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Analyzing Urban Environmental Factors Influencing Non-commuting Time

in Seoul, Korea
: Utilizing Mobile Phone Location-based Origin-Destination Big Data
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Abstract

Recently, a growing trend toward developing urban plans that prioritize factors influencing travel time as a means of
creating sustainable cities has been observed. In line with this trend, various local governments in Korea are developing
policies to reduce travel times. This development necessitates attention to both commuting and non-commuting travel
times. However, existing research has largely overlooked the specifics of reducing non-commuting time. Furthermore,
historical limitations include the absence of accurate data for measuring travel times and tracking movement within an
administrative dong. To address these gaps, this study used big data on daily movement at the traffic polygon level to
analyze the factors influencing non-commuting times. This analysis has the following implications: First, a need to provide
facilities or services supporting non-commuting activities in areas with low average land prices and high proportions of
low-rise housing exists. Second, locating basic facilities and urban vitality-enhancing elements near residential areas is
critical. Third, the impact of subway stations on non-commuting times varies depending on their location, highlighting
the need to examine the efficiency of public transportation transfers by region. Fourth, because the relationship between
commuting distance and non-commuting time is inversely proportional, reducing commuting distance may impact the
increase in non-commuting time. Fifth, mixed land use that can meet non-commuting demands should be considered.
This study is significant because it uses spatial regression and geographically weighted regression analyses to show that
the relationship between non-commuting times and urban environmental factors varies by region in Seoul, and it provides
policy implications that can contribute to reducing non-commutingtimes.
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Figure 1. Research flow chart
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Table 1. Properties of origin-destination big data

Category Data content
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Arrival time yyyy/mmy/dd hh:mm (every 20 minutes)
e —
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oE d/0f
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M Al T
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HEEOR =)/ W(C A= F8)/
=S ECIEfX|HeR FH)
Mgt;?i — H (estimated to be home)/
by typ W (estimated to be work area)/
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N B 0ISAIZHE T
Travel time Average travel time (in minutes)
0|57 B 0I572l(m %)
Travel distance Average travel distance (unit of m)
ojso 4 :
1o 09T 4 BE)
Number of mobile ; .
population Total mobile population (people)
Source: KT (2022)
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2 Y& (Density) & AF8t¢edl, 9714 et 4E 7180
oz, Al 7|9 W g Wit} olof 308 oo} ekl A%
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Table 2. Definition of variable and data source

Variables Definition Data source
F=
EAHA HISZ = 3 T m Y= S50 A HE
oaT E@ AP} Weekday J'L%%EL_.E%I_ Icn_ o:g II_(T'_')
Dependent ﬁon—ool_mm s — Average non-commuting time by traffic KT (2022)
variables : 9 Fu-5 . polygon(minutes)
time Weekend & Holiday
o7 s WS AFX| B o] 217 4
Population Number of populations compared to the urbanized
ale density area of administrative dong
Density  ngac B ADJx| 21 o] 18017 4
Employment Number of employment compared to the urbanized
density area of administrative dong
AHSE Hd SAXPH1 042/ m?)
HAZAX7} v ki o ;
s ; Official average land price by administrative dong ~ Seoul Open
Official average land price (10million-won/m?) Data Plaza
(2022)
c=xy
) Detached house
FElREd ——— —
M Hlg  ZOMOIEY A FAHAME HE ojd] e f3d HIoiE
Total floor ~ Row-multiplex  Total floor area by housing type compared to total
arearatioby house floor area of all residential facilities
o housing type ot
Living Apartment
environment WEESIE APIX| T o] Mopd, 23, 0fE, STk 4
At Number of convenience stores, banks, marts, and
Living public institutions compared to the urbanized area
of traffic polygon
oz WEEAE AJIK| A O] HE, o= 4
- L Number of hospitals and pharmacies compared to
V& Ils Helimes the urbanized area of traffic polygon KakaoMap
Al B (2023)
=2l A Density of ¢, WEEAT AJIX| B | 2SI, HEEA
S essential Bt Number of cultural facilities and tourist attractions
Independent functions compared to the urbanized area of traffic polygon
variables facility
e REZ2AR APIR| D4 Ch| SAL, 71 4
= e Number of restaurants and cafes compared to the
Bestaurank cale urbanized area of traffic polygon
29 WEZAE AJIX| B che| S¢ T
Sark Park area compared to the urbanized area of traffic
polygon
I AR U HHES 71t & Ui AP 18 B i Seoul Open
Density of private car Number of private cars compared to the number of Data Plaza
ownership households in the administrative dong (2022)
Hsus HA WEEAE AZIX| T | tA Md| A K|
MH|A XS BUS Bus service area compared to the urbanized area of
al us .
el traffic polygon
Density of < - - o n
public xiap WSE2|T AZIX| HH | X|oHE AEIA RS Gihcckian
E.EWEN transportation s jbway Subway service area compared to the urbanized (2023)
Transportation ~ Service area area of traffic polygon
B frenel 5 BEE2 Bl B3 S3ARKE)
factors Azt i :
Tt Average weekday commuting time by traffic
£ =3 polygon(minutes)
COmmitE o REEADY B BF £ 742|(m) T
Distance Average weekday commuting distance by traffic (2022.10)
polygon(m) :
. REZ2A2 AIX| oI cfs| LB B Sskes

Trip density  Quitflow trips

Average daily departure trip volume compared to the
urbanized area of traffic polygon

46 B, 59 MBS (2024)
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Variables Definition Data source
e s B BB NI B o] U =5 SRt
aL?jnts; gggtlatlon 1‘?“ (?ensi ty ITr:flo;.v e Average daily arrival trip volume compared to the KT (2022.10)
iy P P urbanized area of traffic polygon
Ao WEEAE AT T O] HHE AL HAHA
Comivistai Total floor area of commercial facilities compared to
Al A the urbanized area of traffic polygon
Facility total
floor area oo WEZZ|T AZEX] HE EHH| e A"'\E‘_l HHE
Bt];iness Total floor area of business facilities compared to the
urbanized area of traffic polygon
A Z=H- f=t=
st THUHSEE  agsaimg xo) woig A oot BE Bt |
NEependent -l Total floor area use mix of residential and National
variables EX08 cqmré\erma commercial facilities by traffic polygon Spatial Data
Land LTS o mixed use Infrastructure
ESIPNRel=] Portal, NSDI
=X
geage So=  asEalmdsl oY geg AWoRmgsEE OO0
Land use commercia] S Total floor area use mix of residential, commercial
mix and business facilities by traffic polygon

business mixed
use

FHHIFEH 2=
Residential and
non-residential
mixed use

HEEIE FHE A, HIFEAHE AlE AHA 251
Total floor area use mix of residential and non-
residential facilities by traffic polygon

A 24E& ARSI Q= A2A19] W7t 53 Akl ol| |3
& UA=A] gRlst7] Y8 Qe iU M-S A4st
Sk, ZF Ui Ak = 5o HA o oJgt IS WA|517] A8l
EAuEEA0] A7ISE A siesto] ALt HatEAl
b e e R L FE& APtk MR 11y
515IcHPlaut, 2006). AZPHAoA = F8 Feof whet T Al
Tho] Aolgt Aoz EAE=ul(&8H] - AA4, 2019), BlE+
T AIHE 78 G0 wEt ohE ALR oidEe] 1 9
gQI5talA) F8 £ AU vl&E WeE 25l 9=
e, AY YIS, oER {3& TS| HIEE A4t
sttt A5 FAX L} F5FgE vlash] A8 dEFEE &
A MR AN,

712715 U A B H J8EE [R5 f8 2
83 EA] 7]50] AAS) BlEE 53 Al D5l 90l U=
A gelataiar W2 A48t tHMoreno et al., 2021). %17]
Al 71%27]6-& Moreno et al.(2021)°] 258 6712]9] D= 7]
T A Foll Ble B BRo] =AY, 9g, o7h A
7% s, 76 A Y TR ohaat 2 g 7]
o= oy, &9, ulE, FF7|1HE s, 9= 7|5oR
WY} of-g a3stal, o7} 7|58 ESAAEY WEELAE
skl A9 7102 SAH 71 E st F7H e
= o7} 71508 FU& s T Al FEE A9
81al B AJH Y TR M FE39E, 7P APIE &
&3t POL +8& B3l 55, Al ZiE Al7Ist |

A
2

ol

02 WirolFo| WER W4E FH3Igh 382 WA U=
E W5 F533

A Y 33 A 223771 7R 1aF B0l EAO]
o] tpdell 98 7] gZoll(els4, 2010; Cervero and
Kockelman, 1997), 7 739 o]o] i §3 547 EX|0]
&2 el E -3 54 Mee AV &F B, YiF
WF AEA Y EE, B2 Y AR AY, 5 d T8 Y
=2 AR, A7 o83 T2 v 8 A
= & 7 UHEA], 1999). olof B7F5E 71 <= oijn] =}
7h8 &5 di-E M2 A3l A7 ol 77 53 ARt
o) vjA= S TUStA B}, HA AElA XH2 B2
FAoRRE ¥ 400m Woll 3= Al7is H3 9] Wi, 7|
5H AElA 292 s H o2 7 ¥H3 500m Well 2=
AlZ1s B39 xR dAste] wEEeE g ALlsisic
(& -HA, 2015). B2 ATt W= B3 A7 SR
ol w2t vlE2 S0l ¥ e B T3] WAS=A
w4517] f13f AEHA (A EFE 2, 2011: Neess, 2006), &
= A ¥Mae 52 A A7 Aol vl 53 ARl A
= %S 8| ¢8l A43rHHolden and Linnerud,
2011), 94714 B B8 A7t A W= AEols ¥ldlolE
£ B3} ok AFR oA Tt AFER 29 o5 FHHW)L
Z Altsiar, Y &9 53 sl &Y ¥ 2k
L 290 B8 =09} FFOE SAGH Y] Gk 391517 9
8 M= AASHSICHEE 2], 2024 Kim, 2018).
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EA]ol§ W= EX|ol-§o] F3 ATt v|A= FFS &2l
517] f18to] Al UF- 80 Al AdA § TR 4
Aot FA4 = T4 &4 #eo] 78 -3E dUF 8
EoflA Ao} Mz u2slA] g}, TRt M FA4-
4, FA Y- A5, 28 FA - HIFAR 581 ookt
Aol g Egto] vlE2el v]Al= PFE FRISHHrHBoar-
net and Sarmiento, 1998: Li et al., 2018). A - G5 =2
S FA -3 - A 50 T JERY 2|55 ARSI of
2 4] )¢k Zo] AARIAAL, 0014 1719 & 7HA1A "t
P = 859 vl&E& YEhfal, nd 89 7ol 54 -]
FA% 4] 3)3} Zo] RNR A5 AR83I9.2H, R FA Al
o] AdZo|al, N2 H|FA AL dH A o]},

Land Use Miz Fadex = —igl%gu)‘r) @
rvm=1 -, )
3. EAapd 2 4y
1) 27EIHEN

£ A= FFA FLo AFANA S8k vleE 5 Al
7ol Y v)A= EAR 89S B3I 358 5
3 A7 B A7 S 7H A2 = o (A8 E -1
4%, 2020), ©]E Moran's I #22 RIS HAnselin,
1995). 21 d¥= (E i Zon| FF g 33 A
0.605, % ulFZ T8 AITH 05892 T GFo) 8 AL
= sttt wEbA 7 A7 RS Alold & A= F
ZHE S S8, 7S ES AQueen) WALE
AAsta, FHEAREA S AL F (Spatail Lag Model,
SIM)#} F7E@ A% (Spatial Error Model, SEM)®] $l=H,
T M9 B3 BTF 461 Akaike Information Criteri-
on(AIC), Bayesian Information Criterion(BIC), Akaike

Information Criterion with small-sample correction

(AICo)Fko] 5 WA mdd RS Agsto] £4 dijo] &&

# 3. Moran's | Zz}
Table 3. Result of Moran's |

Variables Moran's |
5 ok
0.605
Bawa  us2syay ek
Dependent  Non-commuting =ot59
variables time W:egeid 3 0.58Q ***
Holiday

*p<0.1,%p<0.05**p<00]

48 B3, H59H MBS (2024)

51gc} SIMS A(4)9F 231, SEM2 2|(5)9} ZTtHWard and
Gleditsch, 2018), 97|14 g &= F5H49 HlE 53 A7l
3, g Aol pe F1 A3 uibsola, Wi
37 715A) HEolt), T3 A2 A 84 7HO A £ES
LeH, €& 374 02 AFuhe]R] ok @ {Fahe vreRdct

Yy =Gtz pWy, +¢ (4)
B=Gtzlbt AWt )
2) X|2|7I58lHEN

Tobler(1970)2] “Zl2]3}t A1 27| wlet A2 7}7to] 9JA]gh
70| B =2 To] jlous A A3Rgo| E4TS
g & Uk olof FHA ArVdREE LT FAIAEAE
e, AT, S73ARE S 49 JAAIL =E 31
P AR)elA FLsHA FgAkar 7Pg3cHE7148- &
AR, 2019), o]#3t 3714 S =A1A Gl iz aig
7} E7Fs3EE 7 A Yol gl B AE AEH R ATt
A, FHA RS BT & e A7 2 S (Geo-
graphically weighted regression, GWR)& &-83lo] 9% &
Q18 #7120 2 HASF9tHBrunsdon et al,, 1996), GWR-
A 2 AY ] BFEFPOE JRFH B
TE FAY 4 U}, i wFEINN TS v mIle] =
e x71 Q1AL g SFAIolH, e7F A3 B¢, GWR
2 4] (0)7} 2ot A= Aol wE 7157t RojEE
), £ gFoXe 7FAIGE B ARSSH 715 A& Fofsial
(AAE 738, 2021), ZFER A5 ALE HHY 9%
(bandwidth)°] 2-8-=]${ct,

m
v — ;61-0—'_ Z]]-ﬁéj&j + €1 i=1,2,....m (6)
=

B4 2= AA e o AE Pythond R-4.3.25 AMNE-5}%
o F7HB|HEAEL R-4.3.25 ARSI AL, A7k 3R
2 ArcGIS prog— ARg8tg

1. HISZ S™ AZF HEX S22 24

FEHRLIE 57| $A, WS B, S, BEHA,
2|5l 2Bg 52 RIS, ik G 49 At We] A
e AEA WFETE 1,83170 4 Fo8o] HAskA] g2 270
£ A)Agk 1,8297001c}. 5 B1E B3 Al BH(54.568)



MEA| HIEZ S AlZiof| SEE DIxl= =AIRHE 221 24

H 4. 7|s5A2M Z1t Table 4. Result of descriptive analysis

Variables Mean Median 5:D. Min. Max.
&
BAAL ey oy Wiy 5456 5472 476 3700 8239
Degendent Nc:;:cc?mmult_ing time =arsol
variables TEw=
Weekend & Holiday 51.60 51.69 351 2533 68.18
o =]}
o EE. ; 30906 32074 10848 7.03 61398
o Population density
Densit -2 o]
y JE_n?pﬁ)fment density 17293 10949 169.51 1949 119873
HASAAP
Official average land price S5 B £E3G e &5
T el
el REE WA Detached house 4uzs 018 Ben 604 2
H|2
2. =l
Total floor area ﬁo%w—rﬁﬁi—:jx house 025 020 0.22 0.00 1.00
ratio by housing b
= &4 type OHIIE
Living environment Apartment 00 048 Lo 00 L
ﬁ\%ng 0.61 0.63 043 0.00 384
oz
IE IS Healthcare 0.67 0.40 097 0.00 16.40
A ele =
Density of e . 012 0.00 0.97 0.00 40.00
essential
i ility SAIX.
funations-facility gei, ;Z:?Lt — 492 342 515 000 5056
S‘a%d( 0.10 0.01 0.18 0.00 1.00
AU
Density of private car ownership 072 05k 8 D:0 il
|nd¢;§ndent HHATIZE  Bus 099  1.00 006 022 1.00
Vampks Density of public ———
transportation  Xl6F 053 061 039 000 100
IEEHEN service area Subway
Transportation A2t
and travel R £ ol 5996 6082 644 1900 8556
factors Sc &Y
Commute 2
e 757142 766469 149318 08825 1283163
oOFE EF
B = 52 ; 131.03 11892 81.71 023 74126
Eaf ol Outflow trips
Trip densi ool E3
P i ;#o?vﬁips 121.13 8484 123.64 0.83 2151.16
A4 Ol & o 023 0156 0.34 0.00 857
Facility total floor — =
area B 020 0.05 044 0.00 545
Business
F74ael Bpie
Residential and 057 059 030 0.00 1.00
EXjo| commercial mixed use
Land use e EHE
BESIE Residential,
Land use mix commercial and B WEEe R Rk ikl
business mixed use
FAHZ BBl
Residential and non- 048 047 027 0.00 1.00

residential mixed use
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2 FU(51.502) 20} of 38 71 AoE VeI, REUAE F

39 vlB2 B8 AlZtel B aA yelit 32 38Y A
Wt 59.9680.2, H]F 38 AZREC 71 AoE e,
e B2 A & 7.6kmYS & 4 ok, 12| AR F
713|123 Aesty] 98] SEM, SIME R5F BAsl] (&
5t Zo] 29| A=E BrIslgict. olof AIC, BIC, AlCc

®5 2 HET
Table 5. Model's goodness of fit

Non-commuting time

Category
Weekday Weekend & Holiday

Adj. R? 0.679 0662

Ordinary Least

Squares (OLS) AlC 9,361.97 8321.49
BIC 9,626.50 8,686.02
AlC 6,133.58 8,091.34

Spatial Lag

Model (SLM) BIC 9,403.63 8,361.38
AlCc 6,136.34 8,094.09
AlC 9,226.16 8,168.43

Spatial Error

Model (SEM) BIC 9,496.19 8,438.46
AlCc 6,228 91 8171.18

E 6. SZRAZNBUAAIZS) 2

Table 6. Result of spatial regression analysis (spatial lag model)

o] B ¥ £3E SIME
3taict.

B AEAE B8R HITE T Al AHH 9% 29
A2 750 FUE T8 AL, O diks (B 6)W
2. 1A, SHsY O534A4 £AE FAsh] A8 24
A4 (Variance Inflation Factor, VIF)E #918}¢11, B5%
8 TRt Fh& 7R B2 EAVE §le-S BRlstaiTt

B2 B3 At 9%E vA= FA 83 299 A=
L= e ] e A e el o R S B C Oo]:("“)
o] FAE 7Hl= A& B4EIEY, o= U U=t ¥
A QYT TRt EFo) Y= o] Ut T30 YAYE L, v]
T T AlZto] F7Ishs AR N & ‘?xl‘ﬂr(—f’-x}ﬁ e
3, 2021). 223 AQEEE FEH FEO vlFT 5H AT
3} gofat °k(+)4 WA A Aos RAEYT, 18 W%

FEFaR] B4l HFH o= BE

7Hethe 2 18 FANUS & 4 YU@AY, 1989), A
Sl 8 FARNUSS T IR B YRS, o5
Azbo] ZojAl A0 AT 4 Yk, AT U} 1§ U

£ A% WEsh ohd, A 40 WEES SR vIXE §F
& Itk 2ol 9107}k ArHMoreno et al., 2021), B
TR e o] BB B Azt 24

° A% 75T 7
She Ao BAESI BEBAATK T Aol Aubael

Non-commuting time
Variables Weekday Weekend & Holiday VIF
Coef. z Coef. z
ol 2l -
sl Population density 0.003 291 0.001 076 222
Density ni=X-Il= o —
Employment density 0.003 430 0.002 426 308
HASAXPL ok ok
Official average land price “Ls2d = 1513 g
FE FEE ANHHIE o2 Chllcy e - 5
g HEFE) Row-multiplex house ooz 203 iR ZIB AT
Total floor area ratio
by housing type ol } S5 } . e
'EZ ?n%% (ref. detached house) Apartment 2754 558 2287 St S
environment et ) % } L
Living 0.694 2564 0.449 219 322
9= o
Eicaltisie 0215 232 0.051 073 186
JEIIS AE EE
Density of essential ?njtte - — -0.236™* 270 -0.508* T77 166
functions facility
S AR,
SAS 7 0.016 0.72 0.016 095 2068
Restaurant, cafe
s 0.195 0.49 -0.654™ 219 121
Park
(Continue on next page)
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Non-commuting time

Variables Weekday Weekend & Holiday VIF
Coef. z Coef. z
weigds
Density of private car ownership ARG 42 BER R &
A
HHELLE MH|AXS 2= Ei 3376 299 3574 421 116
Density of public Hs
transportation service x|zi=
area gloti;@ 0226 -1.10 0.069 046 147
nEEYEY Sl
i 7t
Trarsporation ) ARzt 0353** 1368 0.232 % 1196 622
and travel EaEs Time
factors Commute 52l
: -0.001 *** -4.70 -0.001 ** 810 650
Distance
O%EE
S -0.001 -1.32 0.000 -048 166
Esfole Outflow trips
Trip density oo/ 3
TE S X Fedck _ ok £
Inflow trips 0.003 344 -0.002 220 342
oY
A ofoi= | 0.148 0.57 0.050 026 176
Facility total floor area oy
i 0.365 161 0172 104 2156
FHEY SEi
Residential and 1.066* 1.80 -0.694 -1.34 705
EX[o|2 commercial mixed use
Land use iz
o FHEY YR SR
2L S3iE Residential, commercial * |
Land use mix and business mixed L LY Hetd) L
use
FHH|IFA S
Residential and non- -0430 -120 0.012 005 226
residential mixed use
Gangnam-gu -0.689 -1.29 0373 -093 407
Mz KR
Ko H E{J,\' =247 Gangdong-gu 0467 -096 -0.301 082 198
sonuol SIEOUT’_GFU‘ ki
' - (ski
variable (ref Jungnang) (skip)
Gwanak-gu 0.011 0.02 0525 1562 236
p (rho) 0.443* 0.452**
constant 19,084 ** 24960 **
Num. obs. 1,828 1,828
AlC 9,133.58 8,091.34
Log likelihood -A4517.79 -3996.67

*p<0.1,**p<0.05***p<0.01

25 $F& 495kt (Plaut, 2006), TA5FYSTE Bl52
B Azto] Zashe o2 AN 4 ook 79 49 AW
2 ulg AvHs BEFE o] olutE A 31%01 o 2
U2 FZ3} Fure] HIET 3 Al7lo] B Aow Urt’rkt
o}, Egh dEFe o) Y- oY Awg u].%o]

A ApE 50 00| vl F 53 Al7to] B Aoz L}E]—
Wt AS FARE 3579l vl 715 Aldo] gL@gh; A}

AR Aol "ok BAI7F SlcHwThe] - vk,
2019; ¥i-85F &, 2011). Wb AS FAR AFH vlFE
T 0] tigh DA A FF o5 mekd et gl
gHE, &34 AU (2019) BFeAE oIE AFAL] Bt 5
= A7k 71 71 Ao wm e, £ A dafeflA vlE
= B A A9, e Y] Aart =E2EH Y ol
Fe 3o U 33y AIZ_ A= B8 39 ol "agt
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2 AARI,

71271514 BE9 Ak 50 FEY it AR g2
A =2E%=, vkE, HolH, 334 59 A8 g4 A
LTIt 228 75 8852 €8 N2 s, 2 1)
T 3 A 1tk A2 E4EI ol YUY v
T 3 ot 712 AR 715olA TR, F2 vl

¥ ¢ ARSI a0 o] SRt AT 4+ 3l
o, 2ea 97 Al 2Tt w2 F49| g2
T Al 25 A4Sk ZAoE EAE%IN, £ ul5 88
AR ¢ 9 W= folR ()9 WAE THE %ii’.i
45, o FU BF o7} AlHe] 87 2
= %o 3, Fhojl= 53] 399 A7 HIT 2 Y *17“34‘
Fo| 23 2UYUE & & QU o] A= AFAY o7t &3
o] HlEL 5 ARt Tl Y Ehs &4 - o5 Y (2010)
9] At Autel YAFI} Moreno et al.(2021)0] AIQHeH 158
EAQ] 8475 Al F 3l 9B AlES 75 vl 58
AR 7% ()2 BAS 7= AeE E4E%H £ A
Follx= BlE2 53E 522 AT 2 W= A3
7] il 92 Al FH2AEG OE Al gk Aol HlF
= 5% o & 92 v 5 U2 it A FF A
Folxle vle T8 73S AlEsist 248 3a7F it

F- 5y 54 82lo] F5H FLe| vFZ 8 Al |
e G T =&E I ¥ ARl UE, 52 5
A, 7 BY Ust AT SOY BAS A= A2 B
AEIIL, B A FOT F(HS BAE TR AR 2
AEQlc}, HARFE H2A0) F2TFHITZ T ARl 7
a8h= 208 BAH A= AT £)(2016) A AR}t A
ok, 2 T¥Y AT vITE S¥ A 5 BAL S
AR ql*ﬁrﬂb-tﬂ(ﬁ%—%&l 2011; Nass, 2006), 5 Azt
T vl ¥ Al BAA B4 5 BAs SAEEA 9St
o S AITo] A AP BE R FH Ao W AR B
AEQict, gHE, AFR|9 27 |27} st B2 A7t
A2E vET B3 Al ZojAle Aoz E4EI °]‘f.—
Holden and Linnerud (2011)%] 95+ A3k} fARBH] B
39| 4l w2 3 Sl vlAe 9EE AFHeE v_-/ﬂ
& dolnt, 7 T U= 22 AY2 W e w2 A
Aoz AT 4= Atl(EPEY 9, 2024), FB 87 w2 A
gol| AFShe AFRE 750 FL9 vl T3 Alte| RF &
< Ao ENE B o0t 22 AY2 BA BBl &
thal B 4= 9l B 2(Kim, 2018), HEE B3 A7 2o EA|
gejo] a3 2202 AF5F 02 4T Hijolr,

EZol§ 82 A= dadt 2ot 5449 &= Sl &
258 759 02 T Al BT, FA-A4Y- 45 &
E T ZEFE FF U TY Ao A= AR B

;gOL. P ]

1_.112.

50 TEEAE, 59 MBS (2024)

AE G}, o) EXo]S §57t EAE A QU-E vlE 53
AlZto] Zagtthe A Aot fARE ZifolchLi et al,, 2018),
FEole 52 SAX% d4E vlE F3o| F= dsin=
FA-AY- AR $=7 B EESE 652 B A g
off 71ofsk= A2 eyttt shAgk, 38 vlE 39 Al
Aol BEXol§ St} 5-oJulgt #A 7t eRtR] ket
2. H|S2 S AlF =X|H FfRol 24
A71E AP (GWR)LE HI5E B3 ARt 9% 1]
e =X 20& IAFHLE E43qT F5 232
6,185.02m tHHEC =2 EAEN, FY 2FH-L2 5953.88m T
oz FAHI, I ik (& 7 2ol BT, A
7FEEAREE 3 A wEEE S L 2R
L&el7] il Hgh g Het, FEUAR ARE =&
3t S ARANAE MR e Aert AEE A
of "l3f A7 tE3lARYES Aert wEEetEE BEE,
34T Hogke] £5& gelohy & HYE EAsks AS &
= it o]F B3 BlEt 3 Al Al a9l 7He) B
7F AZA) AGEE o sk F7HE oA ERIT 4=
et E3E AMEAQ wEEE 3] AI(Coef.) 44 A2
Sto] 71 o] AL ERIF 4= Sirt, BF AjH=e] A2 AlCc
g B3 A 4= 9=, SIM, SEMOfl B3 GWR 28]
AICc gto] @A &= o], F7aNE v avtzos s}l
o] 23t wyoletal & <= Qlrt, wheha] H %A AuHEgE ofy
2h, GWRE &83t 3213 249 datx a2y a7} gl
TAF FFRQ B4 A= o2 2k 4 i) [9d
AAGE BF S50 S8 de AR B4, o=
F5I 0 ulEE B3 ATl B v]AE =4S 29
o] 219ef wzt 2A k= AL ou|gict, 285 HYH g
Fagl B4 AnE st 27 P AT | A
A= o33 e}, 9A, 2553 54 Wl RskE Au|a
Y=o GWR A= (19 3)3 o] A= U A=A =4
R Q2 7 A Goils S5 20 HI1BE 53 A7 B A8t
A AulaA S Yxot 3(-)8 WAE 7HAL, TAHL H+)
o] TAIE 7= A8 BAEN AZAA gsol 7Hsdt
AP G2 o8 TRl AL itk (zotet 9, 2013), ©]
off A& EHAGL AHE QY MulA Prert 45 vla
2 A7k Qke]] o} o] 7hssiet, 17|t AT AEFF Aol =
SHAETL =] Slo], B AlZte] S AR FHH
SEANE, 2, A, S, A =T T AE o
A2 A8FA S Av|A Y7L Eral shej ek g5 380
o|A gL 53 Al ol 488 A 02 A% = it
Tho 2, T2 AR (OE & 2ol g2 AgolA F



MEA| HIEZ S AlZiof| SEE DIxl= =AIRHE 221 24

7. X258 HEA 20t Table 7. Result of geographically weighted regression

GWR coef.
Variables Weekday Weekend & Holiday
Min. Max. Mean S.D. Min. Max. Mean S.D.
ks 0010 0049 0004 0.005 0011 0026 0.002 0004
ale Population density ) ) ' : ' ' : '
Employment density -0035 0079 0004 0.006 0022 0017 0.002 0.005

HASAXI
Official average land price

O5{H 4HA H 2|, =E|
E‘"ﬁﬁ%};‘gﬂ) & ijﬂtﬁﬂﬁi house 12645 6067 -0808 2291 -17346 5413 -1128 2352

Total floor area ratio

-64.988 9910 -5188 6.067 -21492 11.748 -4271 4126

by housing type OHLE p y ) )
-L’F}\fiin.ig@ (ref. Detached house) Apartment 13724 2073 -2898 1600 -16018 1872 -2596 1776
environment Al
Livi.ng -3783 5266 -0668 1143 -4235 2160 0590 0834
oz
Healthcare -1405 3851 0348 0605 -1380 2183 0000 0342

RIS e
: ; 7t

Density of essential - -20260 3846 -0913 3.018 -270b67 9409 -0800 2247

functions facility ERErInment

A7 ) ;
Restaurant, cafe 0881 0309 -0.019 0.085 -0370 0336 0001 0.064
S‘Ek -2881 21067 0462 1672 -3.042 15025 -0131 1376
I8 A9 U
Dty o Plval oAt S -19.024 4853 -1.529 2333 -8424 9533 -1557 2157
A
EWE MH[AXS U= E' 21410 25864 0891 7.132 -33772 27442 -3779 5237
Density of public s
transportation =
Ser\fié)earea gﬁtﬁay 5676 2386 -0452 0860 -1.505 1870 0025 0692
nE-SNEY
i 7}
TeanapeIiEton i AR 0383 0975 0516 0216 -0362 0676 0330 0152
and travel £ =5 Time
fectors TR 7‘|_El -0.003 0003 -0.0071 0.001 -0.003 0002 -0001 0001
Distance : i g ; * 5 : :
OFE EH
= oo N § g
ssac Outflow trips -0014 0006 -0.004 0003 0014 0012 -0001 0.002
Trip density 20| 3l
Inflow trips -0.018 0010 -0.002 0.003 -0.009 0019 -0001 0003
Al ] ]
AP it Corfimieroi 4539 9468 1330 2360 6239 8805 0864 1910
Facility total floor area o=
Busitsse -4.424 7454 0407 1.176 -2040 8381 0602 1.128
MY SR
o Residential and 9257 9603 1232 2375 -17.728 5679 -0750 2161
EX[ofS commercial mixed use
Land use —
2 53¢ FHAH AR S

Residential, commercial 8824 6674 -1840 2149 -5980 14936 -0503 2205

Land use mix and business mixed use
FA | B8
Residential and non- -5091 4095 -0280 1.340 2413 2428 0449 1018
residential mixed use
Local R2 0270 0894 0634 0.093 0372 0903 0617 0096
Adj. R? 070 068
AlCc 9,.011.30 8,010.63
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Subway service density Coef,

B -568--1.00
M -1.00 - -0.80
I -0.80 - -0.50
-0.50 - 0.00
0.00 - 0.50
B 0.50 - 1.00
W 100-239

Subway service density Coef.

B -1.51--1.00
I -1.00--0.80
I -0.80 - ~0.50
~0.50 - 0.00
0.00 - 0.50
I 0.50 - 1.00
I 1.00-187

3 3. HiS2 S AZHol it XIGFE MH|AX|S U= 40 GWR 2| Al E: 75, 2: FY)
Figure 3. GWR coefficients for subway service density on non-commuting time (Left: weekdays, Right: weekends)

Commute time Coef.

M -0.38 - 0.00
0.00-0.20 -
0.20-0.30 it

I 0.30 - 0.40 i ]

M 0.40 - 0.50 x

Il 0.50 - 0.60

I 0.60 - 0.98

(Ernnlia

3% 4. HIS2 S8 AR i S2 AR

Commute time Coef.

I -0.36 - 0.00
0.00 -0.20
0.20-0.30
9 0.30 - 0.40
M 0.40-0.50
W 0.50 - 0,60
I 0.60 - 0.68

20| GWR A (@ 5, & )

Figure 4. GWR coefficients for commute time on non-commuting time (Left: weekdays, Right: weekends)
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3, 32 7S] 98 Aike ('™ 5 Zo] A, =
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Commute distance Coef.

I -0.0034 - -0.0016
I -0.0016 - -0.0014
B -0.0014 - -0.0012
B -0.0012 - -0.0010
-0.0010 - 0.0000
0.0000 - -0.0010
BN -0.0010 - 0.0034

3 5. HIS2 S8 AR tigt S2 72|

Commute distance Coef.

B -0.0026 - -0.0016
Il -0.0016 - -0.0014
I -0.0014 - ~0.0012
[ -0.0012 - -0.0010
-0.0010 - 0.0000
0.0000 - 0.0010
B 0.0010 - 0.0017

4=0| GWR 2| HAle= & 5, 2: 32

Figure 5. GWR coefficients for commute distance on non-commuting time (Left: weekdays, Right: weekends)

Residential, commercial
and business mixed use Coef.
W -88--40
M -40--30
W -30--20
-20--10
=-1.0-0.0
0.0-20
M z2o0-67

38 6. HISZ S AR Ot F-4Y-HF =

Residential, commercial
and business mixed use Coef.
M -59--40
M -40--3.0
M -30--20
m-20--10
-1.0-00
0.0-20
M20-149

=g Hpo GWR 31T (2L 5, 2 7Y)

Figure 6. GWR coefficients for residential, commercial and business mixed use on non-commuting time (Left: weekdays, Right:

weekends)
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RO FAET meth AMEAIE Ao Ae wErt
¢ diFnEe] ghs AEAHS AR A5t T3 AlTto] &
58 LS A 9T 2av) Qe

A, AEA1e] Y5 TR G E A QJstal, F2 Al F5-
F vlEE B AR gD WAE 7HRIE AR BAH
e, ol BA S8o] WAIRITh: ol dAeks tE X
o]tH(A 58t 2], 2011; Naess, 2006). 53§ Al 7H2 53 #=|e} ot
27 523 vlE2e Al A48 H, wE N =
A F7HFRe] G ol 53 AjTto] W AP RE /39 5
Y Aj7to] 71 Aoz EAET, olof T3 A7 Tl 7|
T Sl EAEE 290E A RiYshE RE 539 33 Akt
daol a7t e AoE WE, T, 2 Al AEA
Y5 QTR HE A|Qlstar, vlEt A A7k v BAS
7= Aoz BAE 9t o) Holden and Linnerud(2011)
9] A+ Aol FARH B2 53 Aol 2352 vlsE T
AHE 771 AE 7R 4= 7ol B2 R Hle 2 B
A AYE AN d= olet B2 % Bat ol 3t
A9k T3 Aje; A7) WAl W] ko FFS T
7] wEol aFThE AT F7HA Y £A4lo] Wasitt, E3E,
AAo] YR ARG thE x| HET B9 i} =S5
of, vl T3 ATkl thg 52 Al AS ] 9 A=
AT B a7} U3 AAKRI

A, AAE Bk 3 ddez ALt 74 53
Yo} Bl5 B3 Al AT B0l Y AoE EAEHS
o}, AA 55 A7 o] 2 A9 ulEE T 5327}
Wil EA0] FElo] & Fo & MY = U=tl(Kim, 2018),
A8 o] 2 A HUSFE vlFE T Alfto] Fadrh=
Ao}, olgjgt Aik= EA| S SN = Sl =AAE
8247138 A7 A 719 8-S AR

ANA, 11§ e A4 $E EET) w2 A9Ye
£ 359 vle2 3 A A UehAR FA -4 - dF
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ed] FAAA Qo) AF-8 AlHE R4S AR, vlEE
TRE TFAE & Y= TR 829 EFF EX|olg-& 1
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4 AT B Ees AEA AR FFa T8 et
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€ HSZ 788 EF 198 & Sl EXo]§ A o] Hadhe
Al ARz,

T, & A= BARY] B8 Al 9% vXl= A &
A& AR ZHlvth= A1 7H, EAIA 8 ZofolAs =

56 TBEAE, 59 MBS (2024)
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