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An Empirical Study on the Spatial Effect of
Distribution Patterns between Small Business and

Social—environmental factors*
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2 An Empirical Study on the Spatial Effect of Distribution Patterns between Small Business and Social~environmental factors
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ABSTRACT

This research measured and visualized the spatial dependency and the spatial
heterogeneity of the small business in Cheonan—si, Asan—si with 100mX100m grids
based on global and local spatial autocorrelation. First, we confirmed positive spatial
autocorrelation of small business in the research area using Moran' s I Index, which is
ESDA (Exploratory Spatial Data Analysis). And then, through Getis—Ord GI*, one kind of
LISA (Local Indicators of Spatial Association), local patterns of spatial autocorrelation
were visualized. These verified that Spatial Regression Model is valid for the location
factor analysis on small business commercial buildings. Next, GWR(Geographically
Weighted Regression) was used to analyze the spatial relations between the distribution
of small business, hourly mobile traffic—based floating population, land use attributes
index, residence, commercial building, road networks, and the node of traffic networks.
Final six variables were applied and the accessibility to bus stops, afternoon time
floating population, and evening time floating population were excluded due to
multicollinearity. By this, we demonstrated that GWR is statistically improved compared
to OLS. We visualized the spatial influence of the individual variables using the
regression coefficients and local coefficients of determinant of the six variables. This
research applied the measured population information in a practical way. Reflecting the
dynamic information of the urban people using the commercial area. It is different from
other studies that performed commercial analysis. Finally, this research has a
differentiated advantage over the existing commercial area analysis in that it employed
hourly changing commercial service population data and it applied spatial statistical
models to micro spatial units. This research proposed new framework for the
commercial analysis area analysis.

KEYWORDS : Small Business, Mobile Big Data, Spatial Autocorrelation, Geographically

Weighted Regression
stolob @k mek aaEele] AfRe 714
N B 5o FRleta AYHd s EHRe
28Rl ASA - AAR AT 07
AFERlolt T 712, Al 2% 2% AL 78 e e oS HaE TA
of wet &7 T AAEEAE 107 m]Rko] Aadl B 9wzl #Ast HE o] A -+
1 gFE A 2EAE SOl dedEe® 4 £ H3 gk olg} WE 2017d 129 A
she 7les BT 2 AR 9Risith sHel A= THolE 7wk 334 &Adste] #g |
= Al - XA e E PO R sk vl ) & Ao H3)e AlEste] Tt
el ARl A 71EAE W A A 5 AAAZ stolw dlolE 7|Hke] AP E T

o Aepd FAHS Fa YA AZ IR ALARS mRsy 9



[e)
= =~

olt}, o]gfst MulA:s Fko] BAS AU
tloJElE 7|REC R o]FolX=t] 74 Hlo]
Elo} theFst o]FHolH o AdS Fall Fov
3 AR QAL E EZo| ypsslthal vhdEth

Son et al(2007) HTA HuleS tiide
2 AgUxd=(Kernel Density Function) £}
YA (Nearest Neighbor Index) S &g
sto] Huff SRS &3l Addde 23yst
Aot aa FAARE AEE BAgete] F
59 s 4709 FAEYgoE R
T3k Song and Park(2017) % 43t GIS 7

< olgsto] tidEIE Y AFAES THL
2 RS Adeelet 4Rl A
dstE e did @Al st il
71 W rAZE e Eojof el g
37} 7hssithal AlAFTh

J—}

N

1o

A

oox i

ok
» 12

O

i

REA

i

Frank et al.(2005)2 ©9]¥3Fe] &34
AJo]go] EAIN S HPLFS FXIAI7]AL TheF
sk AH[EAS 9] 3 dolA 7hsekAl sk
2 EXo]g Z3%(Land Use Mix) & %4
ox AbEste] Ao EYEE EAsIith
Lee et al(2015)2 349179 4758 71=
T90] EoRY EXolg =T e
AT EAseleH, f5l e 558 B3l 7t
2 U 4] o] §9elE FASE At &
A3 Byun and Seo, 2011). X3 AHS] <
A 7ol anjakd FAAE o FA el
7wkt Bargk AA (Tae and Rhim,
2010) %= 9lth. $kH Suh and Han(2015) ¢l
w2 kel H3E2] Q1A (Location) += 31
e Y Uehdl= a3t Ax F sk
el o]#fsh e YAEAHL sd e
o] g3s= -%5<17 (Floating Population) 2] ¥}
Hit o9 st BAE 7RI dE S0 £
< A theER, A, dishr), #eEAA
d 1AL v wijE fsdaE B 58S

714171 wEoltt(Baek, 2017). HESt Lee et

N

al (2003) & 449 A9 F e F5Q
To A AA® w3, Kim et
al(2012)2 714 A &4 dAT=°] 7HA=
e Aded AAT fEATY ABAS

) AT 53]

O = o0 [ IREA=1
A AT Aun JPolenAEe] Fed
A

AT ARE MR ZAVE &8 Aerle]
Q1T Aol vl FRtHo® 17.50) 4
Az @ fedT dHolHE ARESItE HEst
SAAY RS 10%5 vHEoRE o TR
AR KT FAIRES] FERlT HlolE 7F AEA
o] Q& dlolHAS AAISHSILE 2018d 3¢
B 4] (Forbes) 14 a7he
Advisory Services® Location Intelligence
Market StudyX 124 (Howard Dresner, 2018)
o]l =2 H]E=YA Qe H A (Business
Intelligence, BDE 3t Hej=A XHFR
(Location Intelligence) 2] 23S #|A|slar
Stk 53] #2349 (Geocoding) & F3F FAl
(Telecommunication) H°|E|7} 7} A4 &
del &8 719 el AR aE &
yAow AT 4 glokal ¥he|al itk oA
&l dHolHE 7, e, EAstar &gt
Aol ol a&Z0 JAHEAS sk el
A F21 BldolE] 7]HEe] f-E<l- HlolE 7} Hj
T f&stiths omjo|tt Eveke] A vizk
B2 71delA Z1A = IRk Eekd EEy
HE Fgsto] mAjAQl FhEele] f5<l
Hlolel s Aak 8l gastal k. mukd 7
&5 dHolHe FAZIREY FAJA F7
T, AR o AFRITels 2y s
FHoE A= TAVIS] E 'l (Behavior
Pattern) & ®F¥ek= &2 (Dynamic)?] Hlo]E]

Dresner

o E

=



4 An Empirical Study on the Spatial Effect of Distribution Patterns between Small Business and Social~environmental factors

ot}

Tobler (1970) 9] “#=J8te] 13 A (Tobler's
First Law of Geography) ©° W2 “‘BE
AL Mz AFdo] AR 7 Ase] e
"ol Q= A Hut ¢ & AFANES zte=r)
= 37 % (Spatial Dependency) S &
skl o® Arfstar vk o= FAP S
(Spatial Autocorrelation) 2] d&oz 54 &

Fk9) (Spatial Unit) o] #3E3F 2AFgQl A
9] JAAAH ] MEeS s TS
A BAE s dHe A
Sujolt}, 53] olst ¥+ A|AFE] A
(Cluster)©] ¥H¥3= o]
of tfigt g3kl w3t F3HAeHEE v=A &
|8 5 Qloev® olF Fx3 & F Qe 1t
3] 28 (Spatial Regression) ] #go] FQ
&t} (Choi and Suh, 2013). &3k &7 od
= F7l(Aggregation) & EloJE|7} obd $1A]
ZIRkez R E dolele] A8l qlo] =4 7}
ot Q) EA (MAUP : Modifiable Areal
Unit Problem) 2] 43S QA= nAlZQl
A e Aol HQSH(Kim er al,
2016).

ollg MetlA B Avi lmETYs

I:l 8i-Gun Boundary

National Standard Grid(100+100)

FIGURE 1.

(100m*100m) & 7|8ro 2 AAFEZQl FR
o] IR HRS SHstaL & Z
S B Zekd EETINES] A

17

1. 5o Hel

2 AT ¥ W8 FHEE A,
o}AA] K olth Lim et al,(2014)& =EH
= 3t Hel2 Al

fol
2 ogTe Wz A
@ Bokel S G 4% A4 o)

olet.
olel 3% A= FALE 249 AATF £

A wd YT FAGL] ETHYS HolA

B 715U AR} g o)ArEel F7k A

Heol 4 4ng sk
= Jde] A5t Wis

it o

Hal 94 248
HeFsluA A}

719 EBACl E91S AAEY meEkA] 2 A
:rloﬂ*ﬂ BAo] 7]1E 3719 MAUPS 24
= Hasgtsh| f8l 7 E

A d A5

Research Area



Small Business Shop Data 100m X 100m Standard Grid

Floating Population by Sex / Age [ Time-zone

Land Cover Building Data

Creating Grid by Building

Creating a Distribution Creating a Floating Population
Grid by Sex / Age / Time-zone
[ I

Creating Land Cover Grid
Type

Global Spatial Autocorrelatio)
Measurement
Moran ' s | Index Calculation

(Crandom ) (" custer )

Local Spatial Autocorrelation Measurement
Getis-Ord Gi* Calculation

Coldspot

Spatial
Diagnosis

Policy
Suggestions

(S(Ordinary %

GWR(Geographically Weighted
Regression)

Model Fitness Evaluation

Review of Local Influence
Relationships

Variable Calculatio
- Land Use Mix
- Shop Accessibility
- Residential Accessibility
= Traffic Accessibili

FIGURE 2. Research Flow Chart
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TABLE 1. Building Data and Setting Variables

Variable Data Source Resolution Year

Floating Population Time-—sized F loating SK Geovision 50mx50m 2017
Population

Residence Cheonan—si, Asan—si Location—A Legister of Building 2017

Accessibilty Store Cheonan-—si, Asan—si Location—A Legister of Building 2017

Bus Stop Cheonan-—si, Asan—si Location—A Legister of Building 2017

Road Network Itself Building 1:5,000 2017

Mixability Land Cover Map Ministry of Environment 1:5,000 2017
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2 o o value
) Moran® s | Index 0.408
| } z—score 23.958
‘ p—value 0.0000
3
%;« ‘ Observed Mean Distance 145.593542m
. } Expected Mean Distance 239.035976m
a Total Store Count 44,726

FIGURE 3. Moran’ s | Index of Small Business Distribution
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FIGURE 4. Cluster Area of Small Business Distribution
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TABLE 2. By Age/Time zone Flow Population Detection Grid Count and Daily Average Flow Population

Floating Population Detected Grids (Count)

Weekday Weekend
Morning Afternoon Evening Morning Afternoon Evening
20" s Man 38,973 39,223 39,065 38,657 39,065 38,981
20" s Woman 38,051 38,682 38,240 37,254 38,240 37,977
30" s~40" s Man 43,685 43,746 43,397 43,223 43,397 43,326
30" s~40" s Woman 41,811 42,207 41,620 41,226 41,620 41,387
Economically Active Population Man 44 134 44 136 44,099 44,089 44,099 44 125
Economically Active Population Woman 42914 43,093 42,757 42 567 42,757 42,416
Floating Population(Average Daily Count)
Weekday Weekend
Morning Afternoon Evening Morning Afternoon Evening
20" s Man 87,231 156,942 108,543 51,233 108,543 139,066
20" s Woman 75,529 144,128 105,099 48,922 105,099 128,860
30" s~40" s Man 408,136 644,986 356,143 216,769 356,143 382,947
30" s~40" s Woman 270,691 501,391 335,098 178,329 335,008 315,176

Economically Active Population Man 741,465 1,181,965 717,377 431,238 717,377 735,880
Economically Active Population Woman 514,150 932,979 661,740 356,709 661,740 630,082

20 s Man Weekday Morning 20° s Man Weekday Morning
(Average Flow Population) (Adjusted to Total Population)

: ) o
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FIGURE 5. Example of Distribution Change according to Flow Visualization Method
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TABLE 3. Comparison of OLS and GWR Analysis Results

GWR

oS Min Mean Max VIF
Intercept 0.062021 —-12.12433 —0.938352 3.074177
Morning Flow Population 0.018775+ -0.07358 0.007205+* 0.042109 4970
Night Flow Population 0.019589+ -0.23074 0.153811+* 1.625866 4,701
Residential Accessibility -0.000107 -0.009789 -0.000139 0.017986 1.147
Store Accessibility -0.000103* -0.001077 —0.00009* 0.011582 1.115
Road Accessibility —0.000083 -0.035864 —0.003704 0.000611 1.093
Land Use Mix 0.034425+ -0.001874 0.043344* 0.103393 1.505
R2ad. 0.242 0.331
AlCc 50665.2 50411.5
Sum of Residual Square 889608.7 845109.8

*:0.05
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FIGURE 6. Local R* of GWR Model and Regression Coefficient Distribution by Variables
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