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I Abstract |

This study explored price differences of residential property prices between transit-station area
(TSA) and non-transit-station area (non-TSA) from the view of space and time in Seoul from 2014
to 2023 and employed space-time cube model and propensity score matching. Several key findings
are as folows. First, the spatial distribution of residential property prices was relatively high in areas
such as Gangnam, Seocho, Songpa, Yongsan, Jongno and districts near the Seoul World Cup Stadium,
maintaining a similar pattern from 2014 to 2023. The change in prices was much higher in 2014
on the riverside of Han River and in areas such as Gwangjin, Seongdong and Dongdaemun than
in 2015. It had significantly growed in Gangnam, Yongsan and Mapo until 2023. Second, the
differences of residential property prices between TSA and non-TSA areas expanded from KRW
17.7 million in 2014 to 77.7 million in 2022 and the volatility of prices increased from 0.6% in
2015/2014 to 10.4% in 2023/2014. Third, the TSA classified most 100x100m grids as consecutive
hot spots, intensifying hot spots or oscillating hot spots, with a notable presence of diminishing
cold spots appearing in areas with relatively low property prices. Conversely, the non-TSA
categorized approximately 45% of the grids as cold spots, with the proportion of hot spot types
downing compared to the TSA. This study is expected to (1) analyze the impact of the TSA to the
price and change of residential property, (2) offer insights into both the spatial distribution and
temporal changes in the price and the change and (3) present a methodologically advanced
framework for upcoming researches.
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No pattern detected
Detected P

Locations that become hotspots are statistically significant during 90% of time step intervals,
including final time step intervals. The intensity of high clustering amounts in each time step
increases overall and is statistically significant.

Intensifying
Hotspot ~

Persistent - Locations that become hotspots are statistically significant for 90% of time step intervals in the
Hotspot absence of trends indicating an increase or decrease in clustering intensity over time.

A statistically significant hotspot for the last time step interval has a history as a statistically

szltlftgj[g significant cold spot previously. Less than 90% of time step intervals have become statistically
P significant hotspots.
Sporadic The location of the hotspot is on—again rather than off-again. Less than 90% of time step intervals
Hotspot become statistically significant hotspots, and no time step interval is a statistically significant cold spot.
New - The location is a statistically significant hotspot for final time step intervals and has never been a
Hotspot statistically significant hotspot before.
o Locations that become hotspots are statistically significant during 90% of time step intervals,
Diminishing . P . : ) . ; .
including final time step intervals. The intensity of the high number of groupings at each time step
Hotspot - S
decreased statistically significantly overall.
Historical The most recent period is not hot, but at least 90% of time step intervals have become statistically
Hotspot significant hotspots.

. Locations with one hotspot path are statistically significant without any interference in final time
Consecutive ) . o =
Hotspot - step intervals. Locations were never statistically significant hotspots before the last hotspot was
run, and less than 90% of all bins were statistically significant hotspots.

Intensifvin Locations that become cold spots are statistically significant during 90% of time step intervals,
Cold syotg - including final time step intervals. The intensity of low clustering amounts at each step time
P increases overall and is statistically significant.

Persistent - Locations that become cold spots are statistically significant during 90% of time step intervals in
Cold spot the absence of trends indicating an increase or decrease in clustering intensity over time.

A statistical cold spot for the last time step interval has a history as a statistically significant hotspot

Oscillating during the previous step time. Less than 90% of time step intervals have become statistically
Cold spot o

significant cold spots.
Sporadic Cold spot location is on—again rather than off-again. Less than 90% of time step intervals become
Cold spot statistically significant cold spots, and no time step interval is a statistically significant hotspot.

New Cold - The location is a statistically significant cold spot for final time step intervals and has never been

spot a statistically significant cold spot before.
L Locations that become cold spots are statistically significant during 90% of time step intervals,
Diminishing . . . . . A ; )
including final time step intervals. The low number—grouping intensity at each time step
Cold spot ) o L
experiences a statistically significant overall decrease.
Historical The most recent period is not cold, but at least 90% of time step intervals have become statistically
Cold spot significant cold spots.

. Locations with one cold spot track are statistically significant without any interruptions in final time
Consecutive ! ; - A
Cold spot step intervals. Locations were never statistically significant cold spots before the last cold spot
was run, and less than 90% of all bins were statistically significant cold spots.

2 ESRI. How emerging hot spot analysis works—ArcGIS Pro|Documentation (Accessed on August 9, 2024) Available online:
https://pro.arcgis.com/en/pro—app/latest/tool-reference/space-time-pattern—-mining/learnmoreemerging.htm
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hot spot(11.62%), oscillating hot spot
(16.88%) 501 ASITt. ol= 58 7}z 0] 44 7]

&%t AEA Tz AAA 02 55k Aol
09 AJARSH}. E3] oscillating hot spot2
FH 7t4 o] A5 otE-S HHESHHA = HEHy

o

A A Uehie gz, g4
FA ool W AEH R o 7] 4

= AE HojEr} ¥, diminishing

)
18
o)

i
p
[©]
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[ Seoul Boundary

No Pattern Detected

A H NS FEZHE 2M 21

cold spot(33.08%) THAc] 58 742o] wiok
ou} Azte] ALbeA AR} A5 TEoE,
oli= GAA Aol A kel A|oo] F) 7}

doe FERSS AARET
Non-TSA9] 4%, SATHHT= SEATE G
o]t @ekth Cold Spot ﬂx},] u]go] oF

45%= UERY, 8 7HAo] A&H 082 FAY
Aoh= oje-& At Consecutive hot spot
(9.76%), intensifying hot spot(9.52%), new
hot spot(0.24%), oscillating hot spot(12.64%)
9] Hl&-Z TSAEH WUt} o]= BAAH A<
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(BE5) A3t HE 2 2M 20| 7|aSAY

M HISAIE
IHE
Hlea HHE2(%) HIE=SS RS2 (%)
Consecutive hot spot 2,441 9.84 1,133 9.76
Intensifying hot spot 2,883 11.62 1,105 9.52
New hot spot 174 0.70 28 0.24
Oscillating hot spot 4,186 16.88 1,468 12.64
No pattern detected 6,834 27.55 2,738 23.58
Consecutive cold spot 24 0.10 0 0.00
Diminishing cold spot 8,206 33.08 5,135 44.22
Sporadic cold spot 55 0.22 5 0.04
Persistent cold spot 1 0.00 0 0.00
A 24,804 100.00 11,612 100.00
olch. =, PSME §5) F e 21 %A= BF o TSAY non-TSA 71| ¢ 712 ol
= AATFOEH AAH of Fof| T2 53 T A% Aot} Paired t-test: &9l F+ AT
=
2 B 3 714 Zjol S Bt

S UH%% A9‘r non-

ME F= 35, 3687H°=‘ o, i Foll= 20,628
NZ2+ TSA} non-TSA7} 10,3147 ZAxDE
243514t} SMD, eCDF, VR 5 AF8-5}o] v
o] AA 0 & o|FojF=A] HFol o, v

o

A T gjHEo] Hgo A SMD7}0.255 %35}
A &2 QI 4 ULt o= F A THEA
o] FAIH S 2lvlsh, PSMo| BFpF o R

SMD, eCDF, VRO 7§A& 11 uff, TSALH
non-TSA 7+2] 127}X] E4Jo] z7]|ol&= Ag5]
2o 7} Al oL}, PSME E3f SAGH Fej2 WA
S22 Hoj&Er)

(HE 7)2 2014¥9HE 2023714 PSMO.&
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O
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(B 6) 82 H+ MY 435 2t
g8 Ha= Y 01 g% Ha 0 0|
ey
SMD VR eCDF SMD VR eCDF
X1 0.020 0.266 0.013 0.009 1.614 0.011
X2 0.149 1.116 0.022 0.011 1.060 0.004
X3 0.197 1.103 0.045 0.044 0.827 0.015
X4 0.016 0.318 0.019 0.009 0.5637 0.024
X5 0.052 0.866 0.034 0.027 0.894 0.007
X6 0.493 2.113 0.191 0.150 1.663 0.062
X7 0.012 0.738 0.031 0.012 0.885 0.019
X8 0.075 0.686 0.020 0.035 0.935 0.017
X9 0.557 0.833 0.069 0.105 0.926 0.015
X10 0.538 1.164 0.130 0.114 1.063 0.029
X11 0.053 0.978 0.011 0.026 1.033 0.006
X12 0.147 0.880 0.022 0.052 1.062 0.009
CERS 35,368 20,628
Z 1 SMD, standardized mean difference; VR, variance ratio; eCDF, empirical cumulative density functions.
(B 7) 83 84 WHHOR TEE M} HISHIH 210) TR LT RO|(SHS): 3t £)
B 95% L=|F12t
O p-value
SN2 H|SAI X0 ot st
2014 339.102 339.103 -0.001 -6.457 6.455 0.998
2015 369.684 367.884 1.800 -5.326 8.926 0.625
2016 369.749 367.859 1.890 -5.229 9.009 0.602
2017 389.753 386.954 2.799 -4.950 10.549 0.479
2018 419.436 414.781 4.655 -4.177 13.487 0.301
2019 481.017 469.593 11.424 -3.130 23.160 0.056
2020 513.709 499.772 13.937 1.774 26.099 0.024
2021 565.894 546.830 19.064 5.421 32.706 0.006
2022 621.393 598.944 22.449 7.128 37.770 0.004
2023 571.369 551.601 19.768 6.343 33.193 0.003
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Ajolc}, B4 A},
TSAS] ¢ 714 E‘*E_F'—gol non-TSAXT} 34t
o =7 YeRdth 20149 diE] 20154 )=
0.509%, 2022 0]= 6.762%& TSAS] 8] 7}
o] o ¥l2A] 5ote B2 Bt 20199
HE 2023971A]9] ©EE 2ol 3] 57t
5], 202249001 °F 6.762%2] A}o]7} UrERG
th. o= 99% AlZ]| 7ol A F-o]m|gt ol &
7FE|}lom, TSAOA 8 7}Ao] X&AH o=
non-TSAE T} Hl2A] A532-S oJv|ich
(X 9)&= OLSE 53l TSAS} non-TSA 7+ 5
& 7HE WEES ATl AT ART )

|

Hujsz FAIRE JHolA =E3t Aol
B4 A7} TSAS] J3H(TSA effect)2 2014
of Hl3 201593} 2016 = BAH R

oJu]skA] ¢k A 0 & LEFHTE SFA| T 2017L4
58 TSAS| 8 7124 AF5o] H| A A vl &
AXog FoulsHA o Atk A7 EEE
t}. 9l& £01, 20170l= TSAS] 8 714 ¥-5
£°] 0.525% © =3kom, 2022¥0]= 5.271%
& T Apol7F 2A F7Fekit 2023 W0l tha
Aasto] 4.923%= UEFRARE, o Hs] AAH
A o] BIHA|HETE OF 5% U =2 8 714 ¥

EEZ Bk

A A

(B 8) 43 M4 IHOR SEE oA HIME 710l BF HEFE|Z HES XO|(HO: %)
Bz 95% Al272t
= o4 I Aol st At prvalie
2015/2014 9.321 8.812 0.509 0.212 0.804 0.001
2016/2014 9.394 8.847 0.547 0.247 0.846 0.003
2017/2014 15.121 14.238 0.883 0.530 1.236 <0.001
2018/2014 23.192 21.902 1.290 0.867 1.713 <0.001
2019/2014 38.038 35.187 2.851 2.234 3.467 <0.001
2020/2014 47.443 43.595 3.848 3.175 4521 <0.001
2021/2014 61.555 56.122 5.433 4.608 6.257 <0.001
2022/2014 76.535 69.773 6.762 5.746 7.776 <0.001
2023/2014 64.540 58.531 6.009 5.099 6.918 <0.001
(B 9) 3|HEAMOZ TEE AMTE SIHTSA effect) 2A ZIHTHL|: %)
ol 2015 2016 2017 2018 2019 2020 2021 2022 2023
= /2014 /2014 /2014 /2014 /2014 /2014 /2014 /2014 /2014
g‘éi_lf 0.176 0.212 0.525 0.814 1.834 2.604 4.084 5.271 4923
p-value 0.263 0.181 0.004 0.002 <0.001 <0.001 <0.001 <0.001 <0.001

Z I TSA, transit-station area.
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InEXE

2 A= 109 599 AE W JAA(transit-station Area, TSA)T H|HA|H(non-TSA) 7H] 7iE¢] 714
2o|E AlB7HE oA EAdotlom, Al FE Heldt AJeF M4 i A-8otrt. el 8 A=
Ut At A, ETE 7HA0] S B AP, AR, S5 AL SR R AREERAV I A AN
FHHOR =9kom, o] sfel2 201497} 20239 Bt RASHA fAIESIT. 714 ¥skE SHoA= 20144
o] 201590 FFH 2, AF, ST TR Aol T GoH, 2023971 7, 84t HEEoj|A|
et 7o) 1= =4, TSA% non-TSA AY 719 744 Zpol= 20144 1,770% HollAf 20224 7,770%F
doz gfE|glon, 714 MBE Aol 2015/20144 0.6%C1A 2023/20149 10.4%2 S7FH5itt. AR, TSA
£ dig9] AR} 94 stAIHconsecutive hot spots), 743} StAZHintensifying hot spots) 50 & LERGOLY,
non-TSAIA= <F 45%9] AR SEATO R BREQt 2 A= 59 714 9 Wsheo] 37H 2Lt ARk
WIS olsfist, Fa4t A R 71ES vHAT 4 SIS ZC0E 7|dHh

FAo] - A, MEFEIHE, SRt FE BY, Y de iy
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