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The Impact of the Opening of the Railway Underground
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ABSTRACT

The railway underground in Kaohsiung City has been fully opened to traffic on October
14,2018. This research is mainly due to the phenomenon of housing prices shrinking due to the
implementation of the underground railway in Kaohsiung City. The impact of housing prices,
the sample period is 2 years before and after the opening of the underground railway operation,
from October 14,2016 to October 13, 2020, using the internal attribute data provided by the real
price login and the geographic information system to collect the path distance, using propensity
score matching (PSM) find two similar sample groups. Thereafter, the difference-in-differences
(DID) method was applied and estimations were made using traditional OLS. Housing units
located within and outside the Kaohsiung railway underground range of influence were sorted
into the experimental group and control group, respectively, so as to compare the residential prices
before and after the underground operation of the Kaohsiung Railway. The results indicated housing
prices increased by 10.1%, for units located within the line’s range of influence (within 150 meters)
after the opening of the underground railway operation. We adopted PSM and then conducted DID
regression analysis, and the estimated results should be more in line with the reality and robust.

Key words: difference-in-differences method, propensity score matching, geographic
information system, railway underground, housing prices
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e SR 3 N (EA20094F-6 H26 H IEEN T » B RAY15.37 AV MMEfiug » e
JRARBEE /8 ~ el R B LS 3Okt LB, - SIFT e paE ~ SEffRE ~ sl =3E - ]
fG ~ BT AR E 387 B M BN GG - HEE—FE B MMESRER CARTE2018F- 10 H 14 HIEEE - $48/Y
55 s B b TAZ HITEE 2023 2 858 T AWIFE LU k15 8800 8 ik 22 JEA L LI S8 G 1S AR T v
SITHENEBE BT ES - s e El R AT B R B 25— -

A FEE R N BEEA B E R 5 B EERIRB M EERL S ER AR » nl &
SR ERS ~ REL ~ MR ~ R8I - A8 - K - B BE AR 2T
JBIEE R - BRI Ry St MU  E H R 224 H 2016410 H 14 H 220204F 10 H 13H I »
3£65,536% » HIREEESRATE SN L3 ~ $EEY)  BAT - RERR S IE Beotilin(E - 5%
RIDMFEAM - #)E5 - AEBT - BB TR - BRIE - BEABMAERS B FMEEBHRR
ERHE T~ EYIRCEAT) © 5351 IR A RIEEERAAE R EEREK - ERREHRE R
B AW BB DL SO ~ FEEERI DL oM ~ iR Bei Ll L Kof#FH &
B HEITHIRR - BB EEEE AN A R A ERME - FERe00 A RSN ER » HiFEH Y
SEVSEER N ALIS AR R ~ 4b » w1508 R AR Bl B#E 150248 R 60028 N #i
B Ry A - HEH11,242% -

(=) BAECE

o i B B8 5 vT RE R T BB PG B BT L2 maR » ARIFFCER FHHeckman et
al.(1997)$¢ H 2 A & EREBGI R (nonparametric regression)HY{E 753 BC 43 BT 474 (propensity
score matching, PSM) » f# 2 B Bt B 3 HeH 8 1 2 [EIRY 722 52 Dlprobi Gl B v B SR A5ET
BEHUR » Sellnearest neighbor JJTEMETTHOES » SHRESERACHEE » EFERITG 3 F Rt RERA 8L
HEFTUCHD » A R (resampling) DA A BRAIRHR IR 2 o WEDEAHGETT « A K JER|
SEPOELTR 2 B LU BE BT AR » ISPSMIC 1% » B3 2115 - Bl R AR 1A
a2 RE =

¥ THUR o AERCEIRT - JUEEEE B AGE ~ AREA ~ ROOM B DY /{[E i e s 8 52 35 B o
724 MEHLIVROOM » BATHROOMANERE » FARC ¥ M s s Ty RS - (URACH
R E R R [FIEE - ST AR P RE R L B X B RO B S a2 S R M R AR - RIS AR ST
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FHABBATHROOM) s - fEE Al DR - N
LA A A | RS, AR (S A b 1, [ A
OO Eigggiéﬁ?Mﬁﬁ BB ERR - R+
FR{PARKING) R M E R - TIRBGT T -
RN TR, ~ TN B T EEE
EESER(TYPE) =R BRI REEE . DA R LLIRIEHE o KME(BUILD)R
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;?ﬁi&?;ﬁ SRR, BEIGISTRHTH T 5 FBEFTE L I
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R R
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BB TCREEIEN 01848 108 13 H L HYZ0R 1 A5 Bl AT R0 © 1
RIB(TIME) 20186E 10 14 #EF520204F 10 13 1 1 (920K By 5 B3
IR -
R DR RO ~ 2O B i
ME RS A - DL SO R B R - RSB TS
(TREAT,) FR150 N g R RN 2 (FEE SR 1 ARSI R
15080 R 2600~ N E 2 2 A MFEERER R 0 -
BB T LB R N
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AR A IR R ZE - PSMPACE FiERARHE 2 s An R A0 E VY AR - TS s (b
fR@i% (standardized bias, SB)Ef LLAUE HIE HEZ/ M5 % » BURACE RSB AR » AFRACE
nn B R o BRI R B H B PR R IO S R S R e 5 FER AR = R ERER
SERSR - MUERS AR - RSB E RE A A AR R -

(Z) HliRETE

VIR » (2 ER R E I 80903 31 B TT - (ER I 8045 365F - Bk
HIE-E80R19.765F © FBREIEAT-E80R3.050 « FBEHHY 380k 1 .83 » fna B S8k,
1.82fH] o ARITE NG BEBHERY -2 805455.69 0 R » s B 2 BRI 28056596 .89 A R » #GT
e R BB B0Rs 643 058 R« SR HEE LS < BB 80R 1 312154 R -

EEAER Sy (FE AR 2 38358 » (HHEEEET74.19% @ N Ry606E » [HHESEH18.90% »
HE[E F5222% » (SHEEEE6.91% o FRIEMEIGERY » R —RE 2035 » (HHE%E6.32% @ FF—1#
Fy3,008% » HHEZEEN93.68% o STHIN L 1,3995 - [HHEZEH 43.56% » EHALZ(FER
18125 » [HHEEEE56.44% - ARSI AR B BN (150 REAP)Z 5 Fy 1 8835 » (%

R_- PSMECHRI Rz BEHEMITHIERARNFOEER

BEARFCART(N = 11,241) BEABCE (N =3.211)

B B PEHIAH pastiial Bt PEIRE pacticl
(N=1.883) (N=9358) (fE) (N=1,883) (N=1329)  (tfH)

R 19.16 17.50 -1.66%* 19.16 20.62 1.47

(-4.24) (2.78)**

T 45.82 4421 -1.60%* 4581 44.66 -1.15
(-241) (-1.23)

R 3.05 2.90 -0.15%* 3.05 3.04 0.01
(-8.70) (-0.24)

HHER 1.83 1.81 -0.02 1.83 1.84 0.01
(-1.56) 0.97)

HIRE 1.81 1.80 001 1.81 1.82 0.01
(-0.85) (0.29)

B ST IR N o BB 453 .40 431.03 2237 45340 458.93 553
(-5.40) (0.84)

Bl i 3T [ 2 PR 597.87 585.20 -12.67% 597.87 595.49 -2.38
(-1.85) (-0.24)

B f 3T 1 o R 643.06 700.77 57.71%%  643.06 643.04 -0.02
(8.34) (-0.01)

Bl 5 S e P 1339.30 110921  -230.09%* 133930 1273.69 -65.60

(-17.89) (-3.57)%*

it FERIE R B R E AT - SLHET T R E E MERE (Levene i E) » * ~ ** 3 5IHFK10% ~ 5%
B KMERRE BN
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BRI 5 EAY

El 9B

o3

— Ll g MeRpl 13

K= PSMEC¥H R ERAMZEHIBEERATAGE
B ABCE R BRARCE 1%
HhakE PrethilRE =t 5l b G
N =1,883 N =9,358 N =1,883 N=1,328
RE % RE % pfE KE % KE % plE
ey 0.001 %% 0.029%
N 1417 753 6,623 70.8 1417 753 966 72.7
E ] 138 73 648 69 138 73 84 6.3
INE 328 174 2087 223 328 174 278 210
FrifErEfg 0.124 0.999
—& 119 6.3 508 54 119 6.3 84 6.3
JE—H 1,764 937 8,850 94.6 1,764 937 1,244 937
ECVREE 0.001 %% 0.026%
5 851 452 4,699 502 851 452 548 41.2
4 1,032 548 4,659 498 1,032 548 780  58.8
B ok s e el [REIORIRERAEL10% ~ 5%E11 DoFHE /K HE N EHEE RAE -
DlBTh‘RT T T T T T AR EE G B N EEE G e BN IR i e BRI I ARG E IR '.
recm R it s ol
AGE R FEPRTRCIRL Do
AREA [ e 1’ e
D|STN1|DS|:H BB e s S B I EE e G ER I EE e ..... .....................
lrvrocam ] L ]
bathroom L
DISTHIGHSOH |- @ oo oo e o emm e e * Unmalched
= Malched
| I I T &
20 1] 20 40

Standardized % bias across covariates

B PSMECHRIRIZEED S

B 58.62% RIS ISR FE YN R 1 S0 AR ZFEE 1 32858 » [HHEEEEN41.38% - %538
SEERT018F10H 13H DARN A HE %1 8195 » [HHEEE56.63% @ @ % (2018410 H
14H DU#%) 38 580k 1 3925 » 5 HEEE843 37% ©
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FM PSMECHEBRMLERMETER(N = 3,211)

T 8 REHEE i/ IME S ANE]
FEEERGETD) 903.31 850.99 45.00 9670.00
T (BF) 45.36 26.35 10.00 193.30
R () 19.76 15.05 0.1 54.80
L)) 3.05 0.67 1 5
FHERL(H) 1.83 0.37 1 2
IREE) 1.82 0.54 1 5
B i 3T B/ N R (A R 455.69 176.53 39.67 1036.93
Bl 55T B o BERE (A ) 596.89 274.34 39.67 1586.61
S5 SN v i=l (A AN 643.05 283.55 39.67 1738.90
itk SEVAYA Sl {/ANAN! 1312.15 514.49 117.60 2832.43
XE [Epag=e BEHETT

F=2EAI(TYPE)

EEAH 2,383 74.19% 74.19%

YN 606 18.90% 93.09%

#Eg 222 6.91% 100.00%
FiifE1% ) (FLOOR1)

—H 203 6.32% 6.32%

1 3,008 93.68% 100.00%
EUIVEEE:

H 1,399 43.56% 43.56%

i3 1,812 56.44% 100.00%
R SEIR T i i 2 [ P 47

150m ) (52 225 [ A 1,883 58.62% 58.62%

150m# s HE M 1,328 41.38% 100.00%
BRI S EW
i L LT 1819 56.63% 56.63%
(op SEEERE e 30 1,392 43.37% 100.00%

F > FRERMITH

AWFTE R bR e eSSt ML AT (e 22 EHISTATA 15 04Tk i1 T4k
it o R AR - OLSEEFHEA Y F{E F1857.60 * Adjusted R*E50.908 » BE/ R E4590.8% 2
FRFESAERLEE )] - RBYZ VIFE » BR T EEFLE A 750 - 8RIF/INMRS » o BB 5%
B2 %o R -

FEAERE T G - AR HREUR0.016 » 3E1%EEE/KEE - FoREFEEERIN—
B (EEEREIEIN1.6% (18 (e-1)) » BURAEEA - FEER 8 & BlZhang & Yi(2017) K
Wang (202 )IFFEHE AN o RERAEEHREUR-0.042 » 3£ 1%HE/KNE » BURFE S G FER R
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IR A - 3 EFEREE - SR ERAY R » B2Qiao et al.(2021) ~ Duan et al.(2021)ifFFEf
RAATF o RESE A EHREURB0.001 » 321 %HEEKHE - oREREFIERMERLR - BUTH
(B ECFRA AR 55 A sl » BdBin & Landry(2013)RF5245 SEAEAT - BB it iR 80R0.036 » &
1%FAF K » FoRFREIBENIN—M - FEEEEMN3.7% - FURFRESZ - FEERS
8= > BdDuan et al.(2021)IFFTHGSRAART o FEERULETREUR0.095 » 31 RHHE/KHE » FOREHE
HUgn—i - FEEEREIN0% - SRKEEES  EEEREEE - fnBaEE R
0,013 » REFEFE /KHE - BilHuang & Yi(2010) ~ Seo et al.(2014)FEkE ARG E - Fifetég —
LR FREUR0.420 » 3£ 1 %HEE KM » FOREEATTEME N —# - [ER SR IE— M2 (E
EHAMNS2.2% - H1EE 2 IEEQ016)WFFEAERAHRT - (FE S BT REUR0.180 » 3 1%HEZE /K
e RRFBER RS EAEIN9.7% » BREEESEMZERERETAEHAL - HlLin
& Hwang(2003)WFFEAGRART o B R KEMEETHREUR0.094 » # 1 % /KHE » RRET K
BEHEK LA ENMN9 9% » BREERAEERENAE  HEERIEEMEHRECR0.086
DR KAE  RORETE R E R LLAERIN.0% » S RIEEEKESRAE - (£
ER R Mg 2 BUR KM EEEE 2 B LA E RS 0 BlZhang & Yi(2017)RF5TASSRAH
FF - AP IR TR (EE ST BN A EHREUR0.001 » REFHFKAE - BT E]
HREEREZ AR EREUR0.001 » 31 %HHE/KHE » BT m TP EEREZ A TR EUR-0.001 » 325 %
JKHE o BT HEEGEIREE A5 TR 550.001 » 31 %8 /KHE -

iy = WM JTH 0 TIMEZ MR B0R0.065 » 3E1%FAE/KAE » FoRE SR T
{EAE20 18410 H 14 H 7% 3858 B R 24 I (1 S5 (A AR A 2 M B T 24 5 HH6.7% » HilLiang et
al (202 D)WFFEAESRARE] » 5 38 M B A 7 i B KA 3 sl s B WS | ] R IE ISR - &l
EHEm EE RN E S EAE - TREATAEEHMREUR-0.033 @ 3# 1 R8EE KM » ROREBEAR
Z R e N R RTRIEET » ARERES IR 150 A RA EE 1504 RZE 60024 R FH
HEEEEIE3.2% - TIME*TREATfEERE0%0.096 » 5E10%BEE/KHE » FoRE LA N
RLA SRS AR R 1 SO RZ A » WA EEH B R AAS » AR EAEHIN0.1% - DT
HIWFE R AN EIE B ZFE QO ) Fe BRI L B s st MEBCR#R - B AR R
K AGRERE N LS PR ER AR N » B AR RIS - Lee & Sohn(2014) B 35 R #H
T MO S G R U R T Y M (A A M T S VR - R4 o BRES L T EBCGRRY A
IR e EEEER - RIS = RE R AEE B E RG] ZEEH T EE
B E H B ETF S %8.68% B 11.36% » itaH B A B R B 2 R8s M2 » Bl
BEZIEARFR ° Ghosh et al.(2023) LAENE 2% iz A3 i Bangalore Y 11 HH /OB % B BT A T3
JE8 R EEITIIZE - SRR RN G B R A (A A i B EREaEL
ERMBIERIB 2K - WRABEZRIFZECR - ARG LeisE E RS SR - (BB
B S AT AR R RS - B A HEE M E Y - BHEEEAG R A G R (H—H AR
HaG - i EE (R AA S B R NI RE AR (B - MAER TR SR IR -

SN » ESCRR 0T RERE 2% B L A ffT 5% S A S50 30 5% i A ok o 1 281 st B 20 [ o B S A
[E] o ANWFFCIRZ:E A A E 55 s 2 i T AR - 1008 R~ 3008 R 4008 R =B
PR HIMET TR T » BEURTEE SRS e A IR M 71 - ASE RS IR R AL - 22
ZFAERBIETIE  BRATEE BRSSO R R 2 AR E MR B 51 80.098
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0.084}20.103 » ¥53# 1 % /KUE » FIRIEAF A CHER P I BEBERY BT » (RS EK
TE SRS N AL/ S E A LU S H AT = o SRS AR s B B G S R B 1 Ry-0.048 ~ -0.026
$2-0.006 » Hrb A B R 1008 N #ES % RHE/KUE » GRARERZE /KA » RRIERNE B
oMb E R R A s 2 (LSRR R B [ 100 A R N2 (E B M S R SRS 1 i 5
BERAIE 10020 RGN o St sty T b o B P ] B g i e o2 7 B I o i B TR 84331 60,036
0.00852-0.019 » B A ZHHFE /KAE - FoRFEEAEERES T L8 530 B AR W 79 HLAE S S iR s
e BN Ry 100 ~ 300E240080 R » HE BafH Bl 2 (BRI AR SR 72 52 - $RA 1008
3007 N E s B B B PR I AE IS - B PSMAEC ¥ 1% » SEAERE S AT (Bl = 2 HH B -
BRI - BRFI4005 N 3135 B BatH B 42 hIRELES - 5B mPSMBL ¥1#% » sBEE8E L H 2 EHEE
¥ FRORBCE TR AN AT o ARWTIEER FHRERE 1 500 RUEIER B BatH By AHIE - (Efd T -
JUE R BT AGE ~ AREA ~ ROOMEH PU [ FH A8 g 5 E B AHEE 72 52 » MEALIVROOM -~
BATHROOMAEHE » PSMIAC ¥ % -CEREEA B f NS 187 TR Z R RS 1
B A R i R e s i 7 AR R s A 3 T LR - PRI S - AT AR
B 15075 RORy SRR IEES TE TS - TS A BHE s bl - BURAWIFE SR ER
FEE RS -

EEFENE - ARINNE BRI EE 2 8% HRI150 A RN Bt fy B i
IR 0 15022600/ Rz HEilH R F B EE R 200 E - AR ILIEAE - 150 RNy B
¥ 150-600 8 RIEFE A N R A i 2nviEtid - (AR M A rE A RS2 - HERMY
ERHUKEEE B R R - iRk 23 R IR R OR -

Wxt% - AWK E RS R AL E RIS AHILL et al.(2011)AYDIDALETE - #51H0E AL = M
T W B 3t T A/ S 1%+ (S A SRS it s 2 o [ ) B i B (] O o (A BBy » 400
[ LT+ FESE St L B BT - SRR AR BRI E 150 A RN (B EeAH) - H4%8514.939 »
SRR AR AR 1 S0 RAMNZEHIAE) - HAREUR 14.972  $8H ML M, - HHSESRES
U EHIE 150N R A » HEZ B R E0R15.100 » 0 FER WS AR R 2080 2 1 50 A R N (B ESHH R A
B HARECR15.004 - SRR ERHURARIHEA R - (FE[ES AR b S M i Al
FEAEZ 7258 50.096 -

IfE

InP

14.972

Before After
PEHIsE —— R ----- BEERRA#ES
BfR ZEPzEEGSER—UEESEASPFRHEEZESHEISOAR
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xAh ERBMHEHERNN=3,211)
1508 R 100 R 3008 R 40028 R
B E VIF EX FREL e
INTERCEPT 14.972%%% 15.027%% 14.856% % 14848
(0.044) (0.067) 0.027) (0.023)
AREA 0.016%%x 3712 0.015%%x* 0.017:%% 0.017%%
(0.001) (0.001) (0.001) (0.001)
AGE 0042 23.726 -0.045% 3% -0.038:# -0.037%s%
(0.002) (0.002) (0.001) (0.001)
AGES 0.001 %% 23.961 0.001 %% 0.001 %% 0.001 %%
(0.001) (0.001) (0.001) (0.001)
ROOM 00364 1.862 0039 0.050%# 0.055%%
(0.009) 0.014) (0.006) (0.005)
LIVROOM 0.095% 1352 0.122%%x 0.104%%x 0.100%%
0.014) (0.021) (0.009) (0.008)
BATHROOM 0013 1.874 -0.003 0.018%* 0.012%
0.012) 0.017) (0.008) (0.007)
FLOOR 0.420%%* 1.089 0.454%%x 0.428%%x 0.439%%x
(0.020) (0.027) 0.013) 0.012)
PARKING 0.180% 2761 0.176%%x 0.150%% 0.143%%x
0.016) (0.024) 0.010) (0.008)
BUILD 0.094% 4221 0.115%%* 0.1171%5% 0.116%*
(0.020) (0.028) 0.012) 0.011)
HUAXIA 0.086%* 1.595 0.043 0089 0.095%%
0.021) (0.033) 0.014) 0.013)
DISTELESCH 0.001 1.169 0.001 -0.001 -0.001 %
(0.001) (0.001) (0.001) (0.001)
DISTMIDSCH 0.001 %% 1.285 0.001 %% 0.001 % 0.001 %%
(0.001) (0.001) (0.001) (0.001)
DISTHIGHSCH -0.001%* 1.281 -0.001 -0.001%* -0.001%
(0.001) (0.001) (0.001) (0.001)
DISTMRT 0.001 %% 1.823 -0.001 0.001%* 0.001%*
(0.001) (0.001) (0.001) (0.001)
TIME 0.065%% 2427 0098 0084 0.103%%x
0.015) 0.021) 0.010) 0.011)
TREAT 0033 1.898 -0.0487% -0.026 -0.006
(0.033) 0.019) (0.009) (0.008)
TIME* TREAT 0.096* 3.159 0.036 0.008 -0.019
0.019) (0.028) 0.013) 0.012)
F 1857.60 878.46 3973.58 4869.76
R 0.908 0.902 0.902 0.898
Adjusted 0.908 0.901 0.902 0.898

it 1 AR R InP o RO AR BGE | DR /K E - FORREARBGES WA KAE > *FORELREGE10%
B 7K © FESRPI B R (robust BEIHERL - e 06T s - DUMKEHE -
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(—) K5

A2 {58 F DID I Z2 = S5 0% AL S A AR SRS v A B AR B2 2 - AR FEAEfEH
DID:Z Hil5e ¥ Bl S eI AEITPSMACET » 7 T RIRHARABY R E M - S EHRS SRR v
SBBRE R RV RER PR o [RIREHETTRS M M A 2 » B 7 A FRAMRE 40 (Rl FRr 2 T AN Bl 2
ERYZE REISUERIE R » FEREAS B ] R RIS ME B LR R 2 -

EHERER 0 TIME*TREAT.Z R #UE:0.096 » SEFAE /KA » FRoORE B LA
RSB SRR 1 SO R A » WS E B R RS » R ES S HIN10.1% - HRE

FQO1)IFEA R E TRt MEBGRER - Hur AR ER K - BB ML B Ak
RIBEH - (R ER AR EIEDR o Lee & Sohn(2014)E 2545 RN » M Bl 2288 R Vs fin 3l

W Y (EE AR A I SRR v AR i - st M LBCRAY R e BB E - 22 (2021)
SRS BB TR RO - LSS = R R A2 BB R 01 - ZEIME A T AL
- R PRI 745 58.68% 5 11.36% » BILCLIFERBRHDIDZ ISt » Fi S 2 Rl
Bkt Tt - AR 5 3 E L2 I - SRR THRINPSMIE e FHE AT DIDIBRSHT - Hh
IR FER AT & EE i L R 1k -
(=) AEBRFIERBIEAFTESR

SESH MEE M E ~ 5 BT S LELE S E T R RS AR - Hd
e eSS 3 AL EH 20094 [T BH L2120 1 84 [ & EE B LAY T 104F » AWH9E S A= sk
b R H AL B EAS AU 8 - MRS BNV EUR S SRS st LIRS~ &
5~ BB TS B BT SRS i AR A i (e (EAS 2 28 - AKWFSR 8 FIDID A3 A s R 1L
AT 22 fEFIDIDIEMFTCIRER Y » Q05 20 B Bk i 28 il o e s i &
HISEEMERZE » QG HIRAVBER A St i fmaR o KIEL - Ry BEDIDAY S E M R » WD
Athey & Imbens(2006)£2 Hii# FI S M B B FRRR I B B 7 03 Tk T Ry B E At
i(changes-in-changes, CIC) * #ZE ALy —FEIEAREDID » AMEFENR BB - i FRFfa e bed
BORTTH N SRR AME SR 52 2 - & + ARIRIFE AT B BB A [R] B G i e g -
AT 43T T B R B 5 O SRR A {1 S B T % B s B R [ S A R
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