613 431 1020 687 962 20,937
AXAETHT 2387 7052 258 2917 347 562 433 607 14,828
it 22,410 54,371 3149 23,670 2855 4907 3234 5786
Table 2. Total population, density and area of the districts and counties in Yangzhou (2019)
2. GNHEXEAORE,. ZERETR(2019 £F)
X 45k ISYNEION) AR (P 5 T-K) NEEBENPE AR

JREIX 492,771 335 1470.96

T X 801,718 641 1250.73

TLHIX 1,037,440 1330 780.03

FRE 879,668 1462 601.69

AXAETT 557,163 902 617.70

Fe MR i 802,671 1922 417.62

Bt 4,571,431 6592 693.48
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2.3. W5AE

1) &5 RE

TEXT AR HEAT AT, Gl 2 R AR S RECRE R EAE MBS L. EMR RS T, TR A
#{(Coefficient of Variation, COV) XFx “BE#HAE" , MBS EBREL N —NMA—EE, HECh
JRIGEIERRUE 2 o 5 IR EE-FIE 1 I B 5 R RS T bRl S R RN R . A TR
FHAS 7 ZR KRN B 4 T % DX 2 N 2% 2808 2R IR 55 it PO sl (2 7

c :glezin:l()ﬁ_)z)z (1)

Y ou nX

Hep, C, NERZE, X, N I AXKEMREERMA: n ARG n AR FE.

2) P EE AR b

V14 8¢l 4l (Average Nearest Neighbor) 2 $5 & 8] f il 5 25 ¥ 18 . 38 Fb v H 5 fealn A1 5 1)~ 24 B 2
5 BE AL 53 A 55 X AR T 20 st T (141 350 P SR A BRI L 2 R0 A% R, U P 38 0 B K T A 38 R g, TR A
ANN >1, fU&RBEHG R, WINPFEEEE/NTHUFEEES, W ANN <1, SRR, fESChrM
FAH, ANN AT DU 5 35 11 78 2 IR 25 0 78 3R 1T 2 () H R 0 A REAE, SR B TR IE & /il TH S5 3
H 5 NS, PR 2 (NNObserved). T34 25 25 (NNExpected) . 403 LER (NN EER), Z 155>
FPAH. “FIyiamsdl” RmHE 7 08:

ANN = % - @)

J/A
FiRAKA, D, REANER G HRITMER M MNP, D RS T 48 2 2R ] 1 T
SFEIERES, n ONDORER SR, A BT IR

Z 1373 5 RS 25 8] F M SR 0 T e ik 2, A0 el Z 190 W UARERER TR, N IERRACHL.

PRI AR Z 4550 BT 55 50N
Do — DE _ I:)o — DE
SE 0.26136
n?/A

Z= ®)

3) E Lot

B LAY TH(kernel density estimation) & fEMEZ G T R ETHAR M KR, & TARSE Rk —,
FH Rosenblatt (1955)F1 Emanuel Parzen (1962)$2H:, X 44 Parzen i (Parzen window). F|FAZ 28 FE A5 115 R 4E
AT B FE AT 404, 1) DABE S N R N, 582 R A S5 BT SO FE R 2R % T o
o AR ArcGIS10.5 BT R AR B LA, R RAR 47 T %390 2 IR 95 Bt PO s AT 4% % e 1t
SR, A R T B IR 5% Vit e S A I I 1) P Pl I BE AT I . A BEAl T BT AR

(%) %ékh(x_xi):n_igk(x‘hxij (4)

A, f ()RR TALE x RS THE, h BN 98 (bandwidth), O R, R
IINTHIRSANEEAT %, BUEBN, TR, B X Z, n AR TG R AR

4) MRV
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AR HTIEAE SPSS GLit A BdE b ik — . AR MAAEE MK R, HEERE
%, AUECRMEE, P O RAE R, T EER] FAH 57 Aok 23 B I AN AR B 2 [R] AR AL 34 )
— M, WARRANTEBES L B2 WX RN EZ BAFAESE —EMR R HRXRETT
154 Pearson i FEAHOC R $0. Spearman S5 AHC R4, Kendall’s tau-b S5 20 FH ¢ R =

AR FIE ] Pearson f&] ARG REGHAT N VEJE . BRI 5 5 52K R1TH P R 25 1t POI 2 5 AH Stk
I8, E— RN B XV B A % Bt 7 AT UK 520 . Pearson fRi BAHSG, HARARZEAESG, =&
DL [ G2 12 5K /R b i 4 i 44 B TR VMEAR DS B J7E, FTRE BEBUE LR B A SR R A
A i [A) () B2 R A 5% BB SR AL B 2 (RN 7 ZE FIbR e ZE BT, THR A RO

L -00-Y)
=X I (- )

MRRBIIME: 20 <r <LFRRPIHE RBALIEIEMK, -1<r <ORRENEAHIL, r=1FIR5%
BERMEIEMDORR, r=-1RRERRMETAMRR, r=0 RREAELRIMIE R MHIXREL 5
Horhror PEUEE Y 0.8 <|r| <1 HF, NPT M A B m ARG, 0.5<|r|<0.8 Fox AR K,
03<r| <05 FARMREEAAR, |r|<0.3FARIGREM.

3. HBERSREHNZER L
3.1 HBRRSRENTERR

I XM T POI RV PR S Beit b AT A8 e R TH, KR 3 fos. #2890 T iRk %s
Wit POl 5 B T RS 5 R RS, MWRBVNIF IR YO : RS RIS RHEURSS
BRIRS « AIEMRSS RS BEITIRS . MRS . M 4 Hhaf DUE H & X B POI £yl 27 ik 45 it
BRRBHEAKR, ENEERREE RN 0.43, RRFENE POl sSHHE S HFEE ok, BN %2l 2%
IR 55 Ve Tt A A ZE 3K

HRAE 5 28V P AR S5 Vet b, I F047 M0 T B AR IR T 30 9% I 5 B0 £ 2 [R) b (1) 0 A 2 SR SR, IE R K
B, BOZBENLI . R GIS 2 (A7 20 b b (R P 3 sl A0, sl A v At R R A R
T3, T 7 2 A 55 it £ 25 )1 () B 203 EE 26 (NN EE2R) 2 0.12, ~F- ¥ WL PE 25 (Average observation distance)
9 22.00, TiHISF¥EE B (Expected average distance)ly 172.61, Z 154 4-584.25, H1t AT W47 T4 1ti v
RS BB AR 2 R R E 23— AETRRE LA 5).
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Figure 3. Statistics of coefficient of variation of various POI consumer service facilities in Yangzhou
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Figure 4. Statistics of variation coefficient of consumer service facilities at POI points in each district and county
4. HEXEA POI RiHBRRS LS R B ST

Significance Level  Critical Value
(p-value) (z-score)

0.01 mm <-2.58
0.05 @m -2.58 —-1.96
0.10 =2 -1.96 - -1.65

- [2-165-1.65
0.10 =3 1.65-1.96
0.05 mm 1.96 —2.58
0.01 =m >258
<« e
Significant Significant
Clustered Random Dispersed

Figure 5. Summary of average nearest neighbor of urban consumer service facilities in Yangzhou

5. MM HIHBER S REFRIEMLEE

PAE 73 A1 5% T3 M1 T ¥ B R 55 B A AR AT (R P Bl A Mo BeAh, ARATIE 4T TR W)
MG« IR IREE R IR SR S5 B R P 2 Rl AR TSR S5 R e Wk 3 P, T 3 55 Bt PR iRl 4R L A 2
NT 1, HAP RS BT ARt /N 0.13, X RV BRI SS Bl (¥ 4 AR 2 BB i), K
R AETE BT B BRIT TR BRIRIRSS Bt SEIR o, ST B IR 55 Bt A S X ) 2
BRS Veit, LT A B — RS2 UG . X BE— P B T M i R R E R A, A
ANAE T (0 i S HEAE TR
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Table 3. Average nearest neighbor calculations for various POI consumer service facilities
2 3. B POI SIEERSEENTHRIEMBHELER

el S5 IR S CK) AT 35 8E 25 CK) AR LR Z1MH P{a
BIRERS 48.63 388.34 0.13 -250.52 0.00
T R S5 32.70 242.15 0.14 —385.84 0.00
(EREESIES 179.12 1019.15 0.18 -88.49 0.00
GREENE 59.91 328.79 0.18 —240.70 0.00
IR MRS 266.14 918.73 0.29 -72.61 0.00
=7 R MR 55 166.55 715.59 0.23 -102.82 0.00
(RESESIE S 140.13 648.36 0.22 -114.07 0.00
RERIRS 204.26 851.58 0.24 -82.70 0.00

3.2. iHEZRBR S5t A9 = (B FFAE

GRS, MR I 3055 B 1 PO s 40 A ] 6 Fiorse MEISHTTLLEH, i\ Rl 2%
FRZ5VEHEN PO S50 F % AN K LRI — MR X I8, % 27009 9 R S5 B POI 55 A 5 AR,
L3 R R T b O X SRR B POI AR .y T HE— I T 4 K0 9 T 25 B b 2 0 43 A
Ve, UL B K B IR S VORI B B . TR, FIFT ArcGIS10.5 {5 B4R )\ K i
RS UG POI AE TR BEHT, B BT 2R 0 1500 3K, 3454 il 2 R 5 s 1 2% 2 [ 45
B 7(2)~(h)-

LSRR, R[] 09 R 45 BOME 20 T 2 L A 2 AR B 1) R IR Lt
TR, IR, BUE. U, AT, ETNIKCREME RS, FEA TS, S0 .
TSI K TR RN R, 2) KRS e L B ARG, . R, KA.
(RIS . BT 5 B X A FA P A, HETR IR A NGB, %X 35 A
WA, TLBHR SRS A, RIS IO E T3 A5 B S S R L SR A T M . 3)
MRS VG BRI . A MR R, FRILK A TRONI R RO, SUE AT R R AL
4) 18 KRS VG FBALE KTV, N0, L3RR 5. SRS 4 Ui T e A S,
R R AR RIS T SR AE IR T A s i . 5) AR RO E B A INEL 8. BE.
RE. BCEE. (ERR AT LTI 5 B X s AR, JURX B4 — Akt . 6) BT K% Wit
EEEFE AR, R RS BTSRRI Ah, 1B X SR 2 T —Ab e,
BN EES ., AR AT, 7) RECKRS YOGS BRI, . N, B,
5t B R S PR 5 B 4 KPR, 6T T ST P SR MM A 7. 8) Y2RS5 M
BRI IRZERLER . RO, PAEBEIEG, Wtk kR B A IR T, TRIXK S
T 4 P AL BV . BOR 4% X A — AL eI

BIG, N T RO IR WG M T P 22 A 2 5, U GIS BREEFR B4 4 770 T I
SR, B T RS MR A0 A5 (L) 8), % F8 SIS TIT U Bt A b 4 K R S e T
E AU I I 6 LI T A SR T . T DA B, 370 T 0 2 I 26 7 B s ) 29 S e ARG fr e
(4, TRLX SRt 5 R X RN T R, SR I 225 B 52 3, AT 2
7 A B T S5 AR AT R R
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Figure 6. Distribution of POI points of various consumer services facilities in Yangzhou

6. N & LKHERS R POI RO E

e kT e 1 P JRE—
0255 10 15 20 0255 10 15 20 0255 10 15 20 0255 10 15 20

(a) BYMBS (b) M5 () MRS (@ BRERSE

m

e o m——n KT e — o ———
0255 10 15 20 0255 10 15 20 0255 10 15 20 0255 10 15 20

(e) EFERS ) BTk (g) BERE (h) KER

Figure 7. Nuclear density distribution of various consumer service facilities
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Figure 8. Nuclear density distribution of consumer services facilities in Yangzhou

& 8. WM i iHZRAR 55 IR MARE B 5 70

4. HBRRRSZ R85 R AR R AT
41 AOBESHERRFZRHERAEXE S

N BERELIFA T 2019 4F 3 M0 XA TSSO Sl i i 3 oin) 1 48 5 470 1 T X 00 SO g
W SR XA DB, SRR R X s T A% REEOR 56 A L HEAT AR A2 (Intersect) b3, 45t k47 A I
MR E LI 9@). A iR, FNTX 57 BEIX N D EBOR, YOI . AR &,
FRHISTIT A B /e (R, LA SCHRER (09 PR 5 et POI Ml i R 2ERE, 78 2 km x 2 km (FIF9fs
A VT S R P O 9 PR 5 Bt POI AR, UMD SPSS HOPR P AU AR 6 4 BTk AT A
S R 55 B P AR O

Fl451
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Figure 9. Population and road network density analysis
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e 4 PR, N VER RS T SRR S5 SO L 2 R AOAR R R 80 0.154, HIAHSR REUKPERT AT Jn, 4
0<r <1FRIRMH R AR NLNEIEARTS, BT S TR A 1 K8 22 B 90k v ¥ 9% I 55 BE O 42 26, AT
AT 2 TR

Table 4. Correlation between population density and density of consumer service facilities
F 4 ANOBESHERSZ RS EMEXMY

FHRE

TH B IR B 2 UN=E
B IR bR R 1 0.154"

T B R 55 Bt 2 Sig. (W) 0.000
= 5372 5372

BIRAAHRAE 0.154™ 1

UNEE )3 Sig. (WE) 0.000

== 5372 5372

** 78 0.01 L HICWE), HxMtEE.

4.2. BMEESIHRIRS RS EAEX SR

T BRI R R R TN R B Yt . B R RN, SR NS (S, R T 2
I 55 0t F) 2 TE0 A Joy o R 238 0 AT (ML 9(b)), FRITIX . JTRRIX S TTLARIX =X (VI i o R e K, i
X R TETAZE 0L, TEBECEEE, HRENME . T, AL TS B R AR AR, R
AR AE R

KU, FIHT SPSS HAt: o3 il W TE I W3 88 L 58 SO w5 B 5 ¥ 9t i 95 B0t 2 JEE EAT AR OGP 20 #r, A
RIEDHTER WA 5 M 6. SRR, BT 71T R0 B 555 B IR 55 i 3 2 TR R A 5%
FH07399)79 0.185 1 0.143,  HAH R BB AT &N, GEBR T AR RE L BRI L S B IR 5% i
ISR R NN IEA R, MRV R .

Table 5. Correlation between road cross node density and consumer service facility density
5 BRTFHRAEESHEBERSEEEEHEXM

FHIE
T PR R TH B R 25 Vit 25 1
B2 IR 1 0.185"
TR R Sig. (WE) 0.000
AN EH 5372 5372
B2 IR HMAH A 0.185" 1
TH 9 IR 55 Bt Sig. (WJ2) 0.000
NERE 5372 5372

** 78 0.01 L HICWE), HxMtEE.
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Table 6. Correlation between road network density and density of consumer service facilities
= 6. BMWEES5HER SRS EMEX MY

FHIHE

TH B IR 45 Tt % P 5 P
B IRAMAR S 1 0.143"

I DR 5 P Sig. (W 2) 0.000
NEREL 5372 5372

B IR AMAH A 0.143" 1

TH 2 2% VOt Sig. (WE) 0.000

AN 5EH 5372 5372

** 1F 0.01 I (WE), FHRMEEE.

5. fiREiL

AT UL 5 KA ¥ 5t DLz i it 7y L 55 B0t POI Budls A PP Fi b » IR 237 2 km x 2 km
ST R T SURE o 0BT 17 47 M T 38T 7 972 IR 55 15 Mt 1) 2 TR0 A S DAR N L 6 ] AT 300 3 i 7 97 iR 55
BEt o AT BRI P AT T B FTE R R :

1) BMATE, M iyl i v 9 ik 55 it E B AR s (el A B BRI AR IORES, I 2 IR s LR
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