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2.1. 753 HARY (Geographically weighted regression model)

AAFAARGS AFAA ALAFEY TN B AQEE AAASE 25
MoEA B AL thew 2k

p
Yij = Bolui, vi) + ) Bi(ui, vi) Xijs +eijy i =1, ,n, j=1,---,m (2.1)
k=1
oA71A Yi= aiA A9 juA #5 gre] FEHA, Xijpe 2 35 ge] kA AEus, (u,v)e
iR 292 A AAE Uehle e F3x, fo(ui,vi) v BAATE UEb®, Bi(ui, vi)< i
A A9 kAl 87 ASE Lehdc

HoAEFARLT 27 o] e A AHes AW NAASE FATo2H AT A
g spoket 4 doke B0l Ak 9 BAe NAASE 2] AANL A2 97 iA9L 7]
FoE AL /S E ARt W X Ho 3Ho R o e TS e AL VMo E itk o
A B AAS Blus, vi)e] FAL thee] Aoz Axls o] At

~ —1
Blui,vi) = [XTW(ui,vi)X XTW (us, 0:)Y (2.2)
Y11 1 zi1 - zpn1 .
Bo
Y 1 =z x b1
m Im e Im -
1 1 p R /82
V= [(X=]: : o Blusvi) =
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Y& 0ol Aol mi BEE 29442 Jehls 4045 B2 (um x 1) B, X Sdus
BEGER o120 (nm x (p+ 1)) FLoltk.

W(ui7vi) = dzag (dzag (ail,ail, cee 7051'1) ) dlag (Oéi2, Q2,0 7Oéi2) PR 7diag (aiﬂu Qin, * - 70‘1'71))‘E
FWAFHRE YERE (nm x nm) AARLZA 22te) 8 D2AAL diag(ass, oy, ) E

7 Aoje] BEASE mAE AW 245E A 947 A AEow Ao dFES Yepi,
Wb AL volE] 912 A Aee] juAl B3 gt A 4 o] A,

2.1.1. Z7W=9Y

TR E W (ui,vi)e ABA A 299 7E e
< 71ECE At FR AGLE4E © B2 Ve AE B dEE 2 Ao EdEY 8
29 q;; 7 AE 2R AgrE2E AEEE o83 Gaussian #AE &<, Cleveland2} Devlin
(1988) 7} A8t Tricube #'d¥<*, exponential 73 5 thsltt (Lee 5, 2006). 1 5 7P ®
Ao g2 AHEE = exponential 7@+ t}29] 43} 2t}

Q5 = exp(—dij/h) (2.3)
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CVRSS(h) = (yi — §-i(h))° (24)

2.2. x2JX|77153FARE (Geographical and temporal weighted regression model)

oA dHst GWREH-LZ A A”S 7|£02 b2 Aty AE 7|E2& 7159348
Wl v) & F2510] AAASE 2451 204 A%o] 223 2HolAD, AAWNE AR
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Vi = Bo(ui,vit) + D Br(wi, vi, ) Xijur + €i0(i = 1+ ,myj =1, ,m) (2.5)

k=1
yi0e A Aedel A B85 gtel Ade) FAA, Xk T B3 el kA Auus,
(ui,vi, )= 1A A9 A AA AXE Yehlle 308 FE, fo(ws, v, t)= AATE Y
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o714 AlZEe] (g, v, t) = AR AR T D AE UYehl= FHxEE e, 54 A
Aol IAAT FAAE A (2.6)3 2ot tAIFNA AR FAATE FAS7] HA AR AR
tA1 A °]7q HAZ W ANE ARE 2RI T o, Y= o/ AGE ¢+ 170 AE mAA) 352 78
7HAE delE 58 ASRA (mm(g+1)x1) FE, X & SHAT ASHA (nm(g+1) x (p+1))
gdo|rt.

~ -1
,Bt(ui,vi,t) = [XTW(ui,Ui,t)X] XTW(UZ',’Ui,t)Y (26)
t t t
y:<ll) 1 $§1>1 ;1)1
: : : : : BE
t t t e
o) Loa, TN o)
(t—1) (t—1) (t 1) —
Y21 Lz o Tp2 B
Y= - |- X = t—1 . t—1 ,Bt(ui,vi,t):
t t t 3.
yﬁu 2 1 fr(lnlq) xgnlq) 61?\_1
. . . . . /Bp
gl R R O

ALYNIAE ARG AFHLL RS T8 BHo)7] o] AelAEHARE D] iAA
NAL ANEOR ThE BE AL 7FEshe Fei7) ok, tARelA BA - gA A7 HlolEEL
HAEAA D R E vEle] AR HelE B2 AFATA g BYoE Ao 8 APE 2elw
Aeade Jend e 2L aade 188 4 Ak

daig(aﬁl(_>) 0
daig(aiy(.y)

Wius, vi,t) = 1 daig(aiy ) 3 (2.7)

daig(al i h)

0 daig(a:;g))

olwf daig(aiy(y) = diag(egy 1y, @1 2)s* » Uim)) ©1 Tk @iy E 1A AT A A ] tA ol A 2]
A ASFAE g vebdnh. 29 YA QY] BRE ASPSS TE Al fAsL Jlenw
RE joll thete] 548 7Hsgke ZAEh mebA el o) E iy & L8 2

F EEE2 54 S VISR AAATE FAF o] P 2482
g A oE A9E Vg BH ¢ - gAY A9 Ve ie 29T diadEE
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o7 Aikse] Ak

Q5 = exp(—dij/h) (2.8)
dij = \/)\ [(ui = uy)* + (vi = 0))°] + p(ti = 1) (2.9)
dij 2 2 2
5 (wi =)™ + (vi —v3)" + 7 (t: — t5) (2.10)
Al A (2.10)001M A9} pi S D AP E 2AFFE BeEA AR WigAol g A,
j= 022 2204 WEAT 10 GWREDLZ Baan), wole] 49 A — 0224 A0d uE

5]
Adl 183 TWRE o)zt #eb3dlt}t (Bo Huang, 2010).

wEbA] AIZHG F2E 28 GTWREH S P58 uf 245 24 NeE E7 3l 7 = p/A=2 5
oW o] FI} A7 @] Aol HAMFEE BTt "k A E9f o] =EA AEE A5
A% AYAE FF3AE FFFGA AYAE Jx5AY B 25 € yS2 vEH (m)DR ol A=
dxolth wEbA Al @9 Afo] BAGE rebe B4R HUBAIZCEZR AlFZ U AtolE AT
= At

GTWR EgoA 9] 9= GWREHA AR o]R Cross-Validationd} 5 L3 A4}
3tH, 712 Al @) B B4Rl w3t o 1 =12 Vel ® HAY YIdE hE e T, 7H
HBA 7| A 29| k2 HAadshes 7 e P22 3Gt

o 4

CVRSS(h,7) = (yi — §-i(h,7))? (2.11)
3. 4% BA

3.1. A4 x5

GTWR T80l A vledsg 223 A5 2006 1Q9RE 20149 129714 ZEIZER A A|Z
St FdAe oltE A AAE AFeltt. O F F 363570 AARE A0 AHEE 28 AR
ZA ZEot] GTWREYS 7583tk 533 239 Arke Folshy] flste] dxd FAHRFL2
I A= olst 570d AR 2RE 20007] WS HY FE5] FASIAT A9E ARRE ofgtET}
I BATIER F 827 TR FEsen, ANAARE 197H 129748 Fol dS]
A2 72810} (Table 3.1)

Table 3.1 Sample size and average house price in Gwangju, 2006-2014

Year Number of regions Sample size Average house price (¥10,000)

2006 7 385 8,128
2007 78 390 8,745
2008 81 405 9,970
2009 81 405 9,915
2010 82 410 11,329
2011 82 410 12,407
2012 82 410 12,909
2013 82 410 13,671
2014 82 410 14,962

t} (Hong3} Lee,
£ 9 olste
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N, oFtE Ha At HSAA T, 1407 B 5 WS sty A9d AgQd ESA)
AN, 199 B Y WA PPE AR A5 E E8Ssith

Table 3.2 Variables of GTWR regression model, 2006-2014

Variables
y House price (¥10,000)
1 Year of construction (year)
T2 Floor area (m?)
T3 Number of apartment complexes near subway station
T4 Average number of households
Ts5 Number of day care centers
Tg Average park area per person (m?)

2A30] L8 HolEe] A HANE AEE 2T F7 4374 & 57 U tlolg) 7ol
289197 7o) W2 B2 AR A5 olele) £ 2T} (Table3.3)

Table 3.3 Number of data at time point ¢

Data Time point (year) Number of observations (time period)
apt2010 2010 1995 (2006-2010)
apt2011 2011 2020 (2007-2011)
apt2012 2012 2040 (2008-2012)
apt2013 2013 2045 (2009-2013)
apt2014 2014 2050 (2010-2014)

12
B
Ni=)

% 3%

o
022 GTWREZS HA9 td=Z 2 r3& 2= HAFS vehd Folth tig=g 37 93
T =12 _%7]%7{% A7t & 9)9] Cross-Validation (2.11)4]S HAZ 3= A2

=
oz 4
==

=g 22
7 HIAIZ|HA (2.11)48 AR ke 73 2 BFE oY Fof \%EM%M I A3
GTWR2010 2dy GTWR2013 222 7 =8, 7 & B2 7 = 1022 FZo 7t A" HYYoh

(Table 3.4)

Table 3.4 CVRSS(h, )

Model Bandwidth T=1 T=3 T=28 7 =10 T =12 T =15
GTWR2010 53 2701.0 2663.0 2552.5 2555.4 2566.6 2581.2
GTWR2011 52 3168.8 3094.3 2743.1 2700.3 2700.6 2710.5
GTWR2012 56 3327.4 3210.7 2686.8 2637.5 2644.6 2661.3
GTWR2013 54 2852.6 2716.8 2455.8 2496.3 2518.1 2536.1
GTWR2014 55 3112.4 2992.1 2584.5 2544.3 2544.1 2550.4

GTWREZS the 233} nlasy] Aste] 7 321584 vloles GWR TWRE#E #835}]
7 23l g2 het RMSEZHS vlaws| gtk I 23 TWREHO| 49 thdZo] 224 593

S Ueh® RMSEghe] GWRE DM TE %7 vebgth, GWREH-L GTWR R IR el %
< Ve A e GTWREEH k= RMSEgte] o &7 vebgth
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Table 3.5 Comparison of RMSEs of TWR, GWR and GTWR Models

ot TWR GWR GTWR
aa Ty RMSE T RMSE Froe p RMSE
apt2010 2 3486.65 51 2225.32 53 8 1813.12
apt2011 2 3560.87 52 2700.18 52 10  1666.67
apt2012 2 3573.88 54 2008.54 56 10 1822.41
apt2013 2 2832.90 53 2630.36 54 8 1786.57
apt2014 2 3501.49 53 2858.00 55 10  1908.31
GTWREYe| tf3le] T2 BPE Bt {3 ByAA F71817] 98] Xuan 5 (2015)0] A Hs
BHEAAY PHE T8 BES v gAA
A HAZ PAAHeE OLSEYY GTWREHES vwsty, F WAZE F7H8 9IS wiAs
TWR 283} v, vpxgte 8+ AIZHE @91 wjAdt GWRE I} vlwagict. A4 7HEdS AH

a7 e 2.

1. Test for Global stationarity

HY :ys = Bowio + Brir + -+ - + Bra + €

Yi = Zk 5k(ulavu )xzk + €

- [RSS(Hg”) - RSS(Hl)] /RSS(H:) (3.1)
2. Test for Spatial non-stationarity
2., _ N )
H VY = Zk ﬁk(tz)mzk + €
Yi = o p Br(ws, vi, to) ik + €
- [RSS(HSQ)) - RSS(HI)] JRSS(H,) (3.2)
3. Test for Temporal non-stationarity
(3) ., _ ) )
Hy™ cyi = 32 Br(ui, vi)zik + €
Hiys =30 Bre(us, vi, ti)zak + €
- [RSS(H(()3>) - RSS(H1)] JRSS(H:) (3.3)

Al 74A) 7HAEel dist A4 A3, GTWR2010 28-S A|9)sla BE 2ol GTWRE| it
43 0.05), et GTWR 23o] the m3w

ot A9t vyepgos (fl4 ok A5l o 4TS
& o Qith o GTWR201023 9] 739 A 432 wiAle GWREZFHS] vlwd#A F9 4
Aol 8o)3lx] ke AFE JEPATE o] 2006W-20101d 2F29] AL A|7HA <o) {o)5lx] S
< ojugit

Table 3.6 Tests for GTWR regression Model

F-test Fy p-value Fy p-value F3 p-value
GTWR2010 3.670 <0.001 3.182 <0.001 0.506 1
GTWR2011 4.927 <0.001 3.565 <0.001 1.625 <0.001
GTWR2012 3.793 <0.001 2.846 <0.001 1.547 <0.001
GTWR2013 3.034 <0.001 1.995 <0.001 1.168 <0.001
GTWR2014 3.038 <0.001 2.367 <0.001 1.243 <0.001
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teoze Aiuesd te 74 AAo2N T 932 vAe 2] of¥ AdA &
Atk A= AYAs fold 4340 AFUE, AgUAe] G5 Uehon, AFdEe]
7372010 B 20110 Al9) g 20121378 2014d74A] RPoAM FJshA] UrERg
4. Test for significance of variables
HY i = > ki Br(ui, vi ti)zik + €; (except x; variable)
Hi :yi = Y, Br(ui, viy ti)zi + € (full model)
4
Fy = [RSS(H{") — RSS(H1)| /RSS(H1) (3.4)
Table 3.7 Test for the significance of the explanatory variable
F-test T T2 T3 T4 5 6
Fy 1.005 3.149 0.019  0.026  0.024  0.019
GTWR2010
p-value 0.468 <0.001 1.000 1.000 1.000 1.000
Fy 1.109 3.598 0.018 0.051 0.061 0.035
GTWR2011
p-value 0.064 <0.001 1.000 1.000 1.000 1.000
GTWR2012 Fy 1.122 2.591 0.016 0.034 0.038 0.050
p-value 0.043 <0.001 1.000 1.000 1.000 1.000
Fy 1.277 2.612 0.023 0.036 0.049 0.041
TWR201
G R2013 p-value <0.001 <0.001 1.000 1.000 1.000 1.000
Fy 1.175 3.314 0.035 0.032 0.054 0.038
GTWR2014
p-value 0.007 <0.001 1.000 1.000 1.000 1.000

mEtA HE AEE AHHSER 25 23 IAATE FA8 A= v ®9) Zo] g9kt
St} (Table 3.8

Table 3.8 GTWR parameter estimate summaries for 2010-2014 models
GTWR2010 (bandwidth=>53)

Model Min LQ Med uQ Max
Intercept -2097851 -934865 -726400 -602740 -196223
Floor area 82.72 122.39 154.22 196.79 306.60

Model ' GTWR2011 (bandwidth=52)

Min LQ Med uQ Max
Intercept -1337780 -970584 -728006 -594009 -1320
Floor area 68.52 132.55 158.90 227.23 418.80

Model . GTWR2012 (bandwidth=56)

Min LQ Med uQ Max

Intercept -1302338 -863452 -710583 -535318 -199253

Year of construction 94.06 266.57 354.38 430.76 656.27
Floor area 77.1 133.7 166.1 219.3 318.4

Model . GTWR2013 (bandwidth=54)

Min LQ Med uQ Max

Intercept -2063911 -860546 -759674 -629973 -296690

Year of construction 145.1 316.5 380.7 431.2 1031.8
Floor area 104.1 147.2 176.1 200.3 298.0

Model . GTWR2014 (bandwidth=55)

Min LQ Med UuQ Max
Intercept -2031234 -916243 -779590 -635487 -300758
Year of construction 149.3 317.5 390.4 458.1 1015.3

Floor area 99.08 169.45 189.67 205.50 310.55
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(a) 2010 (b) 2014

Figure 3.1 The regional plot for the regression coefficients of floor area
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Abstract

We investigate the factors affecting the price of apartments using the spatial and
temporal data of private real estate prices. The factors affecting the price of apartment
were analyzed using geographical and temporal weighted regression (GTWR) model
which incorporates the temporal and spatial variation. In contrast to the OLS, a general
approach used in previous studies, and GWR method which is most widely used for
analyzing spatial data, GTWR considers both temporal and spatial characteristics of
the house price, and leads to better description of the house price determination. Year
of construction and floor area are selected as the significant factors from the analysis,

and the house price are affected by them temporally and geographically.

Keywords: Geographical and temporal weighted regression, geographically weighted

regression, spatial nonstaionarity, temporal nonstationarity.
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