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Analysis of the Green Equity Using Google Street View and Deep Learning

in Seoul, Korea
: Focused on the Comparison between NDVI and Street Image-Based Green Calculation Method
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Abstract

Urban green has various benefits, including promoting physical activity, improving residents' health, and mitigating
urban heat islands. Hence, urban green is considered essential for urban residents, but green inequity issues are being
raised. Although several studies have analyzed green equity with the traditional measurement method, the conventional
approach is limited in its inability to reflect the actual degree of the green exposure of residents. To fill this gap, this study
aims to identify the actual green equity using the Green View Index (GVI), which can represent actual green exposure. This
study utilized Google Street View (GSV) and computer vision techniques to measure the GVI. The normalized difference
vegetation index (NDVI) and geographic information system (GIS) based green area variables, which are traditional green
area variables, were used to compare these distributions with GVI. Furthermore, this study identified the degree of green
equity through the relationship between the distribution of green variables and the vulnerable groups. In terms of statistical
model, the spatial lag and spatial error models were used to control the spatial autocorrelation. The results of this study are
as follows. First, there were significant distributional differences between traditional green variables and GVI. Specifically,
traditional green variables were high in the periphery of Seoul. GVI, however, was shown as cold-spots in these areas and
highly concentrated in Gangnam, Seocho, and Songpa-gu. Second, the GVI model showed a lack of street greenery where
numerous vulnerable people live, unlike traditional green variable models. Specifically, low-income people tend to live in
neighborhoods with less street vegetation. Therefore, the government should implement green supply policies for these
target neighborhoods. Regarding the methodological perspective, the results indicate that the degree of green inequality
may vary depending on the green measurement methods. Moreover, plans for the supply of green should be based on GVI
that can represent the actual degree of the exposure of residents.
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1. G+12] B8 ¥ =X

A Y 54 AFUES 2y 9 AARE, A4 " A4
e FANZIL B S Asehe Fo 34 ave Y
gtk (Markevych et al., 2017; Thompson et al., 2012;
Zhou et al., 2014). TAIA 2R HX= By 3l AAEEE 9
g mf e Fo]ar QPAgt 4] HRE 433 Markevych et
al., 2017). WA FA= AR 2RE7L FHEA Reoksle
35 AHIAE QA Eo 3L Qi) A T EAIFTA] =
2o gt =27} S718HAA H2|9] A EA7E A= gl
th &, A W 527 3R ExtE st BEEo] g
gk ofuz}, A5, X9 59 FAS FAA ] BA - o
At E858HA Exx o] Qlrh= Zo|cHNesbitt et al., 2019;
Oh et al., 2020; Rigolon, 2017; Schwarz et al., 2018).

MEAE 0|9} 28 =X EFF AT A7 i, By
d Yol 527F 2A11HA] ok 2190 o 27.27km’e]H, ogt
2R F L QAR Z Ao]F Hojal JUTHA&A], 2015).
2030 A&ERAA = ol2fFt HA) BT LAE siast] 93l
=7 0|89 FHYE AR, 2] Au|AY] 290 Y F4F
I8t At 52 &F HHE THIU fiot o] H4 P4
of oigt Tiol TRl weh, A&AIY 4] 2929 U &3]
o] 9T B=s st mefsh= o] Fadd Aos U
e},

oj2|%t PHOZ Q3| MEAIE o R X P4 £4 2
FgAE =&zl A7 olFolAR A LFF 9,
2019; A 9], 2015; A8, 2015; Oh etal., 2020). °}5 A
7= T2 YA, EX9E(and cover), EA0]-8(land use)
HolHE B4 39 @ SXUA HeE gdoE I £E
Aol R A=E B4 k. 2y 9t 22 7]E H4
AP Ot B2 SRS 7MY B, 71E FA] Ak
A A T QiR A& FE 2R, EANE]
QRN AT = A= HA9 F2 A 428 Aok
(Ye et al., 2018). B0l Al 2A|9] 35, EAABLE &A] 9
A Qo chFe] A7 223 . &, ARIE FoAlS-E0l
T2 EA] B2 AFdl= He FAsGE W, 71E =4
AE AR 52 RS AT A B4 =T A
AhEE 4= Qi

A, WA A A2 shsolA] AV vk (top-
down view) A& AbEthe WAL R, P o|a FEA 5
AH Agehs Aol EAUTHEEE <, 2010; Ye et al.,
2018). olE FAH LR 71E HA] W= AA| =AINSO] A
Hohs 529 S AdE vtgsiA] £ Zles woEd, o

ZhA] o] 23t A E A'd 7]E A RE Ao g 28T A=
3 FoFAE BT A, AA AFRlEe] Adshe Aot 79
7t EXE = Ut

3, WA 7E 54 A #E HAY F U= AEE A
Al Al = AP Ao UloflA] AAo] Hol= H=g 2u|s)
£ 5A1E g o] EARcH=84 9, 2010; Yang et al., 2009).
ol A3 EHA] & oJv)she Aoz X2 Y 9 YAIH
A8 Ao =M EARISC] AT = e A ¢S oY
& 4= = WPkl #A ATHLu et al., 2019; Yang et al.,
2009; Ye et al., 2018). HA1&2 A3l 43 71E o=
= @REAPL AR, ol AR, S84 AJofe] A= AR
o] TARIY. ol2fRt dAME SHI S8l A2 = EFEF
Ao g 7273 vd|o|Eet AHE B o8] BaAt P
(eye leveDol 9] HAIE HIES TS S5} A7t
o o]F0] A3l QItHGong et al., 2018; Ki and Lee, 2021;
Nguyen et al., 2019; Rzotkiewicz et al., 2018).

nehA] £ A B3-S v3a Z, A, £ dellAe A
EAE LR YT 7|E 55X AR 1S3 54
Ft =& A=<l Google Street View(]3F GSV) 2 &
TE HAE o] 87t 7ESAIRS AR 7IE A AE Y
HE AP AFofM F2 ARGRH Normalized Difference Vege-
tation Index(NDVI), EX|TE Hlo[E & Faff AME3 34 &
A3 7 7RIS B8R o)F AMEA FFEE s
AST A 7] ZAR BE2E 8] H H|ndit &4, 2
ToAe o) =4 WMot HAASS HHE & Y= P eE
ATFARRIFA S4d7He] 37 HEAE AR, ol AlEAl

TEH0 Y= 5A% FgAS AFA et BAE BATL
BN ZF 52 W B9 A 29 9 st oo,

I, MgH 03
1. =X| Lol et A

A U] F5A= ARIE] 4733 4h9] Hof] B33l 8 40)%]
O A Bxo] By, ERFA digh BAZF A&HoR A
71=|3 IrhARE 2], 2015). o= 3% E%-5(environmen-
tal inequality) SHelA £ He|, 7 v|& Fo| ARl 4:9]
ASEMA E=5H 2-&3the AR 7181E 2o 2 (P47,
2017), B3 ol B<es] F7HEQl v oJulE do, °]
£ ol83ke dide A, 4%, UF, &5 & 5 ABEAH
S0 ApEE W7 = AL u|ch(4A1X]4, 2009). olefgt
73 P THelA A U Bx1= YA ARk ofyet
AR AR AAA oA FHA o] aLE|E|ofof g}, E3E,
=20 tiFt BB Eed] BA| SHFRAE ol FARS
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o] EF, Yozt ZA- ARlA E8 5 EAlek: dAsHA 71
WaHA AvE Fa7 abe § 5 Qv g €, 2019).

AYATFEE T AHIA G S e s =2 RS &
st on|, AR ALS]A 294580 F2 AFsh= A
ool =2]9] ol AAY, HIAol FA Yok =Ao] digt £%
o] EAEt = A& AFsal ek gF 9, 2019; A0A
2], 2015; Nesbitt et al., 2019; Oh et al., 2020; Rigolon,
2017; Schwarz et al., 2018).

A, AuldE 22015 AAIE e FEe fAER
Tw8te], fAE 3 A 7IES FO Y ALdEYy
AB1A 4914139l 0], 712AE =57, Aoldl TY 8EF
Bl B2, AEAl ellA AddR 34 A2
A9] zjoj7} 2A vpehdtia Busta glow £3] AT, o
TEA, B4 FolA T A= 32 X %o] WAL
B3k e},

0|9} fAISE AR AZAE dFLE X33 Oh et al.
(2020) A E3 FUES AEE AlE3lele] 3 HE 7Fs ©
e P EE FABIN, TRt ARRA 29415 B}
v slglct, BA AT, Aolijl, =9, ofdo|, 7|2E 7
A ASE U2 A 5ol wet B84 Aert oE=A vet
wWo, 9=l AFe A9 ZE A FHolA 34 A=
7} A UrebstTr,

YT 2Q019)9] HTE A T, AT sHETE
Aoz A7 2%, 1A WA Fo st 87 VA ARE G
£3191, 2] WA A= oA deke thEA RS &
83t NDVI, 7t24 & A% Hl&(tree canopy ratio)& HTE
8519}, A9 Az 294550 FE AT A
NDVE= @A, A #2554 e, ol A9 g7 3
Ao FE AR EAEY. SR oR FE R IR =4
HA 9| zlo|7} E A2 HAE=, FAZ o2 ofutE |
9] =] o] &= 4 o7t LHR|He vl3f oF 24 0|4 &
el ole AR ALESE| FE ARG E 4
e H7H FEof| 127 & A o2 e, EX] SH4
2 £l A%t g 4= Qi

Ffj2Jol M= 52| FHA o digt A7} kst o] FoiFict,
HEAOE Nesbitt et al.(2019) e vl=2] 107) E=AE o
A2 57X FRAHS BAslgld & d7e A £E S
E4 x| PAsAUh=s HE Eol, 3744 A7) Ade] 7Hs4
& AT, ol Al = U= FUEA 2FE E83I%
o}, B4 AT}, TAME Aol EASARE sHejo] Wil 450

& Ahe] 2 AFsh= 2|90 874 285 =7 AR A
O = Lelyitt,

F7H4 22 Rigolon(2017) F7-E 39 % 549 £4& Al
w38l oF, F24, A Al 71 SHolA =A] RS B4t
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Aok 399 A oA 39U A (safety)o] the] W
2 AR 242, AR 2AFEC] =2 AFShe
AL K219 ¢, A WA= @A, M SHA
T YT o8 e 7|E e v A E 2N E B
ShaL Qo F7HA 22 ulsg e 3 A2 AFH
ol5i7t EAsh: AR AR £9A5E ALS, =9, &
5 FEo] B HHET ofyzt, ARSI E 2okl Qi
(Nesbitt et al., 2019; Rigolon, 2017; Schwarz et al., 2018).

oje} o] =2 EFFol U= olf= 37 ERSAY ¢
oA =T QU Y= Aa5AFL] A, FH U
lof ARz Q3 A T KA xS E3TL HAT &
Z47H el dial - A AUA "ek(E44, 2017). o8 R
WS AR Gt A RIS g o= FE7142 Ao of
T AT 2 =249 1 FAHFUA BAE Ay Ao HaE
3L QIcHFu et al,, 2019; Park et al., 2017; Zhang and Dong,
2018). wEbA H2] TS Z B1] Qzepr) £2 299
s 89| B¢, F8 7H40] 7] "ol AFE]- AA1A &
ASol A 52 =4 A=t A gl Tl AFdh=
Zo] oA Ak, F7HA =2 EHF o2 2AFE0
FEAFS = A AT AR ST ez U3 sE %
SAE M 38 2 T Zede A= EARH
(Chen et al., 2020; Gordon-Larsen et al., 2006; Oh et al.,
2020).

o3l Mo 2] FHA FY A= B BB T
A ARS - A A o)A 5] B9t w22 RES T EEH
A FofAE o R G5 AoflA Hx]of digt 35 T84
& 7z YrhHI RS <, 2019; Auld 9], 2015; B4,
2017 Gordon-Larsen et al. 2006; Oh et al., 2020; Rigo-
lon, 2017)

2. Google Street ViewS &8%t 37

2| vlglolejel Jadel thdt Balo] FoiE el uhet EAA
2] Hofol| A o]F o] fato] Il W 7I2EAHE A= Al
Z71 g o]FolA 1 QItH(Rzotkiewicz et al., 2018), <+ Y
7t2873E £43H7] 918 Google Street View, Tencent
Street View & THet QIZFAA| o A Al g8hs 7= AR o|v]A]
£ 88313 o, o3 e 7]E S EdxA
of Bl A= 9 Ag4o] =t A= UHGong et al.,
2018; Rzotkiewicz et al., 2018). GSVE &85} & Z43}
3 e 842 HFHHE(Gong et al., 2018), 7124 9
A% (Li and Ratti, 2018), 87| Hol= H=(Helbich et al.,
2019), 7}25A1&(Chen et al., 2020; Fu et al., 2019; Li et
al., 2015; Lu, 2018; Ye et al., 2018; Zhang and Dong, 2018)
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ol EAg,

Nguyen et al.(2019)2] 97-= GSVE &83l0] vl AH9S
diges u&ga =3 Fo] TURHES mopsiglen, ol
°]-831% County ©$lollA9] A7 =Eato] A4S EA5H
o}, diF B SHEE HlolE 7t AU 1550 YA &
< HEA] 9 W) X9 2 £4 Al GSV7H 8351 &
49 £ U2 AFET, GSVE T3 AEst 2asAa A
74 $EI] fofgt BAE Rusigct 2y YL 31
HAZ A% GSV 59| A= o A|PskR] X3t 2SS
ZA o] 2= HellA AR o] EA)gHY,

Hoh Algst 23S S48 A7 E Helbich et al.2019)]
e 7IR o|u|AE E83te] Bzt oA AgH s B
ol 4237t HIE, A vlES S, o5 AFTI 4
7o BAE FAEkglt £A4Aw, FAA73T GSVE 4
ET £ HIE, A4 HlE Aol A= RS AR =&
= QARE 7]E 2] 9 =371 AR ¥ NDVI, Normalized
Difference Water Index(NDWI)+= +-2/5}4] 92 HA R =&
H3lo, #7108 GSVE ARERE 37 HET NDWI, GSV
2 AMESH 2] vl&3} NDVIS] AHAAE 2zt BAg
F Y B =2 9 370 S8k Yel= 24 e 7t
9] folgt TAZF =R it o9t L A= FYUE 2
U 848 SAE AR 949 23t 7, A W
él(top-down view, eye level)ol| whel ZAgko] A Ajold
T U2E AR

ole} AR AT Atz HFA WA 0% AET SAMe
B3y 9 AREE A g2 AAE Hols ¥ GSVE
Bl AE IR SAIE2 B 9 AAEE T U S9EE A
dokar B31E] 1 QIeHKi and Lee, 20215 Lu et al., 2019). ©]
i3t o] f-2 GSVE T8 2HEES S8l A2 HEArt
GG Foll A = Y= SAE BPA} AN AEsiy,
71E FA] AE Ao E ZHEA Rk Husd, FY, U5
Y AR HAIE EBLL, =X|9] FE7x] 1E 4 7] o
Folzt AFE Qlrt. ol2dt ER OB V2 =AES AR
AA =2 A A=E F e 4 doke 23S Ad #ega
& 4= 9tHHelbich et al., 2019; Ki and Lee, 2021; Lu et al.,
2019; Ye et al., 2019).

GSVE 831 B2 AL B A7 2 a3
Y= AHChen et al., 2020; Li et al., 2015; Li and Ratti,
2018). Y2 Li et al.(2015)9) ¥ U] HartfordE U2
2 GSVe Color band WSS B85} 712 5A18-8 4RSS}
Fick. 32 d7= A W block groupEE 7t25A1&9 2t
0|7} A, o]2|qt 7ER A& QAR A S WA B
#o| glopa Bk ok, FAIHCE AAE, fFAAF, 1L
WSS WA X3 AFlo] B2 A HUSE 7f2 =480 F2

et

=]

Al T Ueh, 52| EBFo] EAgtaL AFsial et

o|2} FARH B9 & Li and Ratti2018) A7 GSVE &&
sto] 7t24 5% A= (tree shade provision)E AFE3I3I, ©]
£ B85l EXol§HHE, QFARIAA EAERE 29 A=Y
Aol BRI, o] A} fAksHA ARRlA HoFAISEo]
FE AT 299 7124 59 A= @A vepRd, 22y
o] & &Lof| A 283t Color band HHES M(RGB)S 7|Hke.
2 ojujx] Y 84F ERsk=o=, =49 AFE(RIF, |,
AE 3ol 52 £572 F Sl AR EAFTHLY, 2018).

Chen et al. (202009 A= AL, A 5 52970 =4S
4O & Tencent Street Views Z-838) 7}25A1 82 AH&3t
L, o9t A9 (n=32) ¥ GDP, 199 GDP, AR+ 52t
o] AFHEAE HAISHT. BAAT X199 ZAA A|#Ee} 7}
E=ALE 71| WA= 7R G+ BAZ YEET. ol EA
9] =] F9) FA7L AR )7] wEe] ARAge] Fdt
A HYLE FA)of et Fa70] 53] o|FolF7] W&ol 5t
A9k s At W2 34 H9E GSV 75 AR thi A
W5EA] Z5E A (300 % 300m)T A 9E AR 28 HR
+ AollA & a7t 2to]7} QT & 4= Qitt,

AEfEd, T GSV R HEdS &8sl 2REES
Aslele A= o o] R A 1L Qirt, o] HAWALE £X
4 Al Bex} gllof 4| 9] 2] Aol 71531, 7IE GIS ©l
oJE & 50| ofH& AT =4 e E F7HA| 2 4=
Utk ojet 2L FHof 7|NIEle] GSVE E% =7 Mg 7]
& 57 Palo] ¥ A1 Fefel YA WS A,
AA| AFHlo] Lyl= 52 A A=E A g = o B
L= Qi

e

[n}

>

3. MAAT oA | A2l X1EY

AT 12E T AP Ao FAE 9 & a1 2pEA
2 ohgat Ak AR, 52 FHA o et AF A o o] F
ol F A4 diiie] A7t NDVI, EX|ol8 E Ex|u]E fjo]g]
£ 43 39 9 54U W4E 94 248 3w
831 ok, ol e shsolAl A4S WeltkE v (top-
down view) 5788z W4 o8 FHA |1 FHAL FAHH ol
= TAIYo] SA3ITt, o] 2 QI8 7]|E KA A&He AFHlo] U
A Foll AAR QAEh= YA A 529 kS tusA] &
3t} o], 2 A giiR| A2AQ B¢ B AFPoR =
A] oo theFe] AFAE HIREE tiatie 5X|7F YR]8 k. o
23t AP B4 Aol 2 AT ALSIA 4904
ZE9 BX BEAS 13lAE 1, 71E 51 A 8E g4
BAE A] 52)9] PP vt AR o2 FSaHA 4ad &
ek, et ez ol YR|gt i AbRl= AR U
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A B Qs A= B FE57) i AFle] 44" F
ol AFA oz AFY 5 U 549 F= FitE T 4 U
= AR o] EAZTE kA 2 Aol GSV oln| Rt
FE HAE B8t AT AAA =2 A F=E fHE
T e 7IESALE U E ANSSA B4 9AE B8
£ FellAl 2P Ado] Qi

A, 54 §BA4L EAT AYATES 9 54 HeE
g8t B AeE A SRR 2A] Y =A]= o
3 PR EABH, ZF A M ZRE ¢ U AR =
A BAoll qlo] &7k Ul Ao g oitd, &, 9Udt =
A AE2 RS BAT A, BA Y g3 FE = 2R5h=
SAE TTZ R U] F3lH, o= AR HA9 £F
e BEE I X 4 Aok YR, 71E 52 5 94
Q Exjo]g W EX|U& Ho|HThs B83le] 4] £XF &
A A, 7F2R0) YRSk PR B2, AMd 52] 52 2%
5HA] 231 Eof, NDVI 3t s =0 FAE &q129] &3]
£ AdsHA APEsA] Z3th= A f o] EA3t, oje} Bty
B 7IEEA &S A9, 71280 EA5ke AR B4, AV =
A] 5% 23T 5 o, olF wAo Y A ejdle Ae
2 & ok 28y of= 7t2H Y olu|A|ukE B-g517] wEo
AEHQ 54 42| ZoEE= g =4, 3 59 ¥
el 5AE ZHEHA] o= B0 ATk &, £ A7t &
831317t 3l= NDVI, 54| % 34, 7t25A18 7 Hart
e Al B2 S Aolstn, ol2 U] Z %] ¥ee
32 3 FPA FEo] 3lof Aozt vehd Aoz ofdH, ot
2hA 2 AtollA= ot 22 Al 7HA] =4 WS B85l §
B4 A B8, W4 7 1 ZpolE P HelA 2
HAdo] At

AR, GSVE &85t AEd 7I125A1&S ddeE 57
FBAE BT 24 B VIR on|R|oA BAE FET A,
Color band "2 B85l lrt, & "WHE2 RGB #RE
&gt o|u|Z] ff A& w573hk= 2ot =, Color band&
88 A S0 FERRE, ¥, A& 50 SARE EREE
Z97F EAEH (L, 2018), ol 3 2] 7HE=AES
o ARE3 4= Qlrhs AR o] EA)%H, oo viel| e HA
o] gk W22l 9n| 24 E3Hsemantic segmentation) 7] #->
2Pl (labeling)® ©|v]7] dloje] AlE B85 TS 54l
oju]] Wjofl EXsl= EAXQ] A Bt ope}, 2Y, EX F7H]|
aEste] ojulx] Y 945 EFeF= WiHolt &, Yu|EH
F27]82 Color band HEEL 52 AYA L2 7|&E AF
o] FAHS FHE 5= U Ao B, wehA] & Ao
< oA Y 845 ERdlTe YAHE e & & e
Ou| A 518 7W& 8515tk HollA] apHAdo] EAgltt.
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. $E=E
1. @2 9

Az 712 ou]R] U ALEH 415 HlolH 52| §o]
HollA ¢itel F7HA HAE MEHAR A £
T2 T Wl 7FREAIES ARESE] $13EGSV o]n|A] |
o[E|] AL, e LAIEC| HIF]| AEAIE tiFoR 2
TFEE0] Utk F7HH 02 ALAlE & A7) BAT2I 34
S TR SH ALSA A0)A 5 TRIE glolg 50| &
olgtct, (I Dol BRIE = = AAH ASAl: EAAF
og EAHS TR AP A7t BEH Y= A
glgt &= 9k,

B Aol A7 W 2018 H-S tiAe 2 s19ct, ol
gt o] -2 GSVE FHA|F 0l A4 A9 7tE A To] 15E
o] b= Ao ofzet A7 7ke| AA A|7]-E o]u]z] glo|efr}
SE I 9=t 20189 Eofl 758 Atzlo] 7H §7] wiZ o]
S AIZH H91E AAETH(E 2) Fa). wekA] NDVIE 4
&317] 1 AR g Aol T 53190,

B

R
=
-

4
i

2O EEHEMYE

1) g7 &2

E Q7o) B2 A ez AEAQ K2 Ak& uhy
T GSVE Bg3lo] AFE3E 7p2A18 7he] BREE Hwalal,
F3H oL 7} 2] W0} ALB|H A0S AFA] 7He]
A AEg v @ B4R Aol oje) Bagh FAFel AF
AEL oheat Pk 3, A 24 P uieh 4L HR)
I B2t o8 thEA Yehh=r)Yel) B dgolA &
{3 HAEA =2 24 WS 22 A i 3 59 AS

38 1. 90| B2 9]
Figure 1. Study area
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EI, o]t Ht MEAY] AFH AR Qe HA] &
27} 1A Qo] AFE AoE dn. o2 HItE Gsvet
AE HAE B8l ST TIR=EAES 7IEH A
IR o] 28 F2 TPkl YAA HA1E g
+ ok 5740] ok, matA] o2’ AfojHE FalsiiS o,
ZI25A1EY] R 7]E] E8HE A Wpdks o8 &
EHY AR JidY,

A, 7EEAE P34 A} AFAA 54 4 e
FHY B ofwe Aol vzl olnt. A A A
A 2t =2 g F4 HA0] 7HRE Aol U8 ARl
20715 HE} AREE th=A erd Ao AdE. F
AH oz £AFe| FAA 7L F2 EA] 3 AFH= 3
& Fushd AFAQ 52 54 P o= Aashs B4 ¥4
AEE YT A28 Ao oEn, AR 7i=SAE W
T BE FHUNA ZA] o) HF = Bd] EASHA] ke
Ao JYEEE 2] FBY FHNAM BFEH U +
At F7HH R AR A IR 54 Az tESAE)
7h 9 73 ot g9 BAE 7T AFSkL e
H(Fu et al., 2019; Zhang and Dong, 2018), °|& 318t
MEA] =R ARR) - AAA oA 712 54 7] E850]
A Aoz 438 & 4 Atk

2) 2Muy

2 e Sl g2 a7 AEe A fel 242 2
Al dlole 5 A FARA DAR FEste Yt
(T™ 2 3. Hlole 75 dAlklAE & 979 580
54 Hg 752 919 91499/ (Landsat 8), GSV ©[9]A], A2A]
A A= AF2S B8] FATE NDVI, 7125418, 11T
38 9 53 HE FE3T, F7HHO0R 52) B9} A}
3 LAl AFA| o] BE H|WE 3 FHTE A
3] BA £4 Mg TS,

SAEA N T 22 AR F 2AR FAE A

1%t step: Data collection

Grearl .vari.ablas
Land use Satellite image Google
data (Landsat 8) Street View
Socio-economic
5 ion, 2
l J: l e variable
Green & Green View
Park area Hey) Index
T T
| |
2™ step: Statistical analysis
M s | & 3 a
Hot spot Ctest ,| Spatial regression B Green equity
analysis maodel analysis

a8 2. 240K
Figure 2. Research framework

A, 2 A= P45 75 Al 7] A e E2E v
317] 18 AFE 52| £2E £4 4 Hot Spot £49& HAISE
o Z} =217} AFE ] 9l A% (High-High, HH), 54| %ol
AL gle B4 A9(Low-Low, LL gRIgIT}, F713o8
Al 71A] 2] 4= 2322] ol Hlmdt,

A gA A FHEA 2R 882 HES] H13 3714
$</d(spatial dependency)2 91511, oI5 AF2 + Y=
37H4 A7)/ (spatial autocorrelation) 25291 2194 =]
4*(Global Moran’s D& 4AF&31}, o) F H o4 meiz]4: ghe F
3 71 2714e] EARITAL BHEH, ol Alofg 4= U=
ALY S B8R FFH o= AFE 2AS5E T
FE} AU B 7he| JB]ARAS AAIste] A&Al =
A YHAS B, o] 7|Nke e FAA ANES =ETi)

3. HEX =X £ He

B Ao A= HEE 52 24 ¥4 EXuE go|gg &
93} o] Wl FWA QAR 823 NDVIE 24513}
AMz Al B odte] BEATeel FAFE 1909 FH 2 =2 W
A B NDVIE A=319ch

1) 33 { =X|HY

A, 52 2 SUHAe A, AeAI015) AHERE Ho]
HE 283t T | LELFo|A FfFEe FEe FE3)
AHCETE 1 F1). ol PFFTE= HAS ARSI, BE
oHE A8l F4E 197 5 | =4 WA o2 ALtsiglt,

2) NDVI

NDVE= 449 d% 9 A4 HE 74 02 difsh= &
el A A H2(YHI 9, 2012), TAT] HAEALS o]43)
o] AFEHILt, 0] AM&37) 913 USGSOIA] A3l Landsat 8
A9 9AFE g3t B Ao A7k WYl 20189 &
(3~5¥)0l 15 7t AR 0] 3% EAsi, ArEe] Hel
9 5 5] 7P AL Al 34 6Y HAARE B8t
4] (1)2} Zo] NDVIE AFESIATHCE 1, <3d 3) ).

Band 5 — Band 4
NDV=—— (1)
Band5 + Band 4

NDVI 22 0~1 3k& AUA =9, 19]] 7170855 A1A80] A
oz gon] BF/4o] w2 A= AT 4= Atk (¥ 39
NDVI £EZ5 Z1sH, (I3 1] 3 % SAHH FAL}
A, 2 Y] AFR7E A A12A] A AR 2 3 5
o] YAT YR A Hof A UEts A2 BU™ - Atk
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H 1. Landsat 8 &4 HO|Ef HH
Table 1. Description of Landsat 8 data

4% Description
&H ™ Date 2018.03.06
HH ARt Time 11:10 AM
£2F Cloud cover 0.565%
oA & Quality of image 9

O3 3. M2AINDVI B
Figure 3. Distribution of NDVI

2 F7ofl A= 30%30m FAEE AEEE NDVI #42 88
3t 24 F414S 53l 3T W2 NDVIE A&319idh. &
718 g3t o= AT NDVI A& A, 374 Z3eh= 4
Zhe= A= ot

4. 7I2=ZAE Hy

1) Gsv 715 by

2 AoAlE 7IESAIEE AEl7] 913 7127 Hho]
g A%l GSV e} o]u] 2| (panorama image)& 753151
o}, ZR=2tut ofu| A= - 360°, A3t 18079 712 FuE H1L
e oHAR(KHE 4 9 Fa), A AHNA Y ZtE=A RS
AbEshe ] olsitta Bkt

B AR golre sl o|u|R] S el
EA3LL, o} B8t TUBHS 72T Al 0| A
% T 42 5 ok M A1Fs)aL YH(Tsai and Chang,
2013; Li and Ratti, 2018; Yin and Wang, 2016). €& & Tsai
and Chang(2013)2 mt=2ju} o|n|z] fF@4o] on]z] At
F2(Ehe), olvlA| sid F2(AH)el Hzsicta dFsta 9
t}. oje} vt 2 sii-hu} o|u| x| o] FFREL ATl A7
ujjie]] 3l F-5o] 273t Point of Interest(POI7HE 4= ATt
31 gehar Qlok, ERE, Xia et al.2021)E U NS A

200 "2EAE, A6 M4 (2027)

& 4. GSV 2o} 0[o]x| & Fixfe] O]0|X] GfAl
(a): It=2tot &= 0]0X|, (b): 22| o[o|X|

Figure 4. Examples of GSV panorama image (a) and

preprocessed image (b)

o2 mhicgtu} ofu|x|e} Uyt o]u)| X (static image) 22 T4t
o2 JIRRAES AMESle] O ghe vlusiict, 244, o
teepat o] = F50] -§ol8ted (open-access) E-840] =1L,
Z|gFoln], Hazte] 2] Q1A 2 fHe 4 7] wze] 7}
BE=ALE 4HE0] A3 o]u] R Y& Harstar Qict,

A dFoAe sheeful oju|x]of HAE SE817] Sl ot
ghal ofu] A& AFFAIZIALHL and Ratti, 2018), Tt}
ojujA] F SfFAAo| 2L URES Het TAUAFLS AEF
34eK(Yin and Wang, 2016). 741422 Yin and Wang(2016)°]
At hegin) o]u]z] F FEAfo] HL FAES Feh A
243 4 Ehs vlg)e ARSI T A7 dhieatu) o]
u]R| Q] YREE AE FGo] HYA AT o YA gt A
w8k 3t

b 2 AFelAs e} o|ujx]9] o EAIE B As)
7] 18] @Yol A os Hon|, HyPRY A7 F o
WS g s S Aok 240 283100, A
2 (0¥ 4@+ Hettu} 92 oju]z| 2 APHFA AF7 A
A9, EEE it Fe] djnddo] ARt AE BRI &
%t} ©1F Yin and Wang(2016) AellA] 21835t Wio 2 o
njR| Q) A A sl 2 AR (O 49 B, ATEdol
AF R gt AL B 4=t gk & dAFelAs
Reetn} ojn|x]e] Y@ AS A fI3f ook 22 WS
ggslgon, 7I2=AE 4HE Al AAEE ou|A (O3 4b)E
2313t

GSV oA F5& 93] M2Al Yl =2FS 71E2R S0m
HFERE AHE B8IEUn=210,746), 24 AER shce}



Google Street View?} H2{dS &8 MEA| =X| @8Y 24

o} o]ujX| & FESHGICE T2y TR AlE L] A9, dE U A
Hof w2} Wt 4= Q7] w2 Ao & ARIS B8 A &
A A9 7hEmAlge] Hdf R I FE 5 U 7HsA]
EAET, kA 2 AFolAE Google Street View meta-
data APIE #8319 2} A 3of|lA EFH ARl H3l Uk, 4
S AL, T AT (R 2o E

w425, 2018'30] &FE o] A= AA o|n|A| F 84.9%2
78 e AR yehton], 20184 144,908 o]ujx] Fof
A= Eol H3l olu]A|7} 138,930 2% 7 W AL e
Wot, webA 2 dtoA = AT E 7IRSAE e g S &
H317] 98] 7he T B2 ARE 5 £ 3l 20189 =l
? ARRIYRS B-8515iaL, 138,930 gttt o= FHEE
FaAo = o 327.6%9] o|u|A|7} EAsh= A]o|n|, AT
A A = 7IESAES AMESh o] Adst #A]etar &
et

2) ojn|2x 28 7Y

2 A1e oluA Wl 52 848 FE317] S18 e =AY
719 oju24 B8 7|WS E&3ten, o= A, AE,
9, 3k, 57, AR 59 olujA] Yol EAsh: 845 QA ©
AolA FE8lFE 71jeltH<2d 5, 6) 33, ojujez] £
2% O 2= FCNSs, DeepLabv3+, U-Net, ReSeg, PSPNet &
o] itk ojet &2 B F 2 A= 7201 2015 ALd o) F
AR &Aoo r WSt 28 H5E Hol= Deep-
Labv3+ 2%-& E831%5HChen et al,, 2018). 3T 23
Wang and Vermeulen(2020) @-tollM S8874S S48l

2. N2A| GSV 0|0|X| X2 4% He
Table 2. GSV image collection date in Seoul

A
dE Year No. ﬁ:'n:ge (no.) 1:55(?52)
1970 5 0.00
2009 5020 294
2010 975 0.57
2011 109 0.06
2012 13 0.01
2013 50 0.03
2014 4,892 2.87
2015 13,000 7.62
2016 450 0.26
2017 331 0.19
2018 144902 849
2019 596 0.35
2020 338 0.20

ol 8 v} olck, A&t el Zol, ojuj Ha vje g
ere) a2l o|u]x) slo|e] ALz} el e B 3 wao] o
$(training) 531 01 B8:310] GSV o|u] x| Hkeht,

weha] 2 AN GSVel A1 72T olulA g Td
812 9l Cityscape HIoE] A& Bgat0] sigo] Shndl By
2 01831THCordts et al., 2016)." 850] S=E Y| A
£, Cityscape HloJE A& ko2 Hster} 0,972 Yt
GSV olulA|2 Balsi o] Hglet Aow B 4 iot? oy =
go w2 Ry, Wy W WA, =X, ok, waR, A% 5
% 19749] BB BRI 24 glot, 2 ATolNE 54 wdel
=Rk BAo] B3,

O3 5. Q0|EX REZEL Y 7IE2=AIZ 0Al (1)
JI12=A18:18.85
Figure 5. Example of semantic segmentation (1)
Green View Index: 18.85

B =% (green)
38 6. Y0|EXN EEZu W IIE=AIE 0lAl (2)
J12=A18:10.86
Figure 6. Example of semantic segmentation (2)
Green View Index: 10.86
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3) 7I=2=AIB ME

2 @M E £l AYE ARE QAR 71ESAES
ARESIAH(TE 5, 6) 3. 7125A1820] e AlAE 54
&% 9Jujshs Aoz B4 Y AlofllA 537} Holes A=
£ oualm (283 2, 2010; Yang et al., 2009), FA 2=
o] A A 4 dijv] B2 £7H oln|A] B £2 v
W 4 oA ) AL Lietal., 2015).

=22 HEE 9 5
FFREA| &= | ﬂ;ﬂz} A A@T %100 @)
g T

2, 12EAEE ojujx] ] HA2 ERE Ao ShE ¢l
290, 25 WAlo] 22 B5e A9 ) 1009 S 71|
73] 245 s AN Az o Holis ke v
o] i Ao w ajuE 4 gtk

Mo H e

740l 3t YA+ B AAZ, AFol AFE
34 550 PRIt A& AAZ sl 9l olF dTE
ATASE IA AEA a9l FAA aglod FE3IL glo
o, QIF, &5, ALK £F, FIL 50| oo gt LAFH o=
=7 YPA4L BAT APATofME HAASTE dFE (=2,
nlgdap), A SEERAS), SRR A, TR
JNF)E =38kl QUHLi et al., 2015; Nesbitt et al., 2019;
Rigolon, 2017; Schwarz et al., 2018).

a4 olE A7) diiR] diiEe] ulat =AQl HE Fars)
g u, & Ao g A2 IFE ol Addes
A7) a0, P35 8, 21HA9] A $E dolE (&S Ho
E)E 758 4 gle eAo] EA3it, o]t o] f-2 Ff A}
A& o2 2] FHAS AT At d5dE(=2, 1]
AdR), A 201288 834, F971E, oAl F9),
7IEHEAxL], Aolel, o= viE &8st rh(ng:
2], 2019: Zv|# 2], 2015; Oh et al., 2020).

TbA 2 AoflAe HASS g A HrE S A
Z 4 stEg AEia, A4 59 A% A59 dERez
45 P35 oltE 714 S E4319t). FAF oBtE 7}
Z AE A, FERFE AAYILE B35, 35E &
Bal 1.8 BWsly] 93] 20184 19 F< A= 81,3887
oz PYFE Pt oltE 714S AkEs

F7HH o8 B Ao BAFES digfd = s el
71288 534 8)E, oA - AE5 HEE FUketed o
At - 95 Hg Hes 2530 A $£E02 Hr)o= 3t
A7t ZAI, A oR o T8 {30 nls| F8 7o)

202 "BEAE, ®MseH H4S (2021)

ke 3, o] 913 AebAgBol £ AR 4 Yrke B
Hasel (1% 91, 2019), ZHH O HOPASE thAd 4 9l
L wide} poEn,

HEH02 B A7t AR W (E D3 gow, Her
% Higt ARESH) oA, 194] ol BAw2D, AR 45
(8 742, 7| 2408 237, Thl)- ) 0|4 671 Wil
u, 274402 ATUE Weg Tejshich

6. 3 SH 28

£ dFoME A9 BdReE 9 30 AV &
AL 27)4Ho] EAF A, ol& Alojsl] 97t ¥t FAR
S E83ith & FUH5A 2P I AR BY S &
3, I AAF 2, 37 o4 B2 72t 4] (3), 4] @9}
o] £8E 4= AHAnselin, 2006).

y=pWy+XB+¢ (3)
y=XP+g, e=AWe+p (4)

W: 37 dE, X AeEe, A, Bl Al
e: 37t A& 24, i oA}

F 2y 3 HFERE A9 Anselin(2006)0] AT ZAAH
Lagrange Multiplier HI~E%] LM-Lag®t IM-Error HAE
& B3 =¥ A3 Akaike Info Criterion(AIC),
Schwarz Criterion(SC) 42 -85t WetEt) oj9} o &
AE Al 0 A7 Alojd 5= s BES RS QL
= GeoDa ZE IS &85,

V. 24z
1. 55X| @ B Hw

£ A7) R WA AT AES AF3) S8 34 192
¥ 9 SAWH, NDVI, 7125A1& 28 RIS 1 4
= O D 2ok 4 ATHA B4 b8 19 FE *
=AHH, NDVIQ] -, A2 o2 fARERE g Ho|x
ek, F ¥ BE AEA| JHAAE AR B U
o, o}& X|%o] Hot Spot(HH)2.2 =&Hch, 7A|% o8 &at
Al =84 Bo] YAE AEA] XA A, Bkl X3 HA
F 29, gzt AL o] YT SR A Hol dit R 4]
2 Q3| HA7t cheko g Exshs o Seigic

FHHoE F =S50 Be, ALA Ui A9 F 4R
o] Cold Spot(LL)2-& Vbt =g 42 & 4%



Google Street View?} H2{dS &8 MEA| =X| @8Y 24

3 49
Table 3. Description of variable

e B3 =e &
Variable Description of variable Unit Source
29 9 = xe SRS 1015 BY Y X2 /2 Sentilaies
Green & Park area Green & Park area per person m?/person AN (38:%; g
=T [EHA = z
Comariable | ST SHS B3 NDVI USGS(2018. 03. 06)
NDVI Average NDVI
JEEAlR RS T J|2=AlR Google Street View
Green view index Average green view index (2018.03.~05)
o 65A 014 QL ~/AWFS QU =
A
ESELOEOH E Population of aged people (> =65 years old)
gedkpeap /Total population QIzE] BXAL
e 194|014 017 4/-HE QI Census (2018)
l’gﬂf'ateuolgle Population of young people (< =19 years old)
g peop /Total population
soptaws | T4 SRS SRS B Ok o} 714 digym  AeaST RS
(017 Bia . ; : , Housing transaction
VulnerablgT Housing price Average apartment price 10,000 won/m price (2018)
group variable. 3 et ~gxr big TS 43| 2/HEE 07
Basic livelihood security  Population of basic livelihood security ol i
recipient recipient /Total population MEHRIC|0[HEE
~ 7 Seoul Open Data
ELol Hl% E}I—LI'—IE ‘l—f@fg% |_|—_|l i (201 8)
O i ; Population of aged people living alone
Aged people living alone [Total population
ChMlch - HRret g ChAch el /AT e
Multiplex housing Number of multiplex housing/Total housing OIZEl ZFA}
o i oae Q1 2/ A7HEE A &/km? Census (2018)
Control variable  Population density Population/Build-up area Person/km?

EF, OpES, P2, ST, AT LAY, AT B A
o] ojof ¥t

oj¢} B2 2 AFolA AE3 TfESAIR ¥ A9, A
FAY =2 Wt HaFE o) Aol FES Ho| ot
(T™ 7 o). A HEHQ HaoflA A Aol i+t 4t
AZ A3 5A7F ol BESHA vehd A B3], 7t2=A1R
2 olggt @A FolE A oR Yeyth FAHFR HEH
=] oA Hot Spotl&2 E&H 85, A%, 9&F A9
o] Hot Spot®| ZOFAAU Hot Spot®] oFd A|Ho g =&5]
Aok, H%ol, AFAQ =4 W4z 4S5 A H27) gol £
g 290 R yehd FAT FECRMY, deAE g, #
oMt 1) 52 23]7 7tE=AIE £E4E Cold Spote &
U, o]2i3t Aolg Holx ojf 2 7]&E w4 Meye A
Al A Aol 1R|7E thti AR W AZA]] A& 2 E]}st
= A0 B3|, 7IZ=AIELS ojint 7f2Hf EXghs At
H AR =2 55 FHeE ZRP| fl2olth

F7H LR 712 5A1E BEM FE A= A T, Al
278 THOE 7I2=5A180] ¥/ 5= A9l Ui A
th= Aojdh. FAF LR HFAU FA Wi A, Al
27 g% A A, =4 95 AHT Hot Spotl &

=55 R0 Hl8l, 7HREAES ofF AXTe BE X7t
F 918 Hot Spote] =&=|%ich. E&, Hot Spoto.2 E&F|
A YA, A A, e R GTAF A A=A
o] ¥/ BEH R0 AT ol e NiREAZY £
Te 57 AYE ASld 29450 TtREA 0] B B
A BA A, £50] & AFo] AFHE ZEol 7h2%A&0|
B UehE 4 Qe B Gl

2. N AP HE

o] Ao A 7} 2] 0] B E FRIgH A}, Al 14 ¥
g B =227 £ A g FHAoE UAHSUAY, 1 K
2 FASHA] GAY HE 2 dEo] LA e AR YR
t}, &, ol JAIRREA F7HE Ap7|Adae] 24 ¢ k=
& A

etk E Aotolxl= ol & EjIsly] Y F1HE 2714
AEE Yehdl= A& A93 2e24(Global Moran's D&
Al 7] A LR ARESgla O dale (Y 83 2
Moran’s I & -1~1 g& AYH, 350 Agle] 1 ko] &
T5 JHA A7 AEr ok djAE 4= Qi EAEE
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101 Legend

1015 ' IO % Ceman area
0.00 - 1.00
1.00 - 6.00

B 5.00-25.00

B 2500 - 50.00

W 500042264

0l Legend
NOVI

0.121-0.150
0.150-0.175
B 0175-0.200
N 0700 -0.250
W 0250 -D432

1l Legend
M= AE GV
27-50

50-T5
| T5-100
W 100-150
B 150-304

8 7. =X[H4E 22 3 Hot Spot 24 (%1919

¥ 8 =X|0E Z7F NDVI, Of2f: 7t=2SAIE GVI)

Figure 7. Distribution and Hot spot analysis by each green variable
(Top: park & green area, Middle: NDVI, Bottom: green view index)

Al 7HA] B2 B A Zp7|Ake] 738t f-efdt Zle®
R THp <0.01), ¥4 B 2}0] 2+ NDVI, 7HE5A1E, 1909
9 U =2 W3 Lo Arage] &4 vebdc, ol
Ahs Al 7H] 52 ¥ FHA FEA0] A5, Uyt 3]
FEAo] obd F7t FARYS T3l FIHA A7) S A
oajsojof 3H& AlAeit,

204 BEAL, ®MseH M4S (2021)

3. 7|=EA

& Q79 7|2 FAEE (B ok Aot £ A FEHEP
Al 7HA] 2] WE AT EE PPFE T gl Aol e o
+ Ack. LR, 7tRmAE FES o 10.1 oA, 242708
AT F5 15), A 30,608 A 28)2= FPeE =



Google Street View?} H2{dS &8 MEA| =X| @8Y 24

Green & Park area ‘1 NDVI

500

Moran’s I: 0.103
Z-value: 5.14

1.0

= <=

8 8. sX|HS

Moran's I: 0.512
Z-value: 17.47

Green View Index

%0

Moran’s 1: 0.417
Z-value: 12.78

-im

) o 2 EXT) o

Ptz bl

=11

o DEx|4

Figure 8. Global Moran’s | value by each green variable

i 4. He0| 7| =AY
Table 4. Descriptive statistics of variable
¥+ Variable Obs Mean Std. dev. Min. Max.
109 4] e TIHE
EFEF_': &_' ;L‘Fkirea 420 24210 89.511 0.000 422.641
=T A T SIALAK A
arilefvariaue ﬁg\ﬁh cau 420 0.204 0.061 0.121 0.432
ItE=AE
Green View Index 420 10.067 5.363 2.669 30635
65A[ 04 HIZ
Aged people 420 0.143 0.032 0.053 0.307
194| Ofst HIZ
Young people 420 0.185 0.044 0.042 0.337
= = >4 7 420 826.547 380.308 378.845 2940.793
FHOIAS A Housing price : : : ;
Vulnerable P
group variable B = .
Basic livelihood security recipient 29 0.016 0.013 0.000 0.096
EAL0M 2
Aged people living alone 420 0.020 0.011 0.000 0111
ChACH- HEizet vl
Multiplex housing 4 0.285 0223 0.000 0.900
EqEA o|z1o
s 00 420 32435867  11594.338 152.978 64549.263

Control variable  Population density

=344 x50} ok NDVI E3F &4 0.121(FEF 3%,
2o 04323 AFF) = e
ME&A] BAF 1AL 194 o3l Bt vl&2 27} 14.3%,

15.5%A1%, o] Y4 E3 PAHFEHRE & Zo|E Hols AL
yebgth, FA1A o2 115zt 194 o3t vl &o] 7MY 22 HH
52 9F30.7%, 33.7%°1c), AAIA $28 gi2jsh= g & skt

2 15—‘1 7t M 1m™F Bt 8279 Yo yehgont, 7H
T8 7HF0] ¥ PHF2 AR RIZEFOZ 1m'F 2,940%F
Yl Aoz A=, 718 U For B dAFiMe
20189 1'47F A AAH7} ARE E&3tHeH, 47 3385
HHF, 55, 718%, 119 25)0lA= oET} EA31A] ¢A

L}, AAH7} o]FoiR|A| gFot EAo] B-EEA FU. 5, &
Ate] 2% 22 42070t}

4. SUEA 28

AN M E 72 A E‘l HEAQ =X ¥ige] 54 A
EA517] 913) i F7H5A 232l SEM, SIM 23
2 4319, o5 Byt Hlma {8 oLs 23 Z3E 3
7145kt 2 Aol e 1219 39 9 5AW3, NDVI, 7}
Z2EAE M S HALE ARESle] BASIGlo, 109 3Y ¢
=AW 2o e, ohE A5H =2 Wt @ £ Qe

H o
T
foeit=2
=5
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NDVIOl| ®[3] AE2o] uj$ 2A Yebten(oLs 2% 7%
0.183), ti&e] ALE- ZAH FAS Heet fofdt WAE
YZ] k= A o2 vVrepytth, mEki] HEA HX]H4 F NDVI
Ak 2o 7|48t %aL, oleh AR HA MRSl 1R A
£ 7] n|aE AAEHY, 41 (& 59 7tE=AlE BAE
£ A Y OLS 28-S Moran's 10] G281 Ueht, 3714
A7e] EAsk= A& AL EjIskct. 28y SEM, SLM
39| 79 Moran’s I g0l $-93H4] 92 A S & ey, o]
+ 5 2go] 37t A7 4T Alolshs bl st RFYL 9
njgict,

SEM, SIM F 2% 5 2§ 23 AY 7|2 LR test &lol &
, A HAFEE QJulsh= AIC, SC #ho] %2 2yolc}, &
2% F SEM 2] IR test o] 21, AIC, SC o] ¥ A
o & Yeht SEME 3F Bg o2 ARt F718 28 SEM

5. J2=Ag 2440
Table 5. Result of Green View Index model

zgo] SLMO B3| =2 R k2 Hol= A0 BRIt

SEM E &A= 654 of4F Q1+ Bl 194] ola} QI+ vl&,
9 714, 71288 ¢34 v1E, oAd 2 a8 vlE, 2
T 9=7t fofdt 4R Yehsdth 654 o, 194 ofs) g
Hl& & ¥ BE oH(4)9] BAR UL, ol= ol& U+ 3
o] Wo| AFsls AR50 2 7tEmAlE0] EEE ] gt}
I EAE £ A, F, 9, vEA A, 7R SAE] ¥
A e} kst solat & 4= Qi

Ty AAE aE B A00AS el 38 71| 7)
Z A% A 1, oA AEFY vEL 7R EA g 42
FH), S0, S0 BAZ Jeylt), &, T4 71H4o] s}
1, 712 SFAT gon, oY - A vlgo] 22 3
Aol 7HR=AlEo] Rria sj4E 4= Qlt, o= B4 A3 -7
AA e AFA o A9 Ex7t 253 UEld Aolz

A ME sI7EM OLS SULARE SEM SUAZIEE SLM

Variable Coef Coef z Coef z
65A 014 HIE ok ok ok
Aged people 24223 372 27.221 4,54 24.231 3.67
194 ofatH|E sk sk ok
Young people 45123 9.02 39.041 8.87 40.253 9.14
TR 2493e03** 423 2617e03™* 447  2017e03** 356
Housing price ) : . : : .

FAAS J|EME AT HIE

e Basic livelihood security -15.610* -1.81 -12.987* -1.84 -14714% -1.87

Vulnerable recipient

group T

variable =A=0l HE - g

i Aged people iving alone 11.904 092 2,041 034 4174 021

CrAlcH - AZE S p sk s : ok E g dokok E
Multiplex housing 5.873 7.71 4414 541 4,748 547
e -72.120%+* -4.72 -60.751 ¥ -4.09 -58.132 % -4.19
Population density ' ' ’ ' ' '
Intercept -6,047 *** -3.42 -6.121 ** 341 -6.407 ** -3.94

S7HARL Spatial lag (Wy) 0.417 =

Lambda (A) 0.512%**

Moran's | 0.264 0.021 0.023

Jarque-Bera test 318210 %

Breusch-Pagan test 124.317 %+ 111.974 %= 96.264 ***

L R. test 67.469 *** 58,174 %

R? 0474 0.587 0.550

Akaike Info Criterion (AIC) 2151.00 204215 2099.74

Schwarz Criterion (SC) 2199.47 2110.04 2129.57

N 420 420 420

Note: p<0.01 ** p<0.05* p<0.1 *
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£ 7MaE 5 dke Aae & 4 ok AgaTelA A Fst
£ =] tigt 73 BB 5ol A&l 7t2Y EX o HEE=
Ao 712 w4 Zaprt & Adof w2 T 71Z0] §4
=0 Q17] P Z(Fu et al., 2019; Zhang and Dong, 2018),
AAESES] A4S 712%A Qlzeb} F8e 27l AF3)A]
Eohe @] widd Ao Helrt,

AEA L2 F 3Pl NDVI 23 9] A3k= (& )3 &
o} NDVI E3 7125418 2ga} vp7HA 2 OLS E3ojlAie
3 A7) o] Aloj7t =7 ghe A& g1 4= Yt 19
o] dak= AolstA F F7EA 23 F SEM ZF oA 3
748 2p71dato] 8] AlojEgltt, 71822 AIC, SC, LR
test f B SEM 2go] AdiF oz o e Kol 9)7]
o], SEM RS 2F ng o2 At

A4 200AF F A5 diske A 654 o4, 1941

E 6. NDVI 2441}
Table 6. Result of NDVI model

oJ3 B oK(+)9] FAZ Ve, 712=AlE nyat SUsHA A
Foll Tak £AFE Aol FHA A=rt Fssicta & 4
otk ZAIA e B HoAS W 39 714, 71288
SEA HlE, oAl dYFE Bl W] A, 42 2,
H+), FHH)Y TAZ 3 202 e} BL.E 4o glof 7}
F:ALE 2y vidie] AE JeRija Qi) o) FE7tAe]
Agstil, 71288 At 9 o) dgFEo] W x|
NDVIZ} £th= 222 NDVIE S48 2] 2= 7343 FoF
AlFae] T QlojM = FHAo] Fugt AR £ 4= it
o|AE NDVI &L HA4 2945 SHo|A 7t25AE&
=2gat e Aakg 2ol glrk, A AFE AAE NDVIE
AT AR AEA] jo] F2 R]ohe it A 5& F
2 z3to g x| ge F4o2 A YerdoHad 7
A1), BE NDVIE 712H 48, 2915 2] 58 98 233

A ME 3|HEM OLS BULXEH SEM BZHAZI2E SLM

Variable Coef. t Coef. z Coef. z
igﬂ'dﬁéfo';'f 0565 441 0336** 358 0288* 338
](gﬂLg'zL';ﬁe 0477** 680 03427 55 0264%% 495
ﬁi;ﬁ - 5134605 699  2572e05%* 304 266705 480

HAAZ  |EMEASAHIE

tHa Basic livelihood security 0.258** 2.15 0.093* 1.7 0.138* 177

Vulnerable  recipient

Variable f;gﬁgfe B 05107 301 0107 077 0314% 253
E;ﬂl;”ﬁlzdﬁiiﬂf 0.042%* 206 0014™ 184 0020% 213
%;f'lii - 24947 1061 21207 1037 AT 90T
Intercept 0.159*** 6.80 0.178%** 824 0.045* 2.47

SZtAIZ} Spatial lag (Wy) 0.722 %

Lambda (A) 0.776%*

Moran's | 0.452 0.029 0.04*

Jarque-Bera test 123.520 %**

Breusch-Pagan test 88.087 *** 86.842 0 75910 %*

L R. test 199,571 200.483**

R? 0.324 0.639 0,630

Akaike Info Criterion (AIC) 131660 151617 151508

Schwarz Criterion (SC) 128832 1487.89 148276

N 420 420 420

Note: p<0.01** p<0.05* p<0.1*
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T AT, AF R W2 =G0 X 30m)R A3 o] %
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42 EA| SR Qo] F2 AFSh= AR BAE L9AFE
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=594 "ot
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2018\ Hofl #YH GSV olu]#] 138,930 F+53191L, 7|8
58 DeepLabv3+ 2% 8830l 7jE ojnjAE £& £, 3
e Bat 7HE=AES ARSI Ao AEE Al 71X
EA e B2 7h0] Bl 9 v|aE AAS T, F7EA B4
T3l AE1A HAS ATAleke] HIASE ERIste] HA|wE
PP A= ARSI A4-9] A= ot Zd

A, AbERE Al 7HA] HA¥4=9] & U Hot Spot £4 &
3}, AFH A e 712 =AE BEE Aoldt 2R U
Ehdth 4 A4 2] Bl 39 9 5AWH, NDVI= 4
gFog fARE BEE Bt A2 AEA| FA|F e
oL AFR 2 Q18] 152]7} o] 23} Hot Spot 2.2 YERE S
B, A Y Y5 2 Fof| A= Cold Spot2E et oo ]
3 712 =S M AEA] A G =4 £k BF0I
Zglon, 233 o] AR A% Cold Spotl-2 HERY7]
T 8iglc) 3708 712 E e MR, AT
T 952 A Y= 228 1 o2t Aloje 7h &7
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Figure 9. Distribution of socio-economic vulnerable group

(Top: housing price, Middle: basic livelihood security recipient
rate, Bottom: multiplex housing rate)
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