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Abstract

The population structure in Korea has changed due to the continued low birth rate, aging, and various social and
economic problems. This impedes regional revitalization; therefore, the national and local governments pursue policies
encouraging the de facto population increase to revitalize the region. Therefore, this study aims to reveal the factors
influencing Seoul's transportation accessibility and physical environment on regional revitalization by considering Seoul's
de facto population data by age group and activity time. The main research method to achieve this purpose is a multi-
level model. The following conclusions were obtained. First, the de facto population has different concentration areas
and influencing factors for each age group (young, older, and old). In particular, the higher the distribution of youth, the
more concentrated the population. Second, the better the transportation accessibility, the more concentrated the de facto
population. Finally, the spatial distribution of the population living on weekdays and weekends and the influence of spatial
factors affecting the density of the de facto population were different. Accordingly, when establishing policies for the inflow
of the de facto population, it is necessary to consider the total amount of the De Facto Population and comprehensively
reflect the differences in age groups, transportation accessibility for city residents, and the spatial distribution and degree
of influence between weekdays and weekends.
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Table 1. Factors affecting population density

Factors

Fopulaton Population, number of households, elderly population, number of employees, number of businesses, etc
characteristics . * : i AR
Housing Type of residence (public land price, non-apartment ratio, detached houses, apartments), residential
characteristics facility characteristics (old housing, multi-family housing, population), etc.

Transportation Distance to the subway, density of bus stops, density of intersections, accessibility characteristics
characteristics (closeness, betweenness), parking lots, etc.

Neighborhood facilities

Park facilities characteristics, educational facilities, living service facilities, retail facilities, accommodation
facilities, sports facilities, entertainment facilities, food facilities, medical facilities, access to daily living

EHAEE S demand facilities, etc.
LANDUSE Density of total floor area(residential, commercial, office, other, green, land-use mix), Seoul Plan (urban,
characteristics metropolitan, regional), land use (residential, commercial, green, industrial), etc.

Commercial district to traditional markets, etc.

Accessibility to development commercial districts, Accessibility to alley commercial districts, accessibility
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Table 2. The Variables for analysis

Variable Definition Unit Source
2022.10.3rd week
Weekday Tue, Wed,, Thur.
Dependent , (10-17)
: —— Defacto population ——— Person
variable R 2022.10.3rd week
Weekend Sat, Sun.
(10-17)
Older population rario
; : Number of each
Weekday Elder population rario gggrgroetjpf!tgfaﬁ |
Seou
; Young population ratio De facto ;
Prc])pulanon _ : — population)x100 - Metropolitan
characteristics Older population rario  Qer - 65+ é%vzezr)nment
: . Elder 35-64
Weekend Eld lat
eeken ler population rario Young 20-34
Young population ratio
2022.10.3rd week
Weekday Tue, Wed,, Thur.
Level 1 ) (1017)
(Census _ Numberofusing ——— Thenumber (of)
output area) public bicycles 2022.10.3rd week
Weekend Sat,, Sun.
(1017)
Transportation Ministry of Land,
characteristics Parking lot B ~ Infrastructure,
accessibility* and Transport
(2020)
i B Seoul
Subway accessibility Metropolitan
Independent ) Government
variables Bus density == (2022)
Apt+row house+multi The number
family house densi 2
Housing type A L[ (of)/km Road Name
Detached house Address DB
density (2022)
River ratio
%
Living zone park ratio
Physical environment Theme park density ~ Seoul .
Level 2 characteristics University density The nuTber Metropolitan
(Administrative (of)/km Government
area) Cultural facility density (2022)
Tourist street The number (of)
Ratio of residential
area
Ratio of commercial m;gzi%g{ul‘;nd’
Building floor area area - - and Transport
Ratio of green area (2022)
Ratio of industry area
* Parking lot accessibility and subway accessibility variables were calculated using kernel density by ArcGIS Pro
Yy =7+ 102+ ey +ruXZ; @ TR R Xolo] ole) ggslol eItk ()
e R %), 10CFe] 348 A 1 B2 Ao} AA Bhto] 27

LFERLESL o3 Aol TR EL o]8sh= Zlo] ulgz|s}
txpde pdo] HFAge Buslr] YA ICC(ntra A9 ICCEHO] 5% v|§He Ao thel4zo] 3 pdle AR
Class Correlation)gre &R1I8]oF it} [CCE F5R5e] & 8k Zlo] AgsicHe]3 A - =53, 2013).
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Table 3. Descriptive statistics
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17,585,702 AAjH o2 2ZHrl= 27 Bxsha 98- 3
kgt 15922 W=l oo AEIFHEL F5/F
T B FHEgh0, U 0.997 YERdt) AR Al FdlolE
= IR 8] AHEE A8 37 o]slel - F A= AT
o] o] gyol M= ¥E 022 AP}, ofo] wa}, g HA
g A= = YA =i A7t ol e Fatol
WEEA HeE AHEY, 5 $3AEAY Uz 1,391
A, B 32571082 yehta 0 FEAAALY Ul
9737, Wt 3.8971 0.2 Vet $59] Huigle] R

Variable N Min Max Mean SD
Weekda 0 17804017 1371161 373769
\["J;?ae&gem Weekenz D fato popdtion 1Bl 0 506, 7779 82113 175857
Older population rario 19,163 0 099 019 010
Weekday Elder population rario 19,1563 0 099 041 017
Population Young populationratio 19,163 0 0.99 015 014
characteristics Older populationrario 19153 0 099 018 0.10
Level Weekend Elder population rario 19,1563 0 099 044 016
(Census Young populationratio 19,153 0 099 016 011
) Weekday Number of using public 1614 0 1,391 3.25 18.09
Weekend bicycles ' 0 973 389 1917
l;i?gg?;gi’g Parking lot accessibility 191563 0 1023 071 052
Subway accessibility 19153 58 32798 5969 2112
Bus density 19,153 0 23202 336 683
e anprmtwiﬂvoEZng?;ﬂ}l ©4 0 14973 3429 2741
ool o geerﬁasﬁ:ed L 24 0 27313 1067 3088
River ratio 424 0 608 404 94
Living zone park ratio 424 0 851 130 16.6
Physical environment Theme park density 424 0 42 021 0.44
\ S characteristics University density 204 0 288 011 035
(Administrative Cultural facility density 424 0 1893 159 705
A Tourist street 24 0 4 026 066
Ratio of residential area 424 0 042 019 0.11
N ng;o oEchrHiReTA 24 0 047 0.01 0.03
Building floor area
Ratio of green area 424 0 011 0.002 0.008
Ratio of industry area 424 0 04 0.01 004
Ratio of etc area 424 0 0.04 0.001 0.004
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ARG o] FFAAALY 871 AAH R o g2 AR
lEnt, FAA A9 H5gh0, H9gh 10,23, Hagt0.71
2 AAHOR Aol FFslA] girfar wekE), Aehd A
A2 gk 5.8, HHEE3,279.8, Bk 596.92 A|3HH WA
o] Aol w2t & zjo|7} qlrkar vepdt), MARFAL] YWE
+ 2=t o, ARG 2,320.2, Bl 33.622 HAHTHO &
olgh X} IR A2 A He Apol7t An, AeHH HIAT
]33} ofAko & v,

270 WeE AWEY, 355 Wxe g o, A
1,497.3, Btk 342.9, HEHA} 274,103 =8 Y= F
$23H0, gt 2,731.3, Bak 1067, EFHA} 308 82 B35

2 dEFE R A og Wol UiEe 9l IS5
WA BESLL Q= AoR IRIFEY, 93 &4 549U wF
Ae] Mot EIAIA WO Hhghe 00]al gk 7} 2,88,
4, 189,302 A4 Wizo] A Rjo|7} Qlrk= RS ERIT
+ e}, viREte R § A% AW vES AuEY F
A2 A 0,42, F-gk 0,19, AE-S gk 0,47, B3t
0.01, FY-8-2 gk 0.4, Batgh 0,012 9k H|==517]
T BEE B FA80] 7P w2 AL I 4 Q)AL o),
MEA| AL AZE0] oF 74%A(FAA, 20024 71F) @3]
WgE Ao wekE

2. 35 -FUo| MR x10| W WA 2

FEI L] LA 2ol gt Zpo) 7t S-S Wel7] ¢
3 SRR A 6L A= (R 4)9F 2ol Yehsitt,
AL t=-16.428, p=0.00022 SAH o2 Fol51A4 e}
wiek wEkA A (1) AFE7HEE 7148k dig7de] Ao
‘FFU FTof wEh AN == Aol 7} qirketal & 4= e,

olof] whe}, FFuh FE AL YA YL FHE o2 uf
oF3l7] 3l SrAR EA41E AlFsIaL, E4dis (3" I
2ot FF U AR AAFH R AR ol AT A
9] A Q] By, 7, 23, AT ALY g2=A U
Bt o2 eI}, 50 FLY FARLE FFAHLE AL
3=AY 7Y, B4, AYeHlE FAHCE BEFH
34 AFA|T} FAl o] WEEoglo] AT HE
Ho}, E3L AxFea Jepi FAEH A F%E A g
A5 FEFR7E &I AlE/old, Fdi/2 Aol B
I7E AAEU, ¢, FLY Aol FAR, 9=
27173, w018 o] 4 - E3AA o] FEE ] = B,
7FE, e AL SR AT £27 AFE
of qlc}. WhHol FFat Fge| FEARS 7HEYre FH-+
2 ddjo] WA EE3eH, FF9 FEAR] HiFos
o] QA JeRfaL Qlek, o9} ol FFat 4] AR EE

Table 4. Average difference between de facto population on weekends and weekdays

Classification N M SD t(p)
Weekday 19,150 13116.32 37377.76

De facto population -16.428(0.000)™*
Weekend 19,150 8212564 17,686.74

*p<0.1, #p<0.05, #4p<0.01

B oo oot - 58% Confidence
I colo Soot - B5% Confidence
Cold Spot - 80% Confidence

Hat Elgnifican

Hot Spol = 80% Conlidence
I ot Seot - 95% Contidance
I it spot - 99% Conlidance

a weekday

I coi Spot - 98% Confidance
I coio Spot - 95% Contidance
3 Cold Spot - 90% Confidence

Hot Significant

Hot Spot = 90% Conliderce
I Hot Soot - 95% Confidence
I ot soot - 99% Confiderice

b. weekend

Figure 1. Result of hot-spot analysis
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ABR2- H|S3t FAto|A T njAH o g AwEH FFHS7t o
2A vepts o7} 3he-& BRI <= Qi

&A1Y 57 AgP oz A e, =4I Zdage] $14
e BEddE sase] QA vehdt) Wi, Aldda
SEHolE= F=230] WA Yehdth, 53], A sagtat
FEAgo| FE3h=), ol ABUTY A E#¥o] IS
Uebdich A dEe AFRY el B3l o7paAde] YT
oF Felte] JF B A9 7 BdFo] AL tiFus
AMu FHef AFER A3 F2A 5= Ao 23 (HE=
ANAZEE, 2023), o|2F BAFES AGHY] FEAIT 43
AL oI}, SEEE AY W diERige] FRaRu &
StAAo] FEoR ufe RESIAL tiFE AJdo] FAjsict, of
o, Az oz E3lgrf7t SUst | gog FEuFEo| J5E
7FsAdo] &t E3, FEAL E QR E2Au|ae) giF
g Mu|A7L FE3lR] Z317] g A2 RS2 A A
(155 9], 2023) 0.2 FhekEch

3. dEel7o ojxl= el

AR FFLAL EE3] %t SR F Y B
A5317] 913 ICC gt £4m ol He(RY) L BR15HAct
S5 F99) ICCE 7} 31.01%, 18.11%2}F R*E 7} 40,43%,
52.18%2 E=EEH ), ol AT AT G AP F
Aol &Jgt pol7k QlaL 72 FEje] FaFE AlARSEAL §)
o}, wpgbA] oheREL o] Ao B FAIsl] SRt AR
o epgsirta wokEn, £4E3HE FRAEF (Uncondi-
tion Model)¢l Model 15 1553} 24=0] ¥H= Model 2,
Model 3714 2t} o528 8195E(Level 1)FE AH$]
FE(Level 27 BAFFEQ 8 7] o] gurdos

E 30| vtdE 2F2E2 Model 3& FH2 02 2l5}
£ o] Fa3PHarsS £, 2023).

AT (& 579 Zon, 35 AUt JFgE v|AE=
aloz 1FZEFAPDANNE AFEAHFY, T4, =y
|3 HAFAUE, FAEIA, 33AEA o84 +71 &
ostA Uil 22(@A ) MNME 355, 955 4=
oF E3AA W, WPAL At FdE, 398 ASE g
o] fefu|gt Aoz RIS = Aol FFE vA=
8L 1FE@FAF) M= FdulE, sAFTEE, A
T4, 33AAA o184 = Fo] FASH Uept L, 25F (33
BelMe 355 U, £ 9, #EAE A, A
&, 548 AFE vl 5ol FYulshA =it Fd, A
B, FAEE, 33AA, 35T £S5, WA
2], 448 AFE 2 54 Y YU FFF R ¢
o R = aglof, ol gt QI a4 oh3a e,

AFERY AS, FFY FAulE, FHAHE, dnlE B
F BAAHCE Fouigt A og Yyt Fdn Fde vlE
2 FHY 9F, =dulE2 ()9 FFoE RIS, o=
A7 AR A9 FUT S vlEo] 52 s}
31, 53] vl AL 5 53764.56, U 25303,130.2
FEI T AT 7 £ S A= Y E +
2tk o] Aik= 20012} 3002 FAEAGE FWSo] EAY
Y2 Bolde Fad aqlojzta %t AeiE2021)e] A+
At} Fdsit,

HhHo] 32 eI WP WollA vlEo] Hal 2|4
A3t YL v1XA] BRI A = ), o=, =4
7t 7S AT o 384 9FE FA 23
£ Agate] Anel YFHAYA - 94, 2014). L9
Zrolle FauEt )Y FFeE FouisA Fel=i
ol ABIUE FUY BFF0] AolT Yuidttt. A&
5} oleAlda ookt Hn|EEE E2 + s 30 AEl A
7} tpeFstA| EARteL webs olF F2 olgsh= Aol F
Toll A== AR HEn, 7]E APAFet AR o)
87 - ol A E, 2016). BAFHLE FAI i 32317
AT, FFHIL oFe] o7[&Fof Higt Aol FIshAA F
Dol gA 7} AojA|= @/do] Ueht(A5e ¢, 2011), 22 A
Ao g o]Foh= AT 7t F7H difeta Alg), =y
9] ARolls 5 UM ()9 FFoR eI 998
Fo] AFHE AFA] QoA o]FoiR)7] WiEel] vehd dA
o2 ok,

E3, A3 FHESS TAaq EAdue} Zol((™ »
Fx) ML 34wt gyt oM Bk 2o 48 ¢
UHAZEEA], 2022). ©] AFEL FAHSAL B34l
FE oIl Fet At YA E AFsle] A2 350l B
o] Fxslal i}, vHH) SR Goll= A H o8 IHAFE
Az Aol YRIBHA] 3ol A7} wotESE AA| AFdH=
A Git S5F7to] FARH | wEefl(o] A& 7472, 2022) HW
%, TAISY YA QY o2 Fe Bl

WEE B4 gl HARFAEE, SE3AA ol&
A 8 FEIAEE 75 U FEEY 25 ()Y 9384
7 el o wE 3ol A ] 4s = 84
Y& Wl A dutet AT EEE 9], 2018; 24 9,
2021), FaleE 5 F vias A5HAo vlaf al=A] fEslar
Q3L 77k ARlE BARHOR o5 = Q= vl ARE F
e A7 ohoFslA ol webA EARSS A% g
i, £%, F5AA 5 ot SRR 2 HEsH o5 4= 3le
B, 3 2| G71A| 9] QA 7t S<dto] MARFAUET} =
S8 YUY FAS Atk AoE JEPd AoE ud
Aot HARFAUEe} tEo] F3AMA o84 £ A
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Table 5. Analysis result of multi-level modeling

Weekday Weekend
Classification Model 3 Model 3
Coef. p-value Coef. p-value
Intercept 16471.68 0.000™** 9,741.84 0.000™*
Older population rario -4463.2 0.006™* -783.81 0385
Elder population rario 282126 0.035" 86663 0.168
Young population ratio 53,764.56 0.000™** 25,303.13 0.000™*
Level 1 Ei‘é;‘;?ssr of using public 76781 0.000%** 467 66 0.000%*
Parking lot accessibility 2165567 0.000™** 1,470,656 0.000™*
Subway accessibility 177 0102 -065 0.186
Bus stop density 2198 0.000™** 1854 0.000™*
ﬁg;;rg’;"ezgﬁje"m“'ﬁ Gl 107 0.055* 393 0.074*
Detached house density 52 0.083* -1656 0.163
River ratio 4678 0.677 32.26 0.465
Living zone park ratio 8892 0.326 4629 0.194
Theme park density -1,103.74 0.572 -3619 0639
University density 1,498.06 0.548 2862 0771
Leveld Cultural facility density 26204 0012 100 0,007
Tourist street 760862 0.000** 2737 0.000**
Ratio of residential area 6,689.33 0717 2,567 0.72
Ratio of commercial area 264,344 99 0.000* 99,520 0.000***
Rratio of green area 110,297.09 0.261 73,360 0.061*
Ratio of industry area 49,469 08 0.038* 9,935 0288
Ratio of etc area 865793 0974 16,550 0875
ICC 31.01% 18.11%
R? 40.43% 52.18%

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

T Ul G vA= 8o ERIEY o, FEAAA
ol-go] B2 X TANIS] FFo| B Aol & = QL
BERN2] X} FFAHA 0]8-2 P+ BAR UHT A
TEAZ} Sirks 7189 AFATe YAk AR et
(AT 279, 2022). EJE ASAIY] FEAEA whgol 7t of
2 MR olFrToEN GGG A LA o] =
ctar A Et, FFAAAE AR Yk Altel] o8&
= Qo] 582kt AL 2% W) & AlFdhe 5o ke
FL-olgol, 2021), WEtA FFAAAE EAUES] S
FEAA AEUF FHA G0 AU FFE v|A= AR
AYE 4= o, FAEIL BFHEEL W At 5. 55
2165.57, = 1470.552 7 & 48902 Ve, Ayt
Hog FAF70] Pagt AEA EAo] wHgEo] FAHE
go] Bolgt Y Assh= AR AgE, A W FA
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2}H-20] 100%E 235 ke ot UHE R AL a8
7t ZIPPEHE BA7E 4 2415171 giEf (A4 <], 2020)
FARATAI0] F33E x| Fo] Aol FFFE =AA v| ek, A
SHAATAY] GokE L 89.8%2 Al 7to] e A] %A
g &()Q WPz, XA A7t Yold4E HEAF
YRef g3 AL vl Ao e, AFAHIA
o] AE4E EAZFHo| Tash= 7|20 AF-Ane} fAL
B3-S 2], 2017).

2FEFABANE 355, OEFY Yol FoiAd U
=, WA e, AYE 3UE 528 AFE0] o3t A
o= RIEct FAFE 542 355 95 Uk
33 FUEYoA 2(-)9] JFHAZ Yehdt), ol FA4]
A Uyt Fe4E waAle] gEo] ZyRIcH: dT-ATel UA|
e 9], 2022). E3E, AW O R Rt F2 FAR
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o A 9Bt R YE EESAAL, A+-2] 8 Ao ot
[OF2 thEat
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AIREE B A o] Agolsl7] miEel dPsE AgUT WA
o Al vl FFaYe] tEA HERE o= BIES
o, 53], BdS £¥7t 525 754 FU AT 2
ol JAENIL, =AF o 25 F FAA A2 EF
o] o] R = ALE - AA| A EA o2 Q3] W) &S viAA
% 2o YEith B U S AT, B

A, ERAIE0] FFE e AGoA Teel ol By
i, AT Tl =L A HOR o] F3to] L ABUT
Yol T2 vIAIA] el mEbA, A57ks et A 92493t
€ 93 ABUF APS £F7t BEo o 5, AlRHo=
TGRHAL T AFAF SR opzt TR, AT T
ohRt ST 54, 7H, £ 2 5 s A
o] =52 gFo| Wasit,

A, A Y oS HAAE vt wETe] A2 A
BRI 2o} BT BA7} Sl AL AU, FFAA
7] ol B agrTo R feo] HEslal gigals A
go] golshA] o2 A YollA ol s A S AL 5= %= F
A3 WFSLTOE, AT EXE WA= 890 2]l
Holdt diFiE 9 F A3k vls) =24 B2 =
HAE EARIS] FARZEE F2R|71A) 9] keilo] thefsin,
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Appendix. Table 1. Analysis result of multi-level modeling

Classification

Intercept

H 2

0 ey |
Appendix

Weekday

Weekend

Model 1

Model 2

Model 1

Model 2

Coef.
161221

p-value

0.000**

Coef.
16471.68

p-value

0.000**

Coef.
92749

Coef.
9471.84

p-value

0.000*

p-value

0.000***

Level 1

Older population rario

-4463.20

0.006™*

-783.81

0.385

Elder population rario

2821.26

0.035™

866.63

0.168

Young population ratio

53764.56

0.000***

25303.13

0.000***

Number of using
public bicycles

767.81

0.000**

467.66

0.000**

Parking lot
accessibility

2166.67

0.000**

1470.55

0.000***

Subway accessibility

= B

0.102

-0.65

0.186

Bus stop density

2198

0.000***

18.64

0.000***

Level 2

Apt+row house+multi
family house density

Detached house
density

River ratio

Living zone park ratio

Theme park density

University density

Cultural facility density

Tourist street

Ratio of residential
area

Ratio of commercial
area

Ratio of green area

Ratio of industry area

ICC

31.01%

18.11%

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