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A Study on the Housing Sub-Market Classification Using Geographically
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Abstract

This study aims to derive the housing sub-market of Seoul by analyzing the spatial pattern of the influence of accessibil-
ity to major employment centers on apartment price. In detail, we measure the accessibility to major employment centers
in Seoul by using the travel time provided by Google Maps and SK Telecom API services. We first modeled the housing
price based on the ordinary least squares regression model and confirmed that the spatial heterogeneity should be con-
trolled. To do so, we applied the geographically weighted regression (GWR) model. Based on the GWR result, we obtained
the spatial distribution of regression coefficient values of the travel time across Seoul. Next, we employed the Spatially
Constrained Multivariate Clustering tool to identify housing sub-markets. Finally, we further investigated Songpa-gu and
Dobong-gu, which are representative housing sub-market cases. Main findings of this study are as follows. First, we con-
firmed the spatial heterogeneity issue of the apartment housing prices in Seoul and controlled it by applying the GWR
model. Second, we derived 30 housing sub-markets by clustering areas based on the regression coefficients of the GWR
model. Lastly, after looking into differences among sub-markets, we suggested that our segmentation method and its re-
sult can provide useful information for understanding the housing sub-markets and implementing housing related policies.
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X27tEEH2ES 8T MSAl FEGIRIAY =50l 2t A7

|, g2l ufE | =X

A3 g5 Fof whet chggt 3HIAI R sub-market) S 4
3k HAE AT IR R, FgAE Al ANEQl FEA|
A 0] e, APEA, AR} 22 Al uet o2 319
Ao @ SHEEICHEMITE, 2016). ClE B0, A&9] oltE A
AT G GEFE AR AR o2 J4E 7R 93 of
Z9] Wizl whE ¥Rt 2jo]7} Qlt, ol= F AlRe] thE 74
AR 8RAE 7ML QAU 7 aR1E0] 7HE el m|X|= o] ot
27) gl Ao},

FE9] 3I9A1FF HAo] Fa%t o= FAH SHIAF 2
of gt o]3f & Fa AlLake Mk 7hx| AL Bl FHA Y
& YT 4 W] giEoldt, shA|ut FEakA el gt At
© 1 9aAdd} FaAE ekl 3] MR R
th. 3M39HQ2016)= S-Eluet FHAYo| AL DU
O F Zhstal A% AvE EYE A" AL AAEct
EZH oJFR 2(2014)= T4 Q] ARt Ao dfgt At
IR o H]SlA] g4t Rl A el gt At FEatha 5
A3t

FEIBRAIAS] -2 A9 Gtito] Q7 hs BA7te)
skt B2 uet d2A 189 4 Qlek, weba] FE3H9A|
o] LS Bt BA1E 7FA| 3L 2419 i), A, Al
A AAsof gk, FE19] B4 F /M F50= A F 84
£ 1F2] Hejgolct, 53], 52 ol EAlNle] FAZ
& AAsH: ) v)$- Fa3h aQlo2 283t zHAAHA|, Al
SAOA tiFiLgoe] Helgt AEEY AAde] FRiR AR}
FE7tzo] ¢ vl AL 53] & 4= 9tk

EG, WFAHA E0] WSYL FE7HA ] X gge] 2
7] o] N2-g dfFuEAAe] a7t 2 AL FHAR
o] Zojalgo] 9 FE3h= ARgtelc}, Altkrh =ule] FAMY
T2 SR o] FHPYS APELaL Qe AR JReAM =
o] He|dat Fe7t2 0] BAE Fag T4lQ) giiolct, 4
& B4, 84 A8 3ol gt FEEFIHEGTX) el
7k 219 9) o) 54 Y A4 Wil n| A gt oo @ F
7H4 9] wish= Aot AR} A w28 FAo|ct,
oj2igh TilL vrgahol Siot Akt A+ FAIE Al A+
oAt KB, 2004; 39 - o] 5, 2018).

3RAgt wEo] He|dat Szt o] AWIAZE AZA] HA|
oA FUEHA H-E=A] & Aolct. flollA AFsIRel A&
Ao FEAAE: el TolAolg 7] ot thefet BH9jAIAe)
Agolct, w3, 1F Helgolehz 7hx|of digt 289} o]
HHE o|FH 9] AN FE7HEL th2A P48
Zeolct, Yoz, ofd iFthd 7|10 R g %] Hejgl
Ao wtA e 1 7EA7F OE 4 ok 387] o] goR

WF Y] 7HAE VIS0 R FE 9 A ke A
o] 7Fs8lct, FESHIA v ST wF Hel4de] 71
7k FE7A ] HhgE o] 9l& Aol 1 7HA7t el of
BA HEEH0] A=AE Aste] A9 FEs9AIF0] 0%
Al g0} A=Al shefed 4= gk,

Qs HiTiE R ASAE 1 g HARY FHA
Zto] A1 &A19) ot E 71 o] w2l Y] T4 HEE o
85t0] A2A| ofItE AR SRAIY A& BRIk AE &
2 o2 3}, tidE oRtER AR o= oRHETL A& A9
FAYEE dFIPAAE A 08 FAskE Fgo)7] o]
o}, Eh, AgFHA R wFthd FHARE Aol oA
A7l 2 S vAE TIHE-S tiHshs R AN
Elo] 159 M dS v}, 24 RYoRs 4T FYA
Zto] ot 7HAef| | A= FFH Q] F3H ApolE EFfui= 2
B A7 R AR S BRI S 2] B vk
S SIAER S wF Ul iRt 717 o9 A §
o} A=A Aw ik, ol & T3 shoiAlRe] = WiAlE
ZH A S4E wtefslal, & Aol A AR -8 W4o) 7t
A= ojojet o8- Wete R,

1. O|E H M;AHT 1F
1. 8= 7132E

1) sz 7H=H= 2 7

3=y 7HA4 2L Rosen(1974)0] AT P o8 Fgito]
7HAE APgshs o ARgE vk ohuzh, FgAke] A5 5
43 87 W AT HAE §9] 7HAE B718hes b ARE
(i 2, 2018). Bi=Y 7HARF O R FEA 7S T
A2 FEAtel WAlE S4480] Feate] 7Ha& ARt 7t
A& AAR skt gl A7k thgt FAof it g At
7k ey 7HAREE ol 1 AE2 FE T8 WA
R4 AL 7 39 M7t FE7H e vlAE 9% A
Hoktk, 53], f2lve) =AY A FAZEH oltES
ez 3 A tpeRt |4 SRR Fal
d& S, °olEs AQo1)e oME HHE, A -HHE
(2007)2 obE ¥ HHHES F WHHsR HAsiaL =
Y 7HARY S o] 83| olE 7HA 9| | A= S EA ST,

2) SEH F1HBSE 0|83 TE MalAnt Feiy|zio)
2ol cht e

gy RYE ol aFe] Wt FE7tAe du
AlE wtetdt ufii=o] tha= EAR, olsfel 2J(2016)=
EAAE 3340930 24dA |7} oftE 7] nlA = 9
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BAsg, 1 A, dteAdE 35410 5o 4E A
Aol oRtE 7HA el 342 S 71t AS W
on, opitE WA W HFALAYUR 354 FfFo] FH7HH
U A G LA

s 212018)= thEaEe] Hejido] Z7|%= oftE 7144
U2 G ARl ol diFaE HeldS M 7t
& EAEEY ] A, SPHE, A& AF o, JHY AH
o7 FAHJFAGH(Central Business District, CBD) W 7d¢]
FZ4HGangnam Business District, GBD)7IA|9] 4 QA]7k}
Zo| AlEtslste] M2 o] 833t &8AZhS A4 dis 1
€ 99 £8ARE vESAS AA4ste] o]}, ApAoR
A o gt Tt AR ohyzgt ZF HoflA] o] 88 &
= A A0 5 oftE 7hA o)l fofn|jt FRE n|S ¥
e}, E7E Ayt eAe] A - A% &G0l Qo] 79 ohulE 7t
2] nA 4= Q= VS At sfof TS T8I

1 QJofie FEL- o] A(2013) EAHES] AE EAIH
=] Aol FE7HA Wzl v $HA] A1 antE
AHA gty KT} AN AL A L YE o]88o] A8t
G}, E3E SRR (spatial lag model)& 83 S A%
HAOE AR AR FHUR| SN BEEE FS &9
e, olF Tl A=A E =9 AY - 2kg- 7)ol whe} oft
E 7H49]| A= ¥ L&t oleh fARE At ARl
OJF(2018)= F4te] A|5HH ‘AlgHo] ofitE 7h2 o] n]X|=
FEFE =Y 7HA RGN AR R|E STkt 24
Yot 2 Az}, ZeHA weAlgAe| wpet A|aHE o) ohitE
7t 0] v] = G o] 73 US-S AR,

3y 1gS o] g3to], HiwFol Hel4o] FE7tA | n|
A 3AAY TS AuEd 9 45k v EAR,
Dubé et al, 2013} thFiLF Qs Qg ot ate KgAit
Aol Gl AL AFd] A3l 2EFHE AL £0f
(Montreal South Shore)ol] A& 7JEE= E19x} o FHol
Fe7H4 R3S E431gct E3L Pan et al. (2014} FAE W)
ERdUMETRORail)T} 45to] Z|5HHo] o ¥ Fe7140
frejuiet oFe] deke Euhal #8123l Jayantha et
al.(2015)2 FF-& WA= sto] =& A|8Pd Zd/do] ot i
71 alg Hel gl dizt 7|2 o R FEA S S
ATk A B,

HAE o]§3t wEe| HEyd FHE & A EAR
Deng et al.(2016)2 "o g52]%2] ZHdFa A Al
(Beijing Southern Axis BRT Line 1) AFAS Al 2 &%
H g Agste] HAGHHABRT) AR ARt
800m o|oll EAJeh= FEE2] 7Hof vz GRS dohsk
t}, 2 A3}, BRT AFAC 100m 7R wiojch E717b
1.32~1.39% S7RIth= 282 YRd E3, s 37
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Hrhs A2489) 3 2 AAL 70 o Fa3t IS
7Hlea g

& Yo7k, Hou(2017)= B e 7HA 2% (multi-level
hedonic price model)& ©]-838t0] RAQPAH A 7HL-E(Los
Angeles County)®] 55812 Q02 RG2S o83t 5
o] Heldat FE7tA e BAE AuEgtt, AR, oA
A5 AR BAE e g AR AN AEEE 78
o8 3 AGA RO HA BT o]§sto] EAEI w42
I, BAE e H2AN 294 2 LA B 97
o 34 YIS 7IA= AR gepslglal, AAE et
Hdol #7140 o 2 S 7Hl= A& B

f1et 2o, Fi=Y 2FE o]-g3lo] 1w Uel4o] FE 714
N A P AHE IR § o] LA R o] RO Ak},
Zp At} wge] Heldol tigh M v 538l
W EARo e Zjo)7L AR, 2 54 wFsd
A wFe HedS st AFel AUt wFe #H
2)/d& Kok Ags] vtgsty] SisiAle o o] ofd A of
FTUF YEHIE o83t T3] H4S Holof jirt, EIY,
A7REE o] &3 FHE A Al E|ojof dhrh= AMIR 1R
RS uf, wFe] Haldat wAvt Mo oA 7o)
-,

Bl E' PAR QA HAY A4S skl AlulEe]
AAZ Adshs F38Y 8olide o ¥ Wgstes Alee
USRI 0] Aol A= ol 2Rt lglo] REsLt, 53],
T2 giFusAAate] AR wFe s dshs ¥
S e A 2 AE 7H el glh 71&AtellA
283 WS SN0l wE AIAHS Sl A
WEHA] S B ofye}, wF AR 55 A AAAA T
AZEE ZJeksiA WA Z317] wlzoldt,

2, X2)7t5EH=E

1) dlo|E{e] ZZtsuiet X|2|7 k55| H=E

T olE e kA F sl $7HA 24 (spatial
dependence)©|tt ¥7H4] 7] spatial autocorrelation)&
WAEkaL 91& 7Fsdol tHTobler, 1970). 53], 54 @42
T g oldfslal 1 sjgef] Y T AUAES 2AHT
o, dlojejof F7HA 27| o] EAsHA o5 Rt Hto]
Hasict, 3H, FHolE ] $7Hat F 744 o4 (spa-
tial heterogeneity)®= 3}, o= 37t Hlojg o] ez 4
5 2k WAL S AAS] B4l et Aol S A=
295 ARQFHeIFA - =54, 2013), T A& FHEARDY 5
714 2] BA7} 2| Hof wpz} GekA| = 7397} df 2 o]},

T, SR TPESE WS gE0) 2 92 T
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W7) wfZel vehhs $7HA AR, 7 R w2
WAZE 74 4210 upe} vh27] whiel WAk 744 o] A
8L Fdolg 7t 7H 4= Qe statel, ofof whet ¥7t
7L AR A9-olls W8S 1] 594, oAk A, o4t
o] 594 & 7Msks #4A5 W (Ordinary Least Square,
OLS)& ol-838k= Zlo] AHs}A] ¢t o E s Ast] sl 7t
ATE AR of7] KEEo| s gt IF shirt A2
7Fs 8| golct,

2) X2)7kasElH=Eel JHd

2715871 R BAIG7E 212 A ix|of we} =k
A& At =213 ALY FADHIHA - s,
2013). 5, SA|ofl we} F&Riae) SRas 7o) WA} o
L 7Hgste], S f1Ajef wet S Raee] HeE At F
stolte TR0 Wsh Ayt rpEnial B Ryojr(Rad-
o214, 2015). 71242 AAF 3| A4 HE(u,v,)E F3
A (1) Zo] vhehdich,

Yi =5 (ui’vi) + Zﬁk (“if”i)l':'k te 1
k

A SRS AHfitting) S uf, SR o YA)%t
AHIE2 BRI 7RSS 52 7SR efd, (O™
DoflAfet o] 2} 3| 71 R AF A W] ARl 7k
A& A8 A Wi = A A3 A2 djel
ojgf 2R, A7t 7RSS 2 glol Folhoi (Y- A
A, 2012). 7F-AIE REE o83 7HS A= A )2 E

w;; = expl— (d;/6)/2] @
di= AR & 2872 Azloln, 6 el E(band-

width)olc, TolEL g7bo] B4 vlojaks Wav} A o] ut
o elnht wizksiA Wah=A] Uk A|soleh(e] 4 9,

XON

X regression point
® data point

2006). HHES AR, 7P o AR o w}, 144
' (fixed kernel) 2-3-% #'d(adaptive kernel) & 23t}
AR GolA FEH S| FA AR I oS
IR, EFA S REFHE TP o R AAste] 2y
O AR=E Y 4 AHe]3]A - =54, 2013).

3) X[217t5EHZEE 0188t sz 7tz Ee| FHMo

Cift ot

3l 7HARES o] §3t of7] A ollA] FZidolE 7} 71A]
€ $EN7E BAHEA, o]F IRt E4E Aldk: A4E
&= ojFoigr}. A8 MEAIY 5 AdAEE
Al o R EARS f Holg o] FH3 o)AAdTt 31t
A A7)3a/de] i HA] Zeke A AR, oo wheh dvkel
2ol AE FAARY, ey, A SR
o] Ao} luste] S LY Eo] FEHA FAHYS L+ A
char AGct, o]e; AR Wen et al, (2018)2 FA$-5 djAr
O 8 WZAH|A pET FE7HA 0] JA S dohiy] 93] 37t
ALY, SEeaty, A 2)7kE 3R g S Age R, A
27158y o] w0 2 gl HLA ) 7Hxof gt &
THA o] A& AIpA 08 IARItAL £

1 ook, AAIE - el 2014) S BEA] FAAEE
o] &3t BAoA e HEe]FRY o] AR JHR 7148
Qlo] Aol AL Bt AUsHA EABIR, AEFAIA 7L A
I 22 g7yl -Gt FrHLg o] Fuddo]
= Ao 7 =3t Olszewski et al.(2017)S ZH= vf=2 A}
o] FEZ diFor 3 AolA R|E|71E3lA R o] Ago]
22 S o8]t AN FARARLFPHT} AIC(Corrected
Akaike Information Criterion) #+& Wi, R* g+ Ath= A&
Holn 7§84 Adsigitth

Uo7, 4743]016)= 7129 ey 7HREE o83t o
T4 AbEE oftE 7hA o] RS v W] HAQl
gao] Fx) &2l ZHAME AL 7 4 ARl s

)

\
o &

X regression point  W; is the weight of data poing j at regression point /

e data point

ag 1. AHE e g
Source: Fotheringham et al. (2002)

d; is the distance between regression point i and data point

Flgure 1. Concept of Kernel Function
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O A71R, olzgt #AIE s Ak Sl 227k
Fo| -89S A on, A2 oltE AAR 227t 7HA]
© AlEZHA o)A Blsh 2|27l g o] Unts] 7|
FHot 23t PP B},

HE e r, wEe] Heldu wd A4S A Ed g3y
- A LA 2017) A& ohtES] AHY HTA4 9 7HAE A
7V 812 gL o] &3] B4t o] Atollal= A, 17
I AR AAS A2 77 fouiet 2ol & BY
& SRk E3F, A AR 4ol duke]A e 7] 7}
A S A7) FA wiA|, ko] A, @] At
o $lufs= 2S 2

Dziauddin et al.(2015)2 We|ojA|o}e] FUTEFE =i
HollA AR Fe71Ae| gt FE S A3 AR S
ol-g3to] w45t HA R AAAE T A U 245
Ao gt H2A o] FE7HA o A IS vS
Husiglch, shAEL, 227kl E & 283t Ak 9149
uet O FFE ] 2719 B3t defAle A& BT, o
€ SR FHAY &55E, 7189 dqFaFAn|Le] A,
CBDEE] Ag] 53 2 thE aoflA 1 o5 3-& 4= ¢t
3L Avgsiaict,

Fsto] Aelshd, FE7HA 24 oA F1HE o] FAAE ag
3h= A i e- Fastal, A27EslH RS o 85t KE
A it A24E ole Hl 71o% 4= ok E=3, 22753
AEFS Ao nn S| 2GR ojet Fe714
et Fars At oR ZAF e Qi) 53], A7
2YL o] g3t wFo U} FEH7EA ] BA o gt Aol
A 1F Heligo] FE7HA | nX|= J3 e 27]9 B3}
AR 2o 7} k= Aol HaLE)7| e 39l

3. 3l9AIEe =2

1) ZFEASIRIAIE

FEHBIAL o2 SHIAES] FElETHE tiAlgol A
o7 g gt AL 8 AlojoflAls A5 A7} 7}
&3 FHE2] otk Bourassa et al., 1999). TESFRIAIR;S-
BgAbe] 7ixE BAQ WA, 34, olA4oE Qlg)
APgelA =0} F3e] ZAAEe] e SR ARt
=7] wiel A}, &, FHALE FHH R =] &
Bp|a, of2] FEBIIAICR oA shute] AIAY g
3HA| ShetH &7 - B4, 2017).

B54t 7H2 o] Aegt A6 QlojA] By o] et 97t 3
AAES] Azt B0l ule- Fasict, AR Ag7tA] 7+
FA o] Al tiaA= ofe] Ate} iego] glof Ao H
3) ke telof digt WAL Ao R HE 1 o

118 "ZEAE, xl542 H75 (2019)

TR T4t s9IArge) A ojeh T 18] o] Wi &l dis) &9
g ot gliths A2 & & ok di8AI9 9 o2 oS 1
eksHA etk Sy 2y Avke] oS Ak 44t
off §cHe = 2], 2014).

Ao R FEBEQAIRS Sl 1 AE 831 ol
$317] Sf3lM= AtAte] 2|3t wietof ul ofof A A3 2]
HEALS. ARg3[lof $HH(Bourassa et al., 2003). ©|A= 2)2014)=
BHEAY 18] WPIES ey 2y, chsE 247, o4t
ARy FEAZIN, 299 7S o] 83 WA e R -
AAEHACE, chgRt FEAE SIS A F A WA
g5t o] B4, At A, 15 7 AR 5 A%
& T3] ALt AAte] wko] Wasict,

2) X2I7I53H= S S 088 FS4t St AR 28t 7

A2)7F5 8l g S o] &3 FHSIAY T2 A&t 819
A A F Sl 2EE o] 83 Ao &3t A|g]
7Vl AR g FE7HA ol o] F1HE oA LA 7}
AR E |eE0 AE bEA A4S 5 7] bl 23w
A 5% B FEAE s EAIE uteslr] Ayt o
of uke}, 2|2j752] 713 o ol#7t /o] B4t A
E2Fh= o] o] 88 4 e Bl Aol AyEH Y

3 (2010)& A 2)7H5 3] A E HHE AEA] ofItE A
A 7E Aol A-gafiA FEAt AP F7PEAS RS 4= Qe
WS AASIGT, oful, AEA] FEARC] o2 o)A F FE|
SHAIO] FAE o] AS-S ¥IBlaL o & HEA AR H 7 Y
of 883 4= qlrhar aFgict, E3h A4 (2016)2 A&A] ofut
E 7M1 & 3T dled Y-S 53] QlolA] ksl
&, SRS ARY, eany, A tEAny F A
2|7kl g o] 7H AT Bl of A A|27E
3R YL FEA o] of2] o] A SIYAF LR o] FolA g
o B8 4= 9l o] & 83| A o AR rteh 22 EA
AAS 9t BAAS A AR B8 4 dokal s
ek,

t Yobrh, A2 kse] AR g & o g3l FESHIAS
at2i= A7t o] FojA]7] %= i}, McCluskey and Borst(2011)
< "= 370 7R2-E|Q] HojHiA Af2iaEl, FHEHLA] 242t
SHAAS ZAFsIAL A2 kS S] AR o] Al7E FrARE S
7| LR SRIARE FRlshe AT Skl ERE, ofd AL
WAE B8l st 8] =] Aolal E4 A S T3l
o]Fo}7 = A FABIAL. E3L, Yu et al. 2011)2 A=
7h Aol& SRS F8ske Aol AIE Al71skic 1 o)
oto g Wi7)9] FEAPEE o 73 H Y Aes
&L, A 82 918 K-BH(K-means) A1
ARg-3EGLE,




X27tEEH2ES 8T MSAl FEGIRIAY =50l 2t A7

S AFE AR olFR J(014)= 019 A2l
myo] Aleg o83t SIS sk Aol B
stal, ALk 3AE AldBshs Ao 23 A% AAY
o}, ZEHA S P FEA s 8l el
TG AR E A8A AEE 7P A E R
ARGE ARSI, o] Algee] F7H2] LEE v oR F3H
S8 AHE sHFARE HRIsl7] 18] SKATER 42|52 2]
S5ttt ol& S FHY| 24 54 o] IR o
27 E3E3hs A& AP 1, A28 AE A8l
FEAL SRS s Ao] ThHethe AFTA R U
Heloh

AES AHARIES S8, 0|89yl A= 5
SHARS] EAE EASh: H 8%k AT 4 Ak A
7k AR tEA AREE ASE o183t oAl AR
Ql F2lo]ie 0] 88 = vk AL 2T 4 Ut SHAJRE, =]
M ol Y41E ol 8] AR 8 A7} oS- AR
A& &4 Qo

4, 2 A72| X1EY

& AtoME AR ARE S o83t AEA oltE
SHAAPEE] EAE ERlstaL 212|753 AAIGE ol 83lo] 819
AP TS Aledi, ojufl, FEISHAIG Aol FE71HA 9
A% YIS VA= AR ofF AN FHH| & 159
Halds iR 4 e ¥ 2EFHARY 249 2
AE Bg3,

TARCR, T ¥ 58S $18) Google Map Direc-
tions API2} SK Telecom T-map 7AESHH APIE o83l 75
4 e A AEFHA R diFas W 2SS o8’
T AR E ARSI APL A& B8 FRAIT AR 7
& AE0lA o83 HHA W] vlsl aFAF W w4
T} e 2055% ghEo] W Yustn 3t wEe]-8-S gt
P UE B ohE), £ BMeSe Ths st AR
% bt

FE O] SIAIR lmES SR ol A2 el o
AtoflAl= o] AlEER] eRolkths HollA 2eE 7Hd &
AtolMe A7kl o] Ao $7HA REE 27
B4 9] AE o] §3le] FHH o R SRS FEFH, o]
T A AARe] FE iR A 4= QolA =24t A
TS 5 e S 7

yolzt, 2t sH9jAIRll A = RS o8) Fe7hA o] W=
FFo] thE delol tisiA] ofFA HEAE R HE &
Ao} ZpEYolt, o] WS FI 4 FHSIANRY] &
HolA] EAAE, FHZFAR, wFAE 52 2ofelA #-§7

AEE A= Ak 7K Aot A eR, 7129 =y At
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W 4 Qe 35 7B EE F 26067 DA o), AL
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G AR} FE7Fs F 2606712] ohtE ©2] F 20179 AA
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aFglct, A-te] ARl 2018\ ell+= 20179 9] W F/FsE W uhRzk
2 S-S G83 18F AR 0] FHAITHE A= APL £
o] BrPssict, o] wlel, 2017d001A4 20184 8% Afolof i
PF W AFAE o847t Ag 18FARRE] TP zto] A
#312] gk Zlola} 7HAslaL, 20184 89 B HEAIZ 7%
o] SPAIZHE ZACt

2, Aol MY 3 Y

1) OftE 7124
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AGE P& wf oltE TR FHH R 9IX7F AFE, o]
2 Q3 A7ksd AR g =5 Al w49 d9E5S dAs
Il 20| Ak AlYsh= T oA EAI7E A7) AL A8t
7] $130 dlel’E vlg] 7hgstgict. AR, oftE A
2t Adar o] DA HAT A7t S ofatE TR B+t
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2) wSLHH DEFMX| HEY &
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22971 2139 FEAE A AT APIOIA B8R= Y
Ao et mFe, B3t EAAZY, SUR], ZAA] 5 o183
873 2TYES 23 2§, 839] Atz wiehE JSON
Fej o] upelof] Q= T HpE &0 A4S 229
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o $EY 71 WANAT APIE o] §31Th o] 913} WA
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OWE TA|9] YASAL Tt SlalH WGSsRHEA R
A9 AYY ohikE T2 SN YRS FHAY TMREAZ
Bsloict, Eat, IAPREEAN A7, 5oL, Foha,
BEERY ANYRE FEL, AFLAE DBIA FY, A
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oHIHE SHAIRE 7] ARt TS Al
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Clustering 75~ ©1-8-811th, 941, ohitE ©2]9] YjAjAla=
A S g/4dste] AARE dAsRE Hesigld, vae
2, 37t 109hm® o4Fe] FHo] Ax|ak= & Aejskit.
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X27tEEH2ES 8T MSAl FEGIRIAY =50l 2t A7

V. 2Nz}

1. YHRMESIFEA(OLS)

ALY S 3 dssAdT FoES et
GE DI} o] WEE ARSI SH¥SsE olutES] Ee4
B4} Q1A B4 o8 et BElA EA40A Zaaet
AoAS A FE fER AN A2 oltE 714 A7t
FAAMHIAE] slEro R SO JFE 71X AR B AAAR
ojFoll= AN ol &3t 7|2 g FE 712 = A& BF
a23}7] fi3told,

R0 7|2 8AFS GE o 2t Al BAE A% 20179
O] ME&EEA] ofutE vijrjAle| o] T} AA G A7t 2 B
A 08 6835 YO R VeIl X4 2587 YojlA] o 2295%F
A71A 9] W E Rt E3 ol ETR| 9] Z a4} 111 e]
Bt oF 194, oF st & vt E3t, Ag4] ddtx
& 7141 oltETL 13.7%, fEEEe] WiEAlE 71K ofatET}
67.3%5 A3}, dAE Adig= Bt 52 L, 201749
A8 B7E 1091 oo AlFAZE ot ol E ©R] = A
] 32.1%5 A= A= ettt

UREHAA B, 337HA] 9] BatA gl = oF 4200m ™,
| oF 19} 5000m7HA] HoiZl 3t EA3Hgct, wATIe] of 7}
5 I SRR U] ARl Bt 355mE Vrebw), i

H1.84 M2 Table 1. Description of variables

SAVR 2Feet aF stz o] A7t 242 Fet 358m,
627m=E Vrebyttl, A& tiE A ARl A|EHa e
29 A= WA 2R 580me2m, |t oF 2950m "ol of
HHE G| 2281},

2 A7) F WP A 1EFAHA R TS
s oSS o Hit 28, AFAE o801 Pt
4430] 20 5= 0 Yegt), tiFalse] 4= A 178
ANA] 7787E2) €] M E 1A AL, AFEAEe] 9= H4 158004
7852 AIZPESIE 7HA

A A% F AR AR FPEAS AlFsielen, 1 Aike
GE 3 2}, WA FA44 SAFE AHEY, VIF(Variation
Inflation Factor) gko] 27t} A4 Al 5-& Alejet &
oAl 10 EA] godet, 2eju el At Al
7¥5t o] AFRIAS 7 B8 VIF gho] ) 2AE U %
S o) oAl thgEAAd el A7 ZEHA HAYEHA] o=
Ao F wrsoict,

2t 0] Y S B4 B4R E WA AmEd, s
o} AaAs Alge AR Q18f ohtE 71243} Zad4e] B
7} ol 2 BT 221 1oke i, o 239 713 e R A
A2 ohutE 72 o) ot FaFeo] SO Gl g FFe
2 HE o 4= ok @RI Bl A, iAo A
PRl 9oz oltE 7h2o] Yolzltt, WA, Aldisrt 2
55 oftE 7142 Apq o, Ao 435 AlFAPL A

¥ Variables 449 Description
BLtH CHRIHE(m?) S HA7HA 2017 OHIE Al72f7to] THX|H TN (mA)Y B 7t
Dependent variable Transaction price per unit area (m?)  Average transaction price per m? apartment complex in 2017
AuFH4 Apartment age £01Y & ZA1I%H4 Years passed after approval date
A4 M Apartment age*2 5012 & AnRi0| HiF Years passed after approval date*2
" ST Entrance structure 2Al=1; ATA=0 Corridor type=1; Stair type=0
SHH =
Apt. © LUl Heating method W& =1, 1 2|=0 Individual heating=1; Others=0
attributes s Number of households OfItE £tx]9] Hlth4: No. of households in apartment complex
20173 AZ355E7H 109 0|ti=1; 1 2/=0
7183l At Construction company Within 10th place in construction ability evaluation=1;
Others=0
- Lian 3t2k 42| Dist. to Han-river SEADIX|S] 42| Dist. to Han-river
Independent =° i =° i
variable 22 72| Dist. to park 7FS 7k BRIEK|2) 742] Dist. to park
E5&u 72 JHS 7k 2SRl 72|
Dist. to elementary school Dist. to nearest elem. school
OIXIEA . - 4 . ) -
Ifloﬂz;ign 158k 72| Dist. to high school 71 7k ns8hamix|Ql 742] Dist. to nearest high school
attributes XI5FE27IXIC] 2] Dist. to subway  7F 7HIKR XIGFETIXIQ] 7{2] Dist. to nearest subway station

i)

E10S

SYAZ! Transit (travel time)

HERES S8t M T8BHAITIKIS SHARE Eat
Average travel time to employment centers by transit

KAt E&AIZt Driving (travel time)

NSRS S8t M2 DESHAITIAS SHAZ Ht
Average travel time to employment centers by driving
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HYS NS 3K - 0f4=7|

B2 7254 Table 2. Descriptive statistics

¥ Variable £H2] Unit ZF Mean  EFWXIStdev  ZXU Min. Z|5H2t Max.
Clo|H X ct 71 Of &
F::E;cct?;ria;:i}cg per unit area (m?) W]%,SIOO 683.222 285.052 267.902 2294807
ZaAS Apartment age A year 18.725 8.702 1.000 50.000
ZIfA4 HEZ Apartment age*?2 & year” 426.297 376.100 1.000 2500.000
$MILE Entrance structure - 0.137 - - -
A Heating method - 0.673 - - -
Mch4= Number of households - 552114 600.332 23.000 6864.000
7143| At Construction company - 0.321 - - -
$1Z 742 Dist. to Han-river 100m 42.056 34.075 0.933 149916
=% 72| Dist. to park 100m 3.550 2.868 0.000 18.812
Z58t1 72| Dist. to elementary school 100m 3.575 2.002 0.112 18.807
158t 742| Dist. to high school 100m 6.272 3.751 0.082 26.254
K[5PEmIX|2 7{2] Dist. to subway 100m 5.798 3.665 0.384 29.524
h&sns SAZ Transit (travel time) minute 41.573 10.964 17.267 77.088
KSR EAIZE Driving (travel time) minute 43.960 13.971 16.289 77.788
HE 4 Number of samples 2,229

H 3. Y9N H2 Y 2AMZTt Table 3. Linear regression analysis results

SR Non-stanl::anri:i:}ednfoefﬁciem EBLAS
Independent variable Standardized t-value VIF
B St.Error coefficient
4+ Constant 1443.042 *** 28.452 - 50.719 -
A4 Apartment age -25.516 *** 1.732 -0.779 -14.732 14.735
AL H|E Apartment age*2 0.566 *** 0.041 0.744 13.920 15.073
SMLE Entrance structure -23.250 ** 11.758 -0.028 -1.977 1.060
A Heating method -151.423 *** 9.358 -0.249 -16.181 1.250
Mch4 Number of households 0.076 *** 0.007 0.159 10.939 1.120
7143|Af Construction company 31.312 *** 8.873 0.051 3.5629 1114
812 72| Dist. to Han-river -0.364 ** 0174 -0.044 -2.092 2282
=8 72| Dist. to park -2.185 1.441 -0.022 -1.616 1.108
A58t M2| Dist. to elementary school 3.408 * 2.057 0.024 1.657 1.100
sl 72| Dist. to high school -1.595 1.107 -0.021 -1.441 1.7
X|SFEIMIX|2] 72| Dist. to subway -8.464 *** 1.245 -0.109 -6.798 1.351
iEns SYAR Transit (travel time) 4717 *+* 0.813 0.181 5.801 5.156
XtsAHE&AIZE Driving (travel time) -13.559 *** 0.657 -0.665 -20.623 5473

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

Holth A9ol= ouhe F1o) FAA e Wale B4

E40] BE B 5% §O5EN SOl A0 BHE

on, g Hie] MBS ARTH: wte) AL A
& Alejstini 2z FUs A%e] 157k AHEE It

X BHNSES AHRY, $4 258w Ae, nEta

Az, 29 A2) W47} 0% felazolA folalA) g, ol

122 "2EAE, M543 H75 (2019)

258, ATt 22 WA iRt HE Bl
Aol Shatat 22 A Q) FEg BEHA] 23 FRoflA] WA
g Zlom Helny, yhdef b} Ao} A5 A7t 7k
5, AFAE o837 A 1EFTHA R FHAT) B
5 oltE 710 fofvt 344 FFE IR AT, diF
& o8 A& AEFTHARY FHARI] FESE olE



X27tEEH2ES 8T MSAl FEGIRIAY =50l 2t A7

7HA ol 42 JFE v|X= A U2 AL 53 gido|dt,

& Aol o] FHAIZE W7t A FAEC] sk i
FH-E-S &3] HYsiA]= Ratchs Hol 2 olf7h 2 = A
th, 53] digaEe] Beols e, E5A, 8535 59
QRASAY wFHgol s F= v 2UAS0] YA, ol &
48] BHdskA] Rk AV Aok 3L, fFaE SA
I} AHE AL FHARY] 7HAE ko] A B diEaE 5
AZba} 2P A7ER] o] A7} 7Rl el AL 2 ol
7FE $Ie Qi oj¢} W, HA AR diFuE YAl
7ke] A7} o] ® R E 7HA=A] 47] fl3liA = Aol gt A
273 AR Y S Bl Alee] RES A E Fart Qo

O D= YA S| FEA A THYshe 3703 A7V
o] uhAje} @ ake] At BRIsl] s RS 4R E T
Bkl FHgel vepd Aol & o AAE 7= At &
SA9] 21 50) Zhdt, Az, Skt ool 23S o
ek, BHiE 2 39 S 7R A9 AR #3E
ojFm FELL Qi o)z YRS R4 o] 27t F7HA 2}
FHE 7= A& HojEd

@8 »E T8l At B HEE 7H 7o) ke A
o 4= Qlk, $-Al, ko] HPighe: 1321.398F €<l Ao vl
&gk -761.68% Yoz HYghe] jo|7} At EJt FUgk
Q28915 7H09] S 7Rl o] oA U B Re o (I
2oflx1¢] =30,64%F V& HA7F 20 e 293 $EE 7}
& GARI, o] & F3ll 2hAte] v S B 4= Qi

E3F 2aje] it gol RS SR ERlsh] fisl (2™ 3)
3} o] £8P} (standardized residuals) e =& 24T
ape] Faabdol Adtehd 348 Etted value) 2710 A%
glo] EE3FALe] AL Zo| UAsfof sh=t] (¥ 3)°ll

L]

* -761.68 ~-111.40

* -111.40 ~ -30.64
-30.64 ~ 7897

7897 ~ 1321.39

O3 2. YHMSESIH2H(OLS) RERlS| 7MY 22
Flgure 2. Spatial distribution of residuals based on the linear
regression analysis

Scale-Location

15 20 25

|Standardized residuals
10

05
1

200 400 600 800 1000 1200 1400

Fitted values

O8 3. FE BESINRL MED2el 2
Flgure 3. Relationship between the fitted values and the
squared root of standardized residuals

A 23R ghth. 018 Bl Ak o] BAbYo] EATE & 4
ek,

CEEVDR S BUSLEEEREEE R D ES
o) P RRe] WA, AR ol A, B7HA R4
BHE BRI, ol Hole o] FHTE KO A
3 4 9l AR E AR Y A o] Waghe Hold,

2. X[2|7FSEIHEM(GWR)

A2 7hE 8] H RS AlPsto] ARty ANE
(Gt 4)9F o] Hlatsigit), 22)7158lH1 23 o] A= 34
A ZF AR R A7E Az, 2Rz 3 jgo] digt 3]
AA7E A9 Aeutg EAEHA Aot ARHAF 3| FEA o
A FaE AL M| Alert o8 RAg 4,720 Y
stz AbEE Ao vl A7kl Ry e giAleE B9
A-GHA T -38.935F YR 25,745 A7HA] R 5F Gelsh of
$- 2 HeR EARIY, olF Bl AAEE SYHRet FEH
2] A7 e A Qnshe $7H4 oldAo] EARHE &l
e

Akaike Information Criterion(AIC) 2t 53 2g9] Ag
=5 g7 RE, 227158 g oA o] gho] 26215.95% Ukt
A1 8] 13 2] 296218811t F-2Jn|alA| Zoba] o] HAS
o 2 sk Ayt myoletal & 4= ok, Ko Ayes
oulsh= R* gt A|27F52]H52 9] %9- Local R* gke] B+t
o] 0.8000% UMY FRF 2] 0,577} FFd] woe &
F Qdk, ol AKEalA R Fo] 2 Ao up} Ayt 1Y
& Ao AbEs7] gl Yehus A3l Ao wdkE
o, AHER 7SR RE S A8 seA S o At H A
o] Erhe A2 A&A| oltE 7HA4 S AAsHe 2053} of
THE 712 9] Aol F7H o] A o] EAR TR A& AEIA
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B 4. 0LS2 GWRe| FA1Z1t H|w

Table 4. Analysis results based on the linear regression model and geographically-weighted regression model

GWR 2| H75= GWR coefficients

g OLS &|#A% —
Independent variable OLS coefficients & 2|42t ¥z HEHR}
Min. Max. Mean Std.dev
48! Constant 1443.042 *** -839.586 4123.003 1283.617 597.141
AL Apartment age -25.516 *** -80.954 -0.552 -25.957 13.089
B4 HlE Apartment age*2 0.566 ** -0.256 1.749 0.517 0.331
SM=1% Entrance structure -23.250 ** -182.097 217.790 13.549 58.150
HHiHEA] Heating method -151.423 *** -416.092 432765 -29.622 69.673
McH4 Number of households 0.076 *** -0.040 0.588 0.085 0.063
714135 At Construction company 31.312 *** -186.282 137.734 11.630 36.959
81Z 72| Dist. to Han-river -0.364 ** -31.930 29.829 -3.173 5.866
= 712| Dist. to park -2.185 -77.346 24.843 -2.996 10.180
Z55Hl 72| Dist. to elementary school 3408 * -46.269 58.498 0.161 12.222
153t 72| Dist. to high school -1.595 -56.091 27.227 -2.040 6.794
X[SFEXMX|] 72| Dist. to subway -8.464 ** -68.338 64.467 -4.700 14.229
EnE S8AR Transit (travel time) 4717 ** -38.925 25.736 -2.444 8.457
XS S8AIZ Driving (travel time) -13.5659 *** -55.261 51.027 -3.518 11.068
R? 0.577 0.524 0.830 0.800 0.065

AlC 29621.88 2621595

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

el

* -438.19 ~ 3293

© -3293~ 026
0.26 ~ 29.89

*  29.89 ~538.90

|| KM
0 25 5 10

I3 4. X127 153 H2EGWR) TRl 37H 21
Flgure 4. Spatial distribution of residuals based on the geo-
graphically-weighted regression model
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Flgure 5. Spatial distribution of coefficients for travel time
(transit) based on the GWR model
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Flgure 6. Spatial distribution of coefficients for travel time
(driving) based on the GWR model
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ot FHA 9] wgAu| L] A} e 99180 I o7t 8 4
om, o] Filo] digj= F7HAQl A7t B3t E3L
AEsgRol, API 802 P53 FYPAE v47E A 9] 1
U 8-S P3| WAl Rtthe S Bl olE AT
A& ACR Bt diFige] 35 WA, di7|AzE &5A
2] 59 850l ATAY Aol el Fd=E, 4
TR, FAHET 22 ot 2900] FAHQ wFH]-go]

Z3ect,

AZFHA RS FHAREY oltE 7hAo] Ao} FHAE
7R 3ol tisiAl 2 71AE AAsHA 243 el 54
AQ o2 WS F3|2L 1 2| HofjA] 53| ofHkE 71Ae] P
& F AR e F7H b5E TS He ks AN
3 4= Qlek, F7HAQ #9] e]) o5 AR ff8) Y
A A e A= F2 Y Ao =313
Argeo] W2 42 8 A ofrl= A4 758 HeRe A
go] HA] G F7H Sl HS] keflo] asiths A dF
7] uZolct, 7 dE (20102 A3 Y- AHENQo12)E =212 A
A7 R 735 F7HQ HaeE =AUt ARV Hasital
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Table 5. Mean and standard deviation of GWR regression coefficients by sub-markets

GWR £|#7l+= GWR regression coefficients

GWR 2|#7|4- GWR regression coefficients

2% HERE - 25 WERE -
Group Transit (travel time) Driving (travel time) Group Transit (travel time) Driving (travel time)
oz HEBX gz HEERRL oz HEEHR gz HEEHR}
Mean Std.dev Mean Std.dev Mean Std.dev Mean Std.dev

1 -1.11 3.81 -5.92 5.21 16 -5.81 5.14 -13.59 5.54
2 -23.00 5.38 -26.64 9.89 17 -71.29 5.05 14.68 6.38
3 10.81 1.34 -30.14 6.93 18 -10.07 6.96 -15.40 7.61
4 -13.68 7.23 35.16 9.54 19 10.74 2.61 -6.76 3.32
5 17.27 4.49 2.31 3.23 20 931 458 -33.80 6.68
6 8.10 3.75 -20.16 7.45 21 423 3.02 492 593
7 15.84 443 -7.30 7.02 22 -10.24 2.69 -1.97 2.84
8 6.53 473 -20.81 9.37 23 1.80 2.45 -16.32 6.07
9 -21.19 5.23 -1.65 6.84 24 -2.42 3.04 -0.01 422
10 3.77 486 -28.19 424 25 -5.64 8.50 -46.16 7.27
11 6.25 3.74 -6.84 430 26 3.79 2.08 -8.65 2.41
12 -27.44 7.75 8.01 8.10 27 15.08 2.58 -3.33 718
13 -14.77 3.37 8.29 410 28 -7.15 2.85 -1.73 3.73
14 -21.79 6.93 -6.09 4.45 29 -0.68 1.75 -6.43 3.39
15 -14.62 5.88 9.95 1.48 30 -8.99 314 -0.61 513
- - - - - Total -2.46 8.45 -3.50 11.05
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GWR 2|74 GWR regression coefficients
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Group Transit (travel time) Driving (travel time)
g3 HEEHR} k= HEHR}
Mean Std.dev Mean Std.dev
24 242 3.04 -0.01 4.22
29 -0.68 1.75 -6.43 3.39

La *

Group 24_,

Legend
I; Group 24
- Group 29
B ok

f T
o as 1

33 10. =5+9| SHAAY 72
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