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Abstract

Social integration is promoted in urban areas where diverse age groups gather and interact, reducing risks such as
elderly discrimination and isolation. The interaction between different age groups has benefits for social and mental
health, and social integration has a positive impact on social stability by allowing populations from diverse ages, cultures,
and economic backgrounds to coexist. Previous research on social population mixing in Korea has mainly focused on
identifying problems with mixing patterns or estimating the effects of social integration through resident perception
surveys. Furthermore, most studies have been limited to simple physical residential mixing, and research on age-specific
mixing is relatively scarce compared to hierarchical analysis. Therefore, this study aims to measure age-specific mixing
levels of hourly activity populations, by analyzing the influence of the built environment on mixing levels. This study’s
results are expected to provide meaningful insights into spatial age segregation levels, beyond categorizing simple

residential spaces.
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Table 1. Overview of data

- A2APt 2Rt 2iE|0|E2f KT SMH|0|HZ S8t
3 A0l 'S4 (2ol Exfsts 217

Rﬁzﬂfi The population existing in a 'specific area’ at a
cuibiedt ‘specific point in time' is measured using Seoul
) City population big data and KT communication
data
aAMXE Mg gysos )
Seoul (424 administrative districts)
area
ZAR7IZH
Research -2021.0601.~06.30.
period
- N2 210 M 0|S3I7LE ME 2|0l ME2 21 7
MEHEY 0I5
The movements of people traveling within Seoul
or traveling to and from Seoul from outside
S:g-!-_!ﬁ}ﬁ locations
mpling e x4 - 0l H
fegn.  SUNA o AR
Specific point in time : day, time
-EY XY X9 2HK| 7iE
Specific area - based on the origin and
destination
- 7|X =0l HAlsh= KT SUE 0249] MSE digeR
EAE HIolEE 718
Research  The data is processed based on the signals
method from KT mobile phone customers that are

aggregated at the base station

EALE - SL/E=XX[Q} AT, 01521, OIS Kt H/21F, 015

AQARE
Pessas) Origin and destination, time, number of travelers,

conies gender of travelers, age of travelers, travel time
- KI2A| 338]4|0]E| Seoul Open Data
FEAP - nEHTHE usEE
Research  Korea Transport Institute (KOTI) Traffic Polygon
institution . KTérEHE LTE+5G Al:l_'é
KT mobile phone LTE+5G signal
| - 22210 0|EZA Seoul Open Data Plaza
H -EE Statistics Korea
Sourceof °

data -5 YEuE

National Spatial Information Portal

Source: MEEEA|(2021) Seoul Population Mability Data (2021)
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Table 2. Description of variables and data sources

Variable Description Data source
AYYS, ARE YSAR BB B
ol S1E0171 A I EBIXL Activity Population Mixing Index by Administrative
i : s District and Time Zone
Weekday Activity Population Hourly Mixing
Index - Bola} o] $5 TjE0| ClaCks M TRislo BY FU=
e 7g N
[C)’ Ry Considering the difference in activity patterns between  G|0|&{Z%
Spendcnt kdays and weekends, the d ized |
aAl weekdays and weekends, the data was categorize Seoul Open
ot ol ARl S8t into weekdays and weekends Data Plaza
TEE0oL i = X . =lck e o o =
Weekend Activity Population Hourly Mixing ﬂ;’ﬂ glﬁ;gsaj;lZBQJ US7HXI. 20| =242 Ut 29
Wit a=E
Index Index ranges from O to 2.8, and a higher value indicates
a more balanced distribution of population
FHXH A - AHSE FAXS HE(km?)
Area (Residential) Residential area by administrative district (km?) -
- =/1&8
Aeix|of pix - S ARIXIS] B (k) Hexe
Area (Commercial) Commercial area by administrative district (km?) National
EXplE o = - i
. Betxjet o1z} dEeE B ) Rl
Land use Area (industry) Industrial area by administrative district (km?) iy
characteristics ~ =X|X|H Hx - M EH = X)X HE(km?)
Area (Green) Green area by administrative district (km?)
OHItE HRE(%) - OHILE 4 / TAMZE 2~(MICH) A3
Percentage of Number of apartments / Total number of households Statistics
apartments (%) (household) Korea
Sele BARR - HHS, Aol 22 SAX| 5t
Indqz)elzndent Total number of Total number of employees by administrative district
variable i ; At
olasiat employees and industrial classification. e
£4 Qg - A ol EV]=ropsy
Population Population Population by administrative district. Seoul Open
characteristics = Data Plaza
Elgelﬁ opulation The number of population aged 65 and over by
YPop administrative district.
RlsHhA - RS K|tHe1o| 4 a7
NESZ Number of subway T_he _number of subway stations per administrative PS[EeL
EN stations district. National
Traffic =28(%) - SRS (2R A IS 0IRL) Spetal
characteristics  percentage of roads ~ Road area/Assessed value area by administrative Information
(%) district Portal
08 AM - Dummy 0, base variable
09 AM - Dummy 1
12 PM - Dummy 2
A ARICHE
Ho|s#s £ 13 PM - Dummy 3
5;’}22?3’ Timeofday 1gpw - Dummy 4 i
characteristics
19 PM - Dummy 5
22 PM - Dummy 6
23 PM - Dummy 7
A2 AWEex] oFHEL 720 s P _ 2 2
o Yot FHUSE AFSEA PARETIROR 9T oo =62, [ (o, +oF ) o

&o] HHAo|t}, T} ICC gko] 5% v|Rte.2 ol A AT
A GeEY AP SHEDE AMShe Aol vl E 4= ok

(ABE-FE, 2017), ICC= 4] Q)7 2ol 4 4= Sirt.

02, HATE zpe] Hak
or A AR FAS AHEL
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ohE 3l A ¥ 7 QA S BA1A] W) o8] =4
Sk S|ARAS dFold ¢ EAdA= &4, o7 A4, of
A7 37 £493H random intercept model & AR&-3131
A9k, o] AR QIFER]}R|Ro| v 2= o] o
£ 24517] Y3l olF AIZHR Uiro] tEalARAE AN
515t 599 SHUMSE random intercept model}
o, olFAIZH ol (& 3) Zo] CuHsE HAFsI 7
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Gt = 2 dollA ARBS ¥iR0] 7| BA A datold,
FENee SHRe EXOlE B4, QA% B4, el
549 Hat, gk, AR AT FE5HeU S5
T A7 EFA4e] Bt 2,622 YEton, 247k 1.6,
FYgk 2.792 YERth EX|ol8 §A49 A 5A, 4, F
A, A "] Bt 2424 0.56, 0.81, 0.05, 0.07km* = L
Epon] Hoigk Ha A] =X]2]9 HHo| thE EX|o]l & 54 H
AEo g2 A& G 4= ol

Table 3. Travel time variable for multiple regression

0|SAIZt Travel time M2 Variable

08 ~ 09 AM Dummy O, base variable
12 ~13PM Dummy 1
18 ~19 PM Dummy 2
22 ~23 PM Dummy 3

Table 4. Descriptive statistics of variables

CEIAEY A THERAAS S| A8 EAmRAS
(VIP)E SHg3linh. o B30) o an 2458 o 25 34
A A gho] 3,042 7H B9tor] AAHOR e oz 2
Helo] EYASE0) CEBAAY BAE 24 g RO T}
=i},

2. QEZ| x| 2M

1) X|=AIZE 24

20219 64 A1&A] AolF HlojElE E-83lo] 247] FRF
o] AIZHE QAT EFAFE (™ 1)} Zo] AlAEEc, Ho)
HoJALE QAT A7 w2 AL ulditt, A= E31A
FEATEN B, 4 BE A > AY > 24 > ot A7t
&0 2 W AERN7} A Uehiith &3] L o7
AleldtaL AzhE Tt EA| 7L BYRT 2 AoE Yeht
o} 202149 682 F21LH9(COVID-19) 717te2 AY 104] ©]
T ool A 295 T 229 o2 oRgtAZE Algt
59 o|Fo] Ho| TRt e Aoz FHH HY, FL
AFE A0] Tl §AL o) )

A, (& 5} Zol Y, T oAz S dERT] A
2 o|E2F, 7I2%, AFETE, FATE A 9t o]
H59 EAL AsraYE ZP3AY KTX, SRT EA4E =
ke 2|go2 JElT) o) ot ARdie) AtEe] Rle
2 7k g3l 9 FHer mo A EFAFTL EA U
U Aoz 275t

4, BY dEZH7} E2 319 Agoz oF, HAXT
A, FEAGeE Ugton, oF o7k dslrle x3
g A go] AEZT7} WA Uglth Y 24 QEZ N7} g2
34 Ngoz HF, A1, Jihs, F=23%, 7HREeR U

Variable Mean Min. Max.
Dependent variable Activity Population Hourly Mix Index 262 1.60 279
Area (Green) (km?) 056 0.00 11.78
Area (Residential) (km?) 081 0.00 285
Land use
characteristics Area (Industry) (km?) 0.05 0.00 205
Area (Commercial) (km?) 007 0.00 236
Percentage of apartments (%) 055 0.00 1.00
Independent : ——
variable Population (unit: million) 002 0.00 0.06
Population Elderly population (unit: thousand) 047 0.00 131
characteristics
Total number of employees
e 122 0.02 17.08
(unit: ten thousand)
Traffic Number of subway stations 0.69 0.00 400
characteristics The percentage of roads (%) 0.24 0.05 0.90
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Figure 1. Seoul City's Activity Population Mix Index

Table 5. Entropy index ranking by administration area (dong)

Weekday Weekend
Ranking
8~9 AM 12~13 PM 18~19 PM 22~23 PM 8~9 AM 12~13PM  18~19PM 22~23 PM
1 Dunchon?2  Samseon Changsin 3 Ichon 2 Noryangjin 2 Dasan Sadang 2 Ichon 2
2 Wolgok 1 Neung Seongbuk Gayang 2 Dongseon  Jeonnong 1 Oryu1l Bangbae 2
3 Guui 2 Jongam Gaebong 2 Suseo Apgujeong Suyu 3 Wolgye 1 Gayang 2
4 Ssangmun1 Jamsil3  Cheongnyangni Cheongnyangni Seorim Sangdo 1 Bangbae1 Cheongnyangni
5 Hongeun2  Sangdo 1 Sadang 3 Sanggye34  Yongsan2-ga Bangbae?2 Jongam Suseo
Weekday Weekend
Ranking
8~9 AM 12~13 PM 18~19 PM 22~23 PM 8~9 AM 12~13 PM 18~19 PM 22~23 PM
420 Myeong Gasan Nakseongdae Imun1 Jangwi 2 Yeonnam Yeonnam Sillim
421 Samsung 1 Myeong Sageun Nakseongdae  Sinsadong Junggye Sinchon Seogyo
422  Yeoksam 1 Samseong 1 Seogyo Sillim Daechi 1 Seogyo ltaewon 1 Nakseongdae
423 Guro 3 Sinsadong Hwayang Hwayang Changsin 2 Daechi 1 Hwayang Hwayang
424 Gasan Yeouido Sinchon Sinchon Daechi 4 Daechi 4 Seogyo Sinchon

gom Y HHMTEE 7HEE, BE, A81E, 2T NS, AT, 3E, AEE <02 URTh oRt 94 2F At
AYEFol AEZT X|7h w2 PPFo2 Uglth ol= BY I HlsH olE1E, H8dE, AEE, FE, &0 A=
e, A Qe 59 PFEol FE FTY Y- AFAYHLe B I AHOE Uit HY oF, ot AERT} Y2
2 AR 2 T o150l ol IERT A7t R o2 £ AT TS TR A HoR F2 20~30d AT ofF H]
D BY 2F AE2W7 ¥E AHo2e YAGE, A2 Fo| #otAERW H2 Ao FAH,
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Figure 2. Population mix index variation for commercial, business and manufacturing areas
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Figure 3. Population mix index variation for residential and green areas
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Adct, wekA ol2jdt ATHE vpgog EXolg, QAR u
5314, o1FAI7re BAEC] mAR | F§E v|A =9} B
A3} 2T A B of| v] A= GFo] th2x] B4 5} gk,

3. Mg 2M

452 random effects® 4443t random intercept
model& 53 4% 4t (& 6)1 Zo] olE Hi-8, =9
AT, FAREZE F2l0|d A UE BRI 4= 9lon oA
54 B AFERA o) B v|H = Aoz FIEHU,

A B4 % 335 B0l ot #AHIICO)= HY °F25%,
T 32%2 random intercept model2] &-g2| Elg/do] 3lc}
3 geEon Al SaeEol i g5 dEE>
Hdoj vlsf FHo] 2 A= eyt FU2 SET AT
PFAIZE F AZE E40] v|Aje Y= BYET R,
A2 5o /o] ¢ & HigE7] Yigo]H o] upt
FHdofl vlal] F=4<] ICC Flo] o ¥ 202 349t} Fixed
effects 5 EX|0]8 EAQoA = oIE HH-ET0] F 2 LT
oA FAALE F-8tA YEt ol ER & BY, Y
BE ) Ale 3 7HAH, oltERR-&o] F7HE A¢ &
A= B 0.042, T 0.0534F 718k A AT
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Table 6. Analysis results of the Random Intercept Model

Fixed effects Weekday Weekend
Intercept 26417% 2544
ICC 0.248 0322
Area
(Green) (k1) 0.003 0.003
Area
(Residential) m3) 0007 0015
Land use Area
characteristics  (industry) (km?) 0012 0010
Area
(Commercial) (km?) e 3R]
Percentage of g T
apartments (%) g 05
Population
(unit: million) L
. Elderly population - st
Population i 0119 0137
characteristics (unit- Motisond)
Total number of
employees -0.0207*  -0.006™
(unitten thousand)
Biwpberl, 0006 0004
Traffic subway stations
characteristics
The percentage 0.023 0015
of roads (%)
9 AM 0.050™*  0.049™*
12 PM 0.066™*  0.092™*
Time-of-day 13PM 0106™*  0.088**
characteristics PR 7o
(base variable il 62 BhE
18 AM) 19 PM 0.026™* 0044
22 PM 0.045™*  00B51**
23 PM 0.037%*  0049**
Variance 0.002 0.003
Intercept
Std. Dev. 0.050 0.057
s Variance 0.007 0.007
Residual
Std. Dev. 0.081 0.081
Observations 3392
Number of groups 424

wkn<0,001, #*p<0.01, *p<0.05

k. TR B M RRAATFTHE BY BRA BA
Hog qol3tA Uehyth QI Y, Y 2F %)
o] Alg= T 7HAH, =R1AF7H 37HE A A A Y
0,119, % 0.1379HF 7Pk A& ¥ ¢ ok AR
A HY, T4 2F SAHCE FostA et ()
Ae & 7Kk AR $71E 73S A ESE BY
0.020, 50,0067+ ZAA3h= 202 AR, vpxjge g

Gl oA S0AME 7 28 ZRoM BE HeE
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o] SAIH R o5 YERgT 9A~1941= F(+H)e] Al 7
& 7P W, 22419 2341 309 Als= & 7P

mebA] oRHE {83 QI ke AFERAIl
382 FEE A SRR oRIAIZH2A~ 234D ¢
TEGAG 72 JFE vl AT <= Tk

4, NZICHE 2 24

1) B AZiCHE 2

AAATE ZFoA= oltE FA-&, WkRIQl<r, FARE,
ol FAIZE B4l F-ouldt M9lS RIS BE Wl &
‘do] Zhal 7% |, o] FAIE AAE EFsH £A4F 23
I AR o] FAITRE Uiro] BAS RE o] STt F
&Rigo]| | 2)= FEFo) thER] B4 3] ot

O|FAITE AYPATE Fxdte] Y, FL 2H([BA~9A]),
HA12A~134]), AY(18AI~19A]), OFZH22A ~23A) 22 Uir
ek, o] FAITHE Uro] £4510] FUT 35 AJ7HE vk

Table 7. Multivariate regression analysis results

240] S 714e] Sl BA) ot cHESIARAE A831
o, B2 & 73 go] BY, 7Y By BE BAHoD §
ojahe Shlg 4= 9lck.

W A AN A3 EXEY SN B4
A WAzt ofubE He-go] BAROR GRS Bl 4= 9)
o}, =x129 WA BY AP 12~134 L8] A%E 7
Ao, 279 walo] Z71e A9 WA EIHE ZAsict,

whe, A3 o7k 9H(+)0] A% ghOR BA|X e WHo]
7R Ao QBT 278k R0 Uehdth of B4
A 7170] ZOIBOR W 12~134] ThE Ak} 7] 0] ol
AEe] o)Fo] How, HY, oIk vtk 7|20 A4
slo] AREEQ) o]5o| Wol ATERA| o] FAH g F
£ o 2% ohtE g Ee AU, ohA|Zho] ()
o] A48 7H4let, optEL ofglofol e wele] 0|27 7] th
ot A7 AFS| Welgk AUZ QYA ol AR ES F
2 ojupEo] vjg7] YEe] JTEA|Se] T S v)
e Aoz 2Ag,

Weekday Weekend
Variable
8~0AM 12~13PM 18~19PM 22~23PM 8~9AM 12~13PM 18~19PM 22~23PM
Intercept 2564%* 2 BB1F*  QEGEYT QAT QEQ7Y* DEEgEE g ET7RE 9 gp7
Area E; ] sk ik ik Hok * e
(Green) (k) 0002 0.008 0.009 0013 0008 0.003 0.006 0015
Area 0.007 0.002 0014 0021 0021*  -0.008 0030%  -0041%
(Residential) (km?) ' ) ) ' ’ ’ ' '
Land use Area 5 ) ;i y } " i
characteristics _ (industry) (k) 0014 0.003 0.026 0004 0.046 0017 0.002 0013
oles 0047 0030 0018 0019 0.003 0040* 0053 0072*
(Commercial) (km?) : : ' ' : : '
Percentage of ) i i i i
e %) 0.007 0011 0.072 0101 0.003 0.002 0.065 0142
Population ok Wk * sk hek = 2 o
(unit milior) 1983 2996 1651 2972 1889 0359 0135 2269
Population Eﬁg%ﬂg‘;’%‘)” 0070 -0055™*  (0203* (258" -Q060** 0108 (0202** (207"
characteristics :
Total number of
employees 0037 -0020™* -0017* -0.006 0.002 -0006*  -0012** -0008*
(unit ten thousand)
Number of -0.003 0.004 0010* -0015® 0005 0004  -0007 0016*
Traffic subway stations
characteristics
The percentage *
ot 0011 0015 -0.067 0057 0.003 0017 0023 0058
F-statistic 3978 3258 37.80 1582 6.485 8572 2320 2213
pvalue 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Adjusted R-squared 0314 0271 0.3029 0.1489 0.061 0082 0208 0.1996

*0<0.001, #p<0.01, *p<0.05
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