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Abstract

This paper aims to analyze changes in urban space use due to social distancing measures for COVID-19 using
de facto population data in Seoul during daytime, which is estimated by Seoul Metropolitan Government and
telecommunication company of KT using public big data and LTE signal data. The result of kernel density
estimation and spatial autocorrelation analysis shows that the distribution patterns of de facto population
in 2019 and 2020 were generally similar. This is a result of showing that the government's social distancing
measures enabled a certain level of normal activities while suppressing the spread of COVID-19. However,
analyzing de facto population subtracting 2019 from 2020 showed different results at the micro level. De facto
population decreased in commercial areas but increased in residential areas. This means that COVID-19 social
distancing measures had spatially uneven effect. The results of analyzing the effect of regional, land use,
economic, educational, and accessibility characteristics on the changes of de facto population using spatial
regression analysis are as follows. The higher the density of commercial facilities, the more businesses subject
to regulations and schools and universities that require non-face-to-face classes, the more de facto population
decreased. Conversely, it was found that de facto population increased in areas with many houses and parks due
to telecommuting.
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o] o] 8- th(Kim and Yang, 2017). & Lo 4= ArcGISE
o] g5t ALUEFAE Fafsh, o] A9(x, ¥)IAIA
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p=— 2= W 1—(=))?] (1)
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where 0 is the density of location (, ¥); 7 is bandwidth, ¢
is 1, -+, n; WW; is the weight of point 7 ; and d; is the distance

between point 7 and location (x, ¥).
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where V is the size of sample; V; and Y, are characteristics

of i and j, respectively; ¥ is the mean; and w;; is weight.
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ol Agglte} Wzt
Lelg B Az} sk —E.—@,E © & A OLS (Ordinary
Least Square) 3] X g o]-golarx} ohy o]= okt 2
o] Lepd 4= Qlrh
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where y is an n <1 vector of observations of de facto
population as a dependent variable; X is an n X k matrix of
observations of independent variables; (3 is a k<1 vector
of regression coefficients; and € is the n X1 vector of error
terms with NV (0,0%1).
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where y, X, (3 and € are the same as the OLS regression; 1/
is a n X n spatial weight matrix; and p is a spatial regression

coefficient.
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where y, X, 3 and €are the same as in the SLM regression;
A is a spatial regression coefficient of the residuals; and /4 is an

n X 1 vector of residuals.
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Table 1. Basic statistics of de facto populations
N | Mean SD Min Max

2019 424 | 26018.2 | 18896.6 | 3204.5 |169553.8
2020 | 424 | 260322 | 17672.8 | 38832 |170596.4
2020-2019 | 424 14.0 3567.6 | -23279.6 | 11262.2
3.2 14
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Table 2. Description of independent variables

Characteristics Variable Variable Description

Southeast Reference group
Center 1 if Center, 0 otherwise

Region Northeast 1 if Northeast, 0 otherwise
Northwest 1 if Northwest, 0 otherwise
Southwest 1 if Southeast, 0 otherwise
Population density Population per area by dong (per square kilometer)
Number of housing Number of housing by dong (1000m°)

Land use Commercial floor area Floor area of commercial facilities by dong (1000m’)
Business floor area Floor area of business facilities by dong (1000m°)
Park area Area of parks by dong (1000m’)
Manufacture density Density of the manufacturing industry
Wholesale and retail density Density of wholesale and retail businesses
Economic Accommodation and restaurant density Density of accommodation and restaurant business
Education density* Density of the education service industry
Health and social welfare density Density of health and social welfare services
. Number of elementary, middle and high schools per area b
Educational School density dong (per square kilorl;lb;ter) : ’ ’
Number of universities Number of university by dong
Number of subway stations Number of subway stations by dong
Accessibility

Number of bus stops Number of bus stops by dong

* Excluding the number of elementary, middle, and high schools used in the school density variable in the total number of educational service industries.
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Legend
POPULATION 2019
<VALUE>

POPULATION 2020
<VALUE>

() De facto population 0of 2019  (b) De facto population of 2020

(c) De facto population of 2020
minus de facto population of 2019

Fig. 1. Results of kernel density estimation and land use map of Seoul
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Fig. 2. Cluster maps of local indicators of spatial association (LISA)
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Table 3. Results of Moran’s I for de facto population

Variable Moran’s I | z-value p-value
2019 0.2381 8.1114 0.001
2020 0.2311 7.8866 0.001

2020-2019 0.2666 8.8987 0.001
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2 Wolich of NS AABBATAIN LLAGOZ E  Table 6& OLS SAEAHS] o] LM-E AAlat
AN AT Fh4a HolRm glck AT BT, AE Reld Zelth 20199, 20208 YT
T AR Ao At W AT S AS. LM-Errorghe §-0J5F Wl LM-Lag GHe §oJ514] ke 2
2 ekt gl o2 ettt o= SEMe] SLMT} o Astei 2&
ofmfgtet. ofo] £ EA A Table 7o]4 Hol%o] SEME

4.3 Bl At ol §5te] BAHEITA S Alysheck
KDESLISA 42 50 S8 URATRES £ Table 59} Table 79} 2512wl 3, ) 29 5]
X0 §7ke] TAZ B3l 814 Az 7lo] w2 =4RSS4 SEMo] OLSC uls) AICS} SCGHS 2t Log likelihoodi=
FArol T WEHE A0 = shola 4 UUAN 818 o 7 ek} SEMe] OLSEE} o 231st majolehs 212
Aerle] TAA ak 3 O b E R T 2 R P S E T ERS RSP S

o] Wasieh. WA, B8RS Aeal] 9181 OLS 817 oJspl Lheh SEM ARgo] ebgstehs 21& wolam gl
E4 3} LM-AAS A8} Table 4= 37540 £213} Table 72 X, 201997} 2020 2o A 5-2J3k H4

W50 7|2 AR S, Table S OLS B84 A7k o] 29 Kol wispr} gli= 0.2 ehita glck o)
Aefat Flolck OLS 27144 A7), mage] Hwele 20199 3o AJ8ld Aelsy] 2Ao|= 2ok AlelEe] Fto
42020 F7HATAT w4 86T vhS- el et sElelA] WS} A etk A8 elnjgie A7
ok HHE, 202041 20199 APEALT BFo ARAES  olo] it AUHERg) 4 SelgRo] o] 2 o
045 702 of5o] Hlal) A Uehitth SRuSE Aol AlBld Aslr] 2X2 Q% F7ATRIT) WakE Al

Mo met oo oX mln

Ji O::__

o) THE BAIA S AL VIF gho] 7} e msol i do] = MK ERtHs HolA WS 7tk o] 2 Susp]
oF gk 7 b s Al ot Aoz alERleh s9H ffeliie AT BR] Al REE AvE Favt
TES I HY mEolM ARE AlQdstE iR WerE Qe Alee] RO R S dEE 3
ol A0 2 R 7] wjole}.
Table 4. Basic statistics of variables
Characteristics Variable Mean S.D. Min Max
Southeast (reference group) 0.20 0.40 0 1
Center 0.11 0.32 0 1
Region Northeast 0.30 0.46 0 1
Northwest 0.11 0.31 0 1
Southwest 0.28 0.45 0 1
Population density 24041.00 | 12072.21 34752 55506.41
Number of Housing 6587.84 2916.13 206.00 15587.00
Land use Commercial floor area 176.24 163.47 0.00 1313.34
Business floor area 123.38 332.83 0.00 361543
Park area 49.31 133.92 0.00 2287.66
Manufacture density 150.24 377.28 0.37 5796.99
Wholesale and retail density 535.12 1180.05 8.77 18555.30
Economic Accommodation and restaurant density 295.15 236.24 0.00 1618.84
Education density 77.66 67.46 0.00 794.49
Health and social welfare density 67.38 42.20 0.00 296.67
. School density 2.83 2.24 0.00 12.62
Social T
Number of universities 0.16 0.46 0 4
. Number of subway stations 1.41 1.26 0 8
Accessibility
Number of bus stops 26.57 15.36 2 107
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Table 5. Analysis results of OLS regression

2019 2020 2020-2019
Characteristics Variable
Coef. t-value VIF Coef. t-value VIF Coef. t-value VIF
Constant 567248 | 370" | 0.00 | 5393.16 | 371" | 0.00 | -279.32 -0.47 0.00
Center -6103.46 | -4.02" | 199 | -7183.16 | -5.00™ | 199 | -1079.70 | -1.85" 1.99
Resi Northeast -4015.04 | -3.64™ | 2.22 | -4781.15 | -4.57™ | 222 | -766.11 -1.80" 2.22
egion
& Northwest -4526.42 | -3.26™ | 1.61 | -5323.16 | -4.05™ | 161 | -796.74 -1.49 1.61
Southwest 2349532 | 312" | 217 | -4266.65 | -4.02"" | 217 | -771.33 -1.79 2.17
Population . .
density -0.09 -1.84 3.07 -0.05 -1.16 3.07 0.04 191 3.07
Number of . ot -
Housing 0.95 574 1.99 1.21 775 1.99 0.27 4.18 1.99
Land use Commercial .
floor area 30.48 9.47 2.39 28.38 9.30 2.39 -2.10 -1.70 2.39
Business - - .
floor area 28.23 20.76 1.77 2545 19.73 1.77 279 -5.33 1.77
Park area -6.59 2317 1.25 -4.12 -1.53 1.25 247 2.25™ 1.25
Manufacture -
density 1.80 1.63 1.50 3.07 2.92 1.50 1.26 2.97 1.50
Wholesale and
retail density -0.05 -0.14 1.64 -0.21 -0.60 1.64 -0.16 -1.11 1.64
. Accommodation
Economic andrestaurant | 697 | 274™ | 312 | 455 188" | 312 | 242 | 247" | 312
density
Education density|  1.36 0.20 1.76 5.57 0.88 1.76 421 1.64 1.76
Health and social
welfare density -19.93 -1.31 3.53 -15.37 -1.07 3.53 4.56 0.78 3.53
School density 102.82 0.62 1.18 -73.89 -0.47 1.18 | -176.71 278" 1.18
Education Number of —ox - -
universities 4072.84 | 5.16 1.15 | 1517.69 2.03 1.15 | 255515 | -84l 1.15
Number of .
o subway stations 1749.50 | 5.07 1.63 | 159827 | 4.88 1.63 | -151.23 -1.14 1.63
Accessibility Number of b
umsgpg US 125034 | 7.85™ | 207 | 25071 | 829" | 207 | 037 0.03 2.07
R-squared 0.8684 0.8647 0.4535
AIC 8730.50 8685.40 7920.38
SC 8807.45 8762.34 7997.33
Log Likelihood -4346.25 -4323.70 -3941.19

AEE Ak k

, 7,71 Significant at 1%, 5% and 10%, respectively.

Table 6. Results of LM-test Ho] F7HEelwr} v Art=s AL oum|sict a8y 24t

LM-Lag LM-Error ABATE 2 foalA) g Ao ® ekt 48 W

Value | Prob. | Value | Prob. i zbuelye] sk Aueld Hahis 502 Uekgh

2019 0048 | 0.8271 | 4.800 | 0.0285 E O] REAL Hw AFAA AT} QEAA edmEL 2020

2020 0294 | 05875 | 5067 | 0.0244 U7} 20194 27138kl ol Ao] od5k-S =]l 7 Ekel

2020-2019 15.386 0.0001 14.085 0.0002 ofi= Bo] oJgfe =1 7o & el o] COVID-19
o1 Ao A Al Ao B A el E Kol A

FUUS BEABOR ohz AASA Whe] A9 20000 7MITIT] Tt o A ek AL elelaie),

20009 W 4of AU ASE0] 20 7S WA 4 W4 20201, 20199, AEHATRIT mEo 4] e
folat Ao ekt ol SWs ulmstel T2 A% i 2102 Lehdr ol COVID-I9 o] % Fdlo] phe
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Table 7. Analysis results of the spatial error model (SEM)

2019 2020 2020-2019
Characteristics Variable
Coefficient z-value Coefficient z-value Coefficient z-value
A 0.16 217" 0.17 2.26™ 0.25 3.53™
Constant 5855.15 371 5456.27 3.64™ -480.84 -0.77
Center -5974.58 -3.65™ -7040.92 -4.52" -1050.57 -1.58
Region Northeast 304267 | 3207 | 470570 | -4.02° 750.88 148
Northwest -4341.20 2797 -5095.31 3.44™ -723.40 -1.12
Southwest -3267.88 2.6 -4032.78 -3.38" -772.08 -148
Population density -0.10 -2.00™ -0.06 -1.33 0.04 1.94
Number of housing 0.90 547 1.18 7.58™ 0.29 4.66™
Land use Commercial floor area 30.63 9.54™ 28.33 9.30™ 241 -1.95°
Business floor area 28.54 21.25™ 2572 20.20™" -2.85 -5.55™
Park area -6.31 -2.28™ -4.04 -1.54 2.16 2.06™
Manufacture density 1.92 1.75° 3.23 311 1.33 3.15™
Wh"lefizfsiat‘;d retail | 009 0.00 -0.14 042 014 -0.99
Economic Afgg;ﬁ%‘%ijé%‘;g‘d 5.67 2.26" 3.5 1.50 -1.90 -1.99"
Education density” 1.12 0.17 4.57 0.73 3.10 1.22
Hvsgllgrgn&ieg‘;ﬁgﬂ 14.43 -0.98 110,49 075 341 0.61
. School density 75.79 0.47 -97.21 -0.64 -169.51 279
Education : .
Number of universities | 3944.64 518" 1480.04 2.05" -2414.96 -8.40™"
Accessbility Number of subway | 156 17 490" 1547.10 474 12911 -0.98
Number of bus stops 260.02 817" 260.15 8.62" -0.46 -0.04
R-squared 0.8706 0.8672 0.4769
AIC 8725.89 8680.47 7908.07
SC 8802.84 875742 7985.01
Log Likelihood -4343.95 -4321.24 -3935.03
Likelihood Ratio 4.61" 493" 12.31™

weE wk k|

: Significant at 1%, 5% and 10%, respectively.

AU = FAERI L E ST A ofulgieh A ZFERA| BolRar Qlrt COVID-19 0] % St & 7} -2 2|
95 o} ZIH ] W2=0] 2 COVID-19 HHY Q1 2019¢0] QU2 Z27hAEkl 7} o 7hastglon o) gishu 7} whe
© T ol 1O FFE FAN AL Fol= AGoXE vz = vepdth A2 o sk AJsHd
ol Y& F= A2 YeRTE oli= COVID-19 o]7d o3} MAHEA O] A0 T Sy WO = pAste| e
© ATEESf FUUK o] F AGUF T FBHEATTLE FTRTIARE ARRIA AR ET] 222 QIg Aeelte] Ha)
AHF COVID-19 o] &of= 0] 5 z|HL Al 0 7 Z=7kagEke] o} 17} 91 Ao & Ljehtl
T S7PF ASiths AE omlgteh

BAEAY] AFE B, AR ALFA Az 2 28| 5. 242
A2 BE7t S A9 TR} S7FUARE <)
T AR BT e A9 et Ao 2 YRyt i o] ¢I5Lo)| A= COVID-19 A}3|2] 72 F7] Z22)of w2 =
SEA Stz tistua Mg HYH 4 e AUE 4 T7ro|e WstE AeA] ATl RS o] Ls}

465



Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography, Vol. 39, No. 6, 457-467, 2021

of H-AI5}gTk. 20199 F7HYERIT 2020 TP IT,
2020413} 20199] AL YERITE LA 2 519
o, ATAEF, T VA, BB EAS B A

R R
201987} 2020 F7HYERILE tiAto &2 3 7%‘—“”

A3} R AR A A 20193 ) 20208 =AW
BUOISIARE s A0 R etk ol Bel A1
% A7) 2207} COVID-199] ke BAJshA = 27
572] B EAFOIE-L 7H5aHA s olgint
= AL ou|stet a8y AR E iAo 2 gt
B ula ZuelA e Avkes io%% o}, Al
I GEA o] R Aol A= AR AIT7E A4l on,
FAA ol M = A=A} ~7}°}E JHEdol et o=
COVID-19 A& Ae) 7] 227} 274 o 2 F535HA] o
< = DA = A vt o]of A|Y, EAol4,

=
A, 15, A2 B4 SEEeR ke 3

EI

X
o

o oz 2 o

5 g o
W kb g
40 A og Az o4

N
-

ol A0 2 e

o] Aol ERUUSE WHE T WE Wo) vy
WSTh ofalA] o Aol v WMol Fo WS ol
S, ol AT S|4 Aokatths HolA FAE 7}
At} E3h, o] AT KDES} LISAS 53] 2|2 27ha

Arg B4 QlSo= &5 GWR (Geographically
Weighted Regression)?} 7-8- 113 0] A& vljA|gic)= &
oA R EA S TAE 7T GWRE o] -89 2 ¢
T A4S dasirial #HEY ol 25 M= gr|aL
A3k o] 22 POl BB, o] AT F3) H-o)
COVID-19 AF812| A2lE7] 2A0] 12 AfgHE2] B210l 8
o T ST 1910 k) s
A ou| & 7H 4= ok E3F o

of 57 277} oful A3} o7l
) 3 % QA Ak o4 A
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