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The Estimation of Seoul Apartment Prices using Spatiotemporal Autoregression
Models

BA% (FI

L

N E=ABA A9 853

The estimation of the housing price has mainly been studied in a traditional way of
the regression analysis. When spatial and temporal effects are disregarded in the model,
however, those effects lead to distort and mislead parameter estimates and statistical
inference. Using 1,265 observations on apartment prices in the southern Seoul from 1995
to 2000, this article demonstrates the substantial benefits obtained by modeling the
spatial as well as the temporal dependence of the data. Specifically, the spatiotemporal
autoregression with twenty variables reduced root mean squares error (RMSE) by 39.9%

relative to an indicator-based model with twenty-one variables.
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H5AE ThA e Regske] A9 Hgak AlGEdel Ade A weth sHAN olE &
A7 GEkE Fsat JtARG A AA e Bl 44 4ok A 33 534
= AxWs (F Hulds) = ARg-sto] Hobshs e HAL oy ARt VP S W
olty. ARk A oA @A, il el Ao w jF wekem e 7] wite ARl
g HuWsES 44 4 5 Aok dE 5o, A4 10d o] AAG A57F Fo
A sdvkar &t 10709 7F Aol dgets HulwasE ARSE 4 Atk v F3E e
g T Wl dASA @] Wil FEAE Totelr] Al Tl gk vrw
FES AR AL H4A dn. T3S AALH ] A A A (tessellation)®. -3
g v AP FATuWSES AAsH oElR-eol vk wEbA, g Ao REit
AGTtEE Fetelr] feiMe Ao we I3 tuWSsES AHESA "k sk
A G Ry e Theg A2 igES ARS o R M mE2 gessioof gtk tgo] &
bt AZE BAE Al REPA vRazk & o) Sulyss ARgshs A FAstelok
st A7t w58kl "k Cls 5ol 10709 Algtel dig el 10719] g 7tell vig
Huli 47 By Adsiviar 7hg e ] Agkt gike] gats 30 sy SlsiAe
w HoEEE 200195 St Aol Aol gt A atH 5 (KRF-2001-041-C00399).
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10070 ¢] tugEe] Hasd vk o] A9 AF EAES S0 R Foldle 4
HA ot

B o=EoAs B 7HA e digh ARt a5 g9 o R bUE g e AlERE A
3] 7 5. & (spatiotemporal autoregressive model, STAR) *.&-2 A|A]s}arA} gt} 3) STAR &
oAl olgE 7hA L Qltol J' H ofHE AAl] FFqFS e o= TRggith
STAR =32 7|E9 5A714323(hedonic price model) 3 FgH Ig=nd
(adjustment grid method) 2 24ts}gl A o]tiPace and Gilley 1998). STAR =& 2] #-§-A}
e Aok s Wol o] oAl glov, Fsit Eokolxe H8ALETE A
Aolt}. Pace et al. (1998)2 ©]=r WA ol o] ~(Fairfax) 7}>E] A9 Fel7}FAx}

S8 AHglel uliSE ALSR B B MATEE Y AT DALY S AL

lo

stol FaAE 2T Ak ABAANGARY S AESE ASF AT MFES
A SR LA BFS FPOAT 7%/t A AFHA AT WEZ v} 9]

=8

. wAd] AHgE ARE AL F4 oy 1] ol Adlelal i 2537 o wAe
date] 1995 5E 20009744 o}HE B AL AFAAVNHARDL ol BAe
ATk BAG g E AREUsS R 1Y, olgte U, B, FURTE GATE, A5
T, A Al G, vilw u, 2 5o MRS o gadrh AN

& obtE HAFAHAS FHe] fstel WA AFadE nesd %o S 54

2. AlFZHA713 AN 3 (Spatiotemporal Autoregressive Model)

o229 Al-F3EA7] 8 34 (autoregressive process)y2 714 8FAL.
(I-W)Y=XB+¢«,

3) STAR R ¥Eo) dig AAIgE W-E&E-2 Cressie (1993) #3817 nhat.



o714 Y= S&HWg sk Nx135A wWHoln, X dAdde] SHHsEe Nk
#5A Fd2 vedo. B Al EFHEY, e 2 RHAclaL, FPEXEES s N
. Wt NxN AlF31715 3 € (spatiotemporal weight matrix)o] o}
Wel A 9452 25 00 ol 44 #5X7F A7) A4S dSete A2 UA
7] Yol e Wi H]S(nonnegative)e] YATHS J1AY. FrlHow, W 7t
Ao e 191 JF A (linear filters)2}ar 7Hggich stEwg Yo (- W) FHES
Flg ([- WYES A7P3a2 7HAAL A devd
el #52 sk g whebx] Wel A WA A2 g 2
| #ASK o) SRt ek A7 ol E ThAo] AA ol E YA e wHkal 713
T

gdow Fals gt o7IA Sk T dEe 474 old #AFAE

rE 50

Atole] FRIRAIS ARAE SR BAZel. by, BF T FHACR 34

L 7leE T8 A4 2K spatial lag operator)e] th

okt o R AlFZEE P2 A8 & Atk dE Bol 1k Alztel tig HE S
71 A (additive) o= H-8-3 4= gtk =, ([-W)={U—pS—p;T). 44714 pg9 pre
Tk A Zro] thgh A}7]3) 7 B4 (autoregressive parameter) 52 217; UEldith o]E ®S
52 Adiglel 1 32 1800 Atia 7hggth ol gRAo= 3 AZFE NS Alole
= AeAgol glues AL 7P sta .

w e PHoar F73 AZFERE U A (multiplicative) 0 2 483 4 gtk =
(I-W)={U-psSU~-p,T) =2 w2 ¥+ WA HE P2 st A ATt i)

HEE ks W, &5 (- W)=U-p;T)U-psS el 3R D o5 HBHE= A92%

WY ST TS Admrom pe ghe /AAAs st
Se} T =] o] o o]t AokS vk FIHAIFAA oAM= o183t 71Faq &
‘3 =3} (standardized)” = Sl thar $Fch(Anselin and Hudak 1992, p.514). %3+ o] -9

=
=

rlo

S+ T= AMIHe(linear filters)z} AT 4 tiDavidson and MacKinnon 1993,

p69l). SS9 Tel Aol fxel gho] 0o] ofUm =R A Ak FiHEAE 2
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(strictly lower triangular matrices)olt}. 79 3 WA Y2 744 @
e Aol sldstar vhAE e TpE Aol AE Ase sidEn. S <)o 3
A Ty=00a T;=0clt uebs T A HA P2 LE 927} 0ot} gk T &
T P25 H(positive)2] Fhe N1AG. &, T,;200|th
S3HEH S AEL dFAR o] L3 ol E thste] A Aol = 1 ohdt
Ege] Ags HEAE Folste] dEe ARG L =fdAe 247 (Gkm) ol
©

= BF 93 HEA 1= Fold b A RESE st S dEE AAdE)

Y FAd UM AlFrEFRE JEE BE HeelE 5o TY, SY, STY)ES A
A R el A% thE AA B FEAE AT AT 27 #ASXES ol WMF
wEdA ALQAZIT B m=RoAe AAl #5A] 15187 7kl ol E A g0 3 dale=
2537 #ASA 5 AT 1,2657] & #FA] -2 ARE-Sl T

Al ENAZN B ARG 2 T4 H LA H(OLS)y2 AHE3HAl =W FA %] ¥o| (bias)7} A1
o} ol= HASH] A3 7HE H AR H (Instrumental Variables Estimation; IVE), &-$-54
H(Maximum Likelihood Estimation; MLE), 297 #4415 H(Two Stage Least Square
Estimation; 2SLS), #]& 353 ¥ (Method of Moments) 50 & FA3}A ol AAF 8-
Anselin(1988), Anselin and Kelejian (1997), Kelejian and Prucha (1997) 3=

B =idAs AU ARSI gk ol AR ((e)8] ARE THEE ol &
sto] =19 $H(Log-Likelihood Function)2 sl th3-3} 2.

__N _ N _w_ Ll ee

InL= 9 In (2m) 9 Ino*+ In|l— W| 5 o2
AN e=(I- WY—-XBolth |[[— W2 A=H|<¢HJacobian) . 24 #HZHA = e
#ZFo] 7hed Y= WdSewushe sk dgolA] SHE =g (probability density function)

o] Fde] 10] HE=x ALgTh B =RMs [- W=(U-pS)([—p,;T) = 7H3Hd (3)



InL=-—-% ln(2n)—ﬂln02+ln\[—pgS\—%%

E U= U=p;DI=I-psSII-p;TI2 AT 4 Qo T AH
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o] W% 0ol a}itztd H(lower triangular matrix) o] 7] wlitol] ([—p,T) FHe A2
10]7] wj&Folth ¢4 Maximum Likelihood Estimation, MLE)o] <]
FAsks AAA ([-pgS) A=A FAAE Axel Hart vk Fa53k 7Ho] g
AlE3E Amrt B2 A dEAe] Ade BACE Ao B =ReAE Ord (1975p1
A A7 ln\I—DgS\ZZln(l—pg?\) HAE ARESHATE o714 A= S BEE WA 1
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1 +@aT, e, AXT, #oby, 27, 2387,
TR, AT, e, ST el AAEhaL )l 30041d) oY ol E dAE )
Foz AT ofgtE ThAL “Hg S oM Wt skal Rl 19954 H 200061744 v

olStE Aol GFL WAL BelA WEEAE BF(PY), WH(NROOM), ofshe
(AGE)= A}g3tdt}. ©

JuHEg s dd E94% FER(DENTR)$} ol E Z<YDHIGH) &
AREEYTE YR TRE BEAL V5o R 3o, ol E F4e 103 o4 olES

6) ollE BATFEE 3004T o] 4e Ade At 58 o84 2AL glor), 20039
9% AioH WET LEWNA AU AAF 2P RE I FAES 30040 o]
A obshE Ao



3 AgSE BiE f8e J1Fon HRNsES LGS, vhiAe Auvie

71707 F94 %2 (DHEAT A ovkibal(DHEAT2)Z TE38gon, Al 4dss ©A7}
25 7|07 7152 AHEske 49 (DFUELD) ¢ G i s dA5E AHS-S)

10 o 10 2 kM
<Y 1> BAUA obE B A%

PAA gQle = mAalste] A (CBD), F8 =motke] 7, 2estutAe] A, A8}
AAA L AY, FAAA, A7 SEAE, ReA aEa FEAAEY dE 429 58 1
B vk 2Eu giFEe] fAA 29 WrES dAxdR o 2Vt 9ed F ¢l
ZAQ4e 2 F7 AT F vk E g2 BAE RG] A A5 dA Q5o
AEH7] ol ol oln] A&t JFol et 7} ofdE A GiFe wA Y] wZel A
FHAdd g gaade 2AsE AAN 2AA F 5 Yuh, B =R nnF

SA0A7 A =ATe) AL (CBD) B ¥A6 Agagc

2 GRUSH(ITEF, FET, 21 DSCHLD), SR uws3 (@, %29 DSCH2),
R SA e, x5 DSCH3), 45 iSAH(ds 7, $35 DSCHY) o2 3k th
o 7, olgtE Qo] HE-S u A= AL A WEEA Q1T RPOP) & A}



$IYT . <E 1> AN S WS dF N2EAS oy Q.

< 1> 712EA (12650 #ASA])

W W A i | AR | A4 Higk
PRICE Al 712 (M) 7.02 244 1.90 17.96
PY 28 (3) 32.81 11.41 13.00 65.00
YEAR olftE A (d) 14.04 5.24 2.00 29.00
NROOM | ko] 4= (7)) 3.20 097 1.00 6.00
NHHD AR (D 91.8 892.6 303.0 6000.0
DENTR | &4ET2E=4=1, AT24=0) 0.46 0.50 0.00 1.00
DHIGH | %4 n] (10%0]4 =1, 7]€} =0) 0.85 0.36 0.00 1.00
DHEAT1 | wibgral G2 =1, 7] =0) 0.42 049 0.00 1.00
DHEAT2 | whububa) (<] ek =1, 7]eh=0) 045 0.50 0.00 1.00
DFUEL1 | dzw2l ()8 =1, 7]et=0) 0.10 0.30 0.00 1.00
DFUEL2 | dAsu2(@9d =1, 7]ek=0) 0.36 0.48 0.00 1.00
DSCH1 G wsA(I5E, 7= T3, 7|ER0) 0.19 039 0.00 1.00
DSCH2 B2 w54 (52, #o} =1, 7]€ =0) 0.08 0.26 0.00 1.00
DSCH3 a3 o, A& =1, 718 =0) 0.39 049 0.00 1.00
DSCH4 AEASH (4%, 49 =1, 7€ =0) 0.25 0.44 0.00 1.00
CBD =A 7] Ae] (km) 10.92 2.88 540 16.70
POP 2ol (W) 50.23 9.60 27.05 67.72

A8 AA, BAAR 199633 E 2001 Zhd s
ekl =, 1995d5E 20000 49 7|&

olgtE H wjurkAe] B2 7020k o vEhgon, g v ol EE HY 1,79%
el 7P R oltES W 190l ® velth BAUE oftEs A ow 328

1:1

Wy, Wb 327, oldtE 14 14ylo = uelydth 71 e ld ofdtEE= 29We] Al
g @XrRE 924 o, 7HE At Be @X = 6,000 A theltk HrHsES 4y
B, d#AE/JEY FRT Algae] 5% 2 B Anths oFgF @e oz JElyton

)
%2 olFETZ} 1050l ZFolEo|th WAL Aoyhko] 45%, FYHEol 42%,
MEFP13%0 = Fxstar glon, AsiAe e EAVI»oln, 7[5 Rde] AH9e
A 10%9l 3l &,
TH A6 g 542 ARy 2AUY olgE TR 9% s
ARt o, o R FewsA St 25%, FHuSA Tt 19% 9 o R ¥l
kK

9tk wAICBD)= 109km A% Holx] glow, 7w Wit 7= of 504



st A F o & AL & 5 k.

RE FA kA AlEF EHA T
STt sdsly] witel Alztazel Ftass Agshs oA ol fle 2 & F
Ark aHY durdo g Aztadet FraAE A8 £A7F 88tk (Pace et al
1998). AltEAE Yedle T dd2 A3 ofgtEe die] dwl A ofgE AAE v
ste= AAslgvt. FEAE el S A" AA] AsiAs WA, ogE i
= o] g3l olgEZe] AYE 13 u o] 83ste] Agl7lE 3 E (distance weight matrix)
< etk 1" o A A" SE AsE B o A7) led 9w

2 7t A8 A% A(contiguity) 22 AFG7te] AElE o] 8-3lo] A} (Anselin 1988,
3% Fx). B =R o] 4 A AE vehdle Hxu AR AYE G
T, AdE o183 THEA FFo] JAHAS ol8ske g 2] slth(Anselin
1988, p. 20). whebA] B =A== ol EZ AYE o] §3ste] A
el Y118kl Qe A oEES BF Fdg /A 12 ol s Fivbex A E-e
2dsk k. g FHA Y ol E 7
= 9otalr] Sele] AL VIFo R FhEA] A2 EF3Hrow standarization) 313 Tk
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71% =715 Ao w2 JElston, Ha Ao At 014002 FH U HY 14mtlo g
OLSH o) w3 16.7% A%k Ao w Ul whd Aztasts udshA ¢gal F3kasd
7) FEATR AANAL AGHL FHASRA J4E ST AT FHASR FPAL A
s A mEFgAT 2 Aol Ytk AU FEWSE AANAS 2 A Agusgl o
St F&wSe] W gEES Ausly] ulid EAHoR foldo] wlg =i AGASI) ]
¢ ok Aol A S8 prel e mvgol EAGA B As-dle BP9
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e 1 SAR 2] 9= 23]e] OLS wynth m8e] Agnr) "Holx: AL &

=
G Tk ol ¥Ajel ALgEl AmZel 316l FX14Yk(spatial correlation)d = A Yk
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(serial correlation)o] & A& & ¢ Stk F FAAIFHL] T olFE AMET 1 A

ol E 7}Ao] Myelo] B AL oulgt). A7t FFEHE BF w2]dk STAR &89
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< 2> ASEA A

SR OLS AR SAR STAR
CONSTANT  -0.110 (0.197) -0.055 (0.158) 0647 (0.192)+* -0.088 (0.095)
PY 0.081 (0.035)* 0.014 (0.029) 0.087 (0.034)* 0.000 (0.022)
AGE 0.051 (0.014)* 0.035 (0.013)* 0.059 (0.014)* 0.024 (0.008)*
NROOM 0.143 (0.036)** 0.057 (0.030)* 0.134 (0.037)* 0.040 (0.023)*
DENTR 0175 (0.013)** -0.049 (0.013)** 0169 (0.014)** -0.020 (0.008)**
NHHD 0.093 (0.008)* 0.032 (0.008)* 0.095 (0.008)** 0.021 (0.005)*
DHIGH 0266 (0.022)** -0.087 (0.020)** 0267 (0.022)+* 0052 (0.016)**
POP 0.309 (0.038)** 0.095 (0.032)% 0.185 (0.041)* 0.029 (0.024)
CBD -0.028 (0.003)** -0.008 (0.003)* -0.019 (0.003)** -0.003 (0.002)
DHEATI 0.068 (0.020)** 0.032 (0.017)* 0.076 (0.021)* 0.026 (0.011)*
DHEAT2 0133 (0.022)% 0.057 (0.020)% 0.142 (0.020)* 0.045 (0.011)*
DFUEL1 0106 (0.018)** -0.040 (0.015)** -0.100 (0.020)** -0.026 (0.010)**
DFUEL2 -0.027 (0.015)* -0.006 (0.014) 0033 (0.016)** -0.004 (0.008)
DSCHI1 0.004 (0.024) -0.004 (0.021) 0.002 (0.025) -0.001 (0.011)
DSCH2 -0.046 (0.026)* -0.024 (0.023) -0.087 (0.027y** -0.024 (0.014)
DSCH3 0.200 (0.020)% 0.067 (0.018)* -0.014 (0.026) 0.002 (0.017)
DSCH4 0.075 (0.022)% 0.026 (0.020) -0.059 (0.026)** -0.008 (0.015)
D1997 0.149 (0.015)*

D1998 0.043 (0.015)*

D199 -0.011 (0.015)

D2000 0.144 (0.016)*

sy 0.560 (0.044)% 0.836 (0.01)*
TY 0.690 (0.023)* 0.954 (0.032)%
STY -0.900 (0.036)**
AR A 0.7569 0.8092 0.7445 09115
Log-L 459.730 689.663 441624 1,108.45
AIC -877.461 -1343.326 -847.248 -2,176.89
DW 0.794 2521 0.749 2.293
RMSE 0.168 0.140 0.171 0.101

, s 247 10%, 5% Sreladola frel e
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of @Al aF olFES] dlgto] iAo R Awrle] A4 ¢r] WEoR AT Ax
Cui 45 0] 8¢ OLS WHdAe AdasH dhro]l A asA shatel Hla) 20%, &
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= 46% 2 o= ey FRwSH st GAwSH shta zlolrt gle Ao
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FAR FAARE AN 4 vk ARtk AAISY wpE Peate High fE5de] =
obrlel uwhet FgAk AAH ek 87 A Aotk whapA] Fgabel] tigk FAA A
7ol o= Witk A3 g4Ea e AFYS Ak w B =R Adge olHg &
groll Z1olsiAl 2 Aoltk UlA, AlFASE &85k 8L HQ ReiTbAASE e
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