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An Effect of Rail Station Accessibility on Building Development Density
geia™ HgE

Sung, Hyungun - Choi, Mack Joong

Abstract

This study is aimed at identifying the impacts of rail station accessibility to development
density at the building unit level within the rail station areas of the Seoul city. Multi-level
linear regression modeling is applied for the gross floor area and number of floors of
architectural buildings by the distance of rail station area(250m, 500m, 1000m and 1500m),
respectively. At the building unit level, employed are explanatory variables such as zoning
type, use type of buildings and their distance of each building from the nearest rail station
as well as distances from both road and intersection nearest for a building. At the second
level for the nearest rail station from each building, employed are distance measures of each
station for bus terminal, airport and central business district. Both interaction terms between
rail station distance to a buildings and its use type and between transfer station and building
use type are additionally included in the models For empirical modeling, the marginal
distance for the rail station area is limited up to the 1,500-meter, based on review results of
related previous studies. In general, our analysis results indicate that rail station accessibility
has significantly positive relationship to the development density of buildings represented as
gross floor area and number of floors, while such patterns for the use type as well as the
density measure are differentiated. Specifically, the development density are positively
associated with the distance from rail station for non-residential buildings, while it is not
distinctively related to residential ones. However, the analysis results on the total floor of
building are mostly same as but partly different from those for their number of floors by the
distance of rail station areas. The results demonstrate that the emphasis on the development
density in the planning and policies for rail station areas needs to be differentiated by both
tbﬁejggess distance from a rail station and the use type of buildings.
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Table 1. Zoning regulation in Korea

s e Building-to- Floor-area-r
Zoning Districts ('r\aﬂréi nr%}rrrc‘») My
- Central 90% 400~1,500%
§ General 80% | 300~1300%
g_ Distributional 80% 200~1,100%

o
Neighborhood 70% 200~900%
5 Quasi-industrial 70% 200~400%

o
g General 70% 200~350%
= Exclusive 70% 150~300%
g_ Quasi-residential 70% 200~500%

Q

- 3rd-type 50% 200~300%

7 P
$ |8 | General | 2nd-type | 60% | 150~250%
2 Ist-type 60% | 100~200%

o
2nd-type 50% 100~150%

Exclusive

1st-type 50% 50~100%
Agricultural 20% 50~100%

()
= Natural 1009
§ Environment 0% 50~100%
Preservation 20% 50~80%
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Table 2. Summary statistics by the boundary of rail station area

250m-Boundary | 500m-Boundary | 1000m-Boundary | 1500m-Boundary
(N=303,916) (N=303,916) (N=546,225) (N=596,724)

Variable Description
Mean Std. Dev.] Mean Std. Dev.| Mean Std. Dev.| Mean Std. Dev.

/Freq. /Percent| /Freq. /Percent| /Freq. /Percent| /Freq. /Percent

Total floor area of building (m2) [A] 87368 429020 80266 353375 77644 334797 76798 326051
Dependentlog (A) 562 132 563 126 565 122 566 121
Variables  Number of building's floors [B] 358 292 355 286 352 271 352 275

Log (B) 105 067 105 065 106 063 106 062

'r\gg’;’b”‘t‘:g; floor area ratio by zoning 465 37 371 200 330 249 323 241
. LevelBuilding use type  RESGENtal 51,033 604% 210132 69.1% 400146 733% 441159 739%
I:gepen o 9 use type  Non-residential 33439 396% 93784 309% 146079  267% 155565  26.1%
Variables  :Distance to the nearest rail station Log] 5.10 040 5.69 0.45 6.06 0.55) 6.14 0.60
Building  Distance fo the nearest foad inersection 465 0s¢ 480 060 485 063 48 063

l?r‘;‘;"[‘fg i the nearest road link (center 395 (79 405 08§ 411 090 412 090

ol Tl S | 65997 781% 236,287 77.7% 429344  786% 470192  788%

No 18475 219% 67,629 223% 116881 214% 126532 212%

Distance to the nearest highway
2nd Levelintersection/junction  from rail  station 7.34 0.81] 7.32 0.81 7.32 0.82 7:32 0.82
Independentﬂ'p—cﬂ - -

Vatiables Distance to the nearest airport from rail 963 059 965 056 965 05 964 054
Rail Station Station [Loa] ' : : : : : : :

Distance to the nearest inter-city bus
terminal from rail station [Log] 854 0.64 851 067 850 068 852 067

Distance to the nearest CBD from rail 853
station [Log] '

135 861 1.26 8.67 113 8.70 110

Note: Nominal variables are provided as frequency and percent unit and * represents reference dummy variables in the models
p quency P! P! y

o] FxS tlo] Mo TR YAFES  Duncan (2010) S 7IE HFOAE ZHLIsHA &
TARIS cClustered data) A4S ZH=Cl olgt & 8%l AeM, Azl SVl mE SAEIL Mg
2 ASH X8 Wdsh fel RAEEE T JYUg 9nisith

Z AT (multi-level regression mode)E H&

Stk olof met AFES GiRlrE1TRCR 1 v, 2 9 1A

21 FTYg A9sFesR)0R 4860 oY

ol M As= SEAE7 7FE 7ol fIRl 1 xmpdo| Xty m

g ARleEe A SAARY SIieE AT
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I SHWe B 2OWSG) 2O-2OP0F  1500m2 2t 2] thel SEwses 2T A
TASIEIE §o] Sy BE ARl Heol g9 A=E guyt AszEeste mleik] go
oF VRS Aleleh AIEA, 5 RS A2 3R Aoy A9 mEet 2228 BE PRI
=0l QA SFErS ts 1 WA= BE me mge AsE Jwsl tig sAY By
OFe ARIE 1I8jeh 20tk o)fdt WHEFHE  =20) gist 870 mEos = 1674 (& It

o

IEAE | 69



gz -

EIEIES

(E Dol ZZ AMAISILE ol& & 16709 Zgo
A tiEAe=2  Fthl  AASg(ntra-class
Corelation Coefficient, ICC)oll Thet R=H] HEZ
IKHy: p=0= ZF SAXCE ROlsiCh mi2tA
SIFleET ARleE FuRt AWYo] BARCR
RoJgt Xo|7t EXfgs ERIFCEN TeE Sl
2o AFEdol gHE oz mud 4 Qlrt
(Rabe-Hesketh and Skrondal, 2008; Hox, 2010).

5t ASREE0] 2R 22 ZF(EF A
1 28 EE((EE BO JMddE REd JAA
Hod 2o A BEe AIC 289 A
2 Hluwsto] 1 ol A2 2ol Hrt Ageittal
WEsHA Eh BIC A thedE 37 ESolA
= FFE I3EA97 2] g2 1 #E7E
0] ESstEE, AIC SAZO| Hr}h HiEEstt
(Hox, 2010). J2EE e A3y Hodys
AIC BAEE 018310 B8 A9 BY BY s
Hug o, 2% A7} FAlol Hisle] A7) i
of 45agso] ke Zgo] Hrh Hgst By
de & &+ Utk

ohH, ZZ10] Jidr: XHEHI oAl Hol
e 289 HFY Hlue aigehs E5H0)
=7 2EskEo] AR ME9] 377 BR
Cl=Ch oSt Holal A HAH=Z ofwist
9] BEo] Hr} Poith= 289 AT Hlu
= AR E7Fssith 3B o7)ojAE HE9
EAEolA AAIEL = HeE slPARe] &
A XOIE Soto] HA| xlojo] mWE HEY
YT} AL E00] A, & JFAS SAX
fold, B, 27] 52 mloleks Z0] HidZs}
C}. ool th$t aide thael Zzte] AHddE X
3ol thet BAZoIA FIAIEOIFICE

70 | (ADHERE-ZAA =G

2 758 o

it

ABEEQ| duzg ESHeE & B89 F82
oA 2 A7 20| He A Azl9 &4
Are 28 AdEEEE0] 2o 22 28
oM SARCE Folgt &(-)9 e v 250m,
500m, 1000mOlal HL=AORREH HOESE A
29 dAWEo] ZaskAlE v 1500me] 2
oMz &9l ghe 2kl o] 1000m oAt
oME HRIE EIBHH 1 FAV GdEe 8
ge I & At olEt FEEh= tiBEe
2 Aoty Fdat /ddee] 347 28dst
A LERE dd8s delo) 2Adikgsid-gr,
2013 FAslo] sk Zilgle € &+ Atk
s B9l yARRIAS BEEet BAE 1
N AFE U9 TKAEE €88 o, I
Helol Mtk Zat gElAr] tiEeE E0J-Th

DAE ZRolA AFE9 8ol ME RO
CiojdH=o) Ola A= =0, oA s4g A
Zlol PIXISERtE HIFAE HHE0] FAE H
ol AWE0] AFOR O drths Aol SAF
OF [ROGHA LIERdTE JEAN Hed A
AE5E 8ol d5Age 2ae Y BE HH
A Al mE AWEC] Wl gele F 8
7} TEA Ui e Aol mE HIFAE
AEE9 AU WIS welslo] xash= 45
& W0l Oloid, e Azt HoldsE HiF
7& AFEQ dUA Es] dEHA Faohs
Z0=2 LEHCEL J2|1] HIFAE AFE9] AHA
2 FxyozRy Hold+s dupses A &
age Ahd Yol sATge Sold B
ATk Ol HIFAE AFE9 dux2 F:Ho
eSS 11 |HEC 3t Hok o 2 dsE
TERE 7IAA #& 9uletth oo Hish HIFAE

AZE0| Holgn W 348 7AEE9 ¢uy

=



HEY F2H0| ARE WU 0X=

g

WSl 2afohs FxY Az] Hes Frdo=zr
B "HolEsE E0jt= 40| Aol I8Et &
I2 118 1000mE Holv= ZAZ SgE 49

olt

olie 28ld FAE AF=9 a0 SAFC=E
ROBHAl E7Igte HojFl ULl o) BAZIE
S, HIFA 8k HHFo| FAE Hih

X 331, Fxoo=RE9] A 7 fE ¢
HAo] A4 d, & 71871k FAZ0 His Hot
Arke ZE I + Atk 56l HIFAG AF=
9] WA WIk= HTYo| rPlesE 1 ¥shl
o 2 dastA|e "Woldss 1 A4aX0] O
Eolee Zeg & + At

T4t 28 A9t WE B EFolA SAHER
g8 Hdudeso o Rt 2] siAat
A MAIGH Tt 2ot N AFE 7IECR
sigsh= 899 #Hy 2o 5187ks 8580
EETE AFE9 AU FVkee € & Atk
T2 wAEee] Azlo] oigt diks HoER
1 2t thiee € &+ ok o HxY 7IEC]
27EAME FEYy HAEDY B a5E=2
IC/IC AOl9] A7} 7Wha+s dFE9 duA
o] EAXCE Rolgt #E0A S7lohH, HE
o oAl LEE o2 xS KRN
g B ORER FIYy BN #AE A0 U=
ZI0F LIERIT] F£5 SHYFAT 389 AL
= A=Y Aol e EARCE [odtt
gt +FEE oft 599 49 BE BESEE
glo] Zoke HE)olN AFE 8Ll HSEE
WEE HE HFEAE AFEQ gHEe 59
FHOA SAXCE RosHA ¢ dtke AKE
& 4 Atk XA oo thSslo] S5 ¥
of gl 2= FAE AFES HHAER &5

o FHOIA @a]H O A2 ZC= LIERITE

0

Alofsitt. WA ASERES0] &tJEW %}%
AE BdlA HH FukE oz FL-YHOoRHE Az
7 B71gl met AEEl B4k SARSE &
OlstAl B4 AKdE & &= Utk 2L A%
=29 WA BEAZuet g, v 5009 O]
HAolM= AFES E<0l thgt xlol7h gloLt,
54 250m, 1000m, 1500m= 2% SAFCRZ &
OlstAM 2(-)Q dlFAFRE 7KL ASS 2
& QUrl o ¢EAT gyl Sk Y F24
91 o*ﬂ]ﬂalol 1500m7HK] tiRIBlo2 &4= x]

OF HoRIKIEL 8 250-500m HP9 S5

ﬂE}E} zlol7h ALY @5l o] HLloAl= 7}
Sh= Aol e oz Zoig + Ut olst
A= Qe ZA7(2011)0] GMIHEAY] HAFEQ)]
52 500me HMIE AARolA Hrt
5] YolLk= FAlo] 98] LEERR= oi=5iA)
oz ZoJg &+ Urk

ESt AFEQ 8o ek HIFAE HEE
FA80] Hlsh [olstAl =A LERATE
BY A5EE HE o Y

SE 85%2 Helalo] Ay

HH, kg 250m OJUQ] Hoe AQlstile (HA
9| AL} nEiK= éE‘ZIOHH HolE+E HIF
Ag AFEQ B4 Z4sh=d Hisl FA8 A
Q5 E7feh= @ilo] HFAECE
et BFE 250m OJUie] HeoM= HIFEAE A
29 S AQSt AFES &9 &1t S(-)
ol 1 7Nl USE & + AUt & AFEY
WAL} g] S5 T 250m OJUolAlE A
ot HIFA 2F E:Y A2t "HojEsE d4ast
= &t Utk

F 1B

/\‘[ ;cx

(¢]

| 7
IR 728
72l mE 54 H

{

7:/\

IEAY | T



45

BriEklyIT-IZ=idhady)

Table 3. Analysis results for the total floor area of building

250m-Boundary

500m-Boundary

1000m-Boundary

1500m-Boundary

Variable Description A B A B A B A B
Coef. z  Coef. z | Coef. z  Coef. z | Coef. z  Coef. z | Coef. Z Coef. z
Maximum floor area ratio by zoning 0006 ** 386 0006 *** 373 |0015 ** 1603 0013 ** 1454 (0022 *** 2874 0020 ** 258 | 0025 ** 3284 0023 ** 2933
Building use type(=Non-residential) 0.571 ** 5975 1517 *** 1479|0485 *** 9646 1363 *** 2593 [0.429 *** 11326 1.272 *** 3562 | 0410 *** 11331 1295 *** 4015

.. Distance to the rail station [Log] -0.147 *** -1395 -0.044 *** -2.88|-0.022*** -465 0.044 *** 72 [-0.008** -275 0041 *** 11.1 | 0007 ** 237 0.055 *** 1685

f'. Interaction between non-residential building 0193 ** 963 L0159%* -17.23 0144 %+ 2439 0149 *** -2829

% use and rail station distance ) ' ’ ’ ’ ’ ' :

" Distance to the nearest road intersection [Log] 0017 * 169 0020 ** 207 |-0.015** -319 -0.014 ** -2.96 |0.004 129 0.005 149 |-0.002 -0.67 -0.002 -0.59
Rﬁ;"ce fo the nearest road link (center line) 57 s g33 (0053 *+ 7838|0024 *** 734 0022 ** 674 |0001 042 -0001  -033|-0005* 232 -0007 ** -313
Distance to the nearest  highway _ 4 . T i % g — g . J y 4 E .
intersection/junction from rail station [Log] 0.229 *** -351 -0.231 3.53(-0.234 *** -3.88 -0.235 3.89 |-0.185** -342 -0.187** -345|-0.180 *** -338 -0182 *** -341
Distance to the nearest airport from rail g5ec g4 0084  083|0063 069 0060 066 |0008 01 0008 009 |-0001 001 0001  -002
station [Log]

3 Distance to the nearest inter-city bus terminal _ i o By o i e o_9e o * — y P y — i P

i. from rail station [Log] 0197 ** -235 -0.199 2.38|-0.216 28 -0217 2.81 |-0.221 319 -0.222 32 [-0227 334 -0.228 3.36

o

< . + »

s R‘;;“‘e fo the nearest CBD from rail station 509 029 0008  -028|-0009 -034-0009 -032|-0011 -044 0009  -038|-0012  -048 -0.010 04
Rail Transfer Station (=Yes) -0.175 -132 -0261 * -196|-0232* -19 -0271** -222|-0215* -196 -0250** -2.27 [-0219 * -203 -0252 ** -233
Interaction between non-residential building . o . .
iiSe afid fansfer-statiol 0.168 793 0.098 894 0.093 111 0.087 ** 1077

Constant 8883 *** 618 8402 *** 584 8883 *** 681 8552 *** 6.55 [8981 *** 773 8712 *** 749 | 9040 ** 793 8780 ** 769
Std. dev. of between-level residuals (V') 0.884 *** 0.884 *** 0.829 *** 0.829 *** 0.747 *** 0.748 *** 0.734 *** 0.734 *=
Std. dev. of within-level residuals (v#) 1128w 1128 ** i 3110 = 1096 1.095 *** 1092 *= 1091 *=

§ Intra-class corelation (ICC, p= L.i”) 0.380 *** 0.381 *** 0.357 e 0.358 *** 0317 *** D318/« 0311 *** 0312 **+

& No. Observations 84472 84472 303916 303916 546225 546225 596724 596724

& Log likelihood(null) -132905 -132905 -469827 -469827 -834403 -834403 -908979 -908979

ﬁ' Log Likelihood(model) -130769 -130694 -464105 -463919 -825843 -825480 -900075 -899609

Q df 13 15 13 15 13 15 13 15
AIC 261564.4 2614185 928236.3 927868.2 1651712 1650990 1800177 1799248
BIC 261685.8 261558.7 9283744 928027.6 1651858 1651158 1800323 1799417

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 4. Analysis results for the number

of building's floors

Variable Description

250m-Boundary 5

SOOm-BoundaryB

lOOOm—BoundaryB

15()0m—Boundar_yB
A

Coef. z Coef. z | Coef. z  Coef. z [ Coef. z  Coef. z | Coef. z  Coef. z
Maximum floor area ratio by zoning 0002** 292 0002** 258 0006** 1125 0.005** 10| 0.008*** 2025 0007*** 1779 0010 2457 0009*** 2149
Building use type(=Non-residential) 0228** 45 0374** 688 0173*** 6453 0539 1925 0137+ 6821 0526"* 2778 0125"* 6513 0545~ 3192

.. Distance to the rail station [Log] -0026** -467 -0009 -109 0003 103 0031** 929 -0007*** -403 0016** 828 -0004** -289 0019*** 1084

1% - " " o v

ot Interactlon' betvyeen 'non—res:dentlal building 0033% -314 0,067+ -13.55 0,066 -2119 0,071+ -2535

2 use and rail station distance

~ Distance to the nearest road intersection [Log] 0.027*** 516 0.027** 527 0.005* 213 0.006** 232 0.011*** 623 0.011*** 64 0006*** 363 0.006*** 37
'[iig;a]"ce to the nearest road link (center line) ¢ ggus 511 Q187 487 0000 009 -0001  -039-0013** -11.09 -0014** -1173 -0017** -1474 0.018** -1546
Distance to  the nearest highway o6y 337 _0063* -235-0070%* -286-0070** -288 -0055* -251 -0056**  -259-0054*  -25 -0055** -2.54
intersection/junction from rail station [Log] . . : . : i i : : . : . : Sl .
?gt‘if)':‘cen_;; the nearest: airport frem mil 138 0057 137 0052 142 0051 139 0011 034 0011 033/ 0008 025 0.008 024

g Distance to the nearest inter-city bus terminal _ negu 558 00gg** -259-0.093** -207 -0093** -298 -0106** -376-0106* -378 -0109"* -391 0109 -393

= from rail station [Log]

o — —

5, Eﬁ;"ce to the nearest CBD from rail station 011 95 0011 -097-0011 0960010  -093-0012  -123-0012  -11§-0012  -123 0011  -115
Rail Transfer Station (=Yes) -0105* -193 -0158*** -289-0095* -193 -0114** -232-0096** -215-0110~ -248 -0097~ 22 0111 -252
Interaction between' non-residential  building 0106+ 941 0,048+ 82 0040** 892 0038** 892
use and transfer station

Constant 17787 307 17137 29 1977 364 1789 338 2416 517 2791 486 2479°* 537 2356°* 505
Std. dev. of between-level residuals (/') 0.3597* 03507+ 03347 0334+ 0303 0.303 0,299 0.299*

z Std. dev. of within-level residuals (/#) 0.599*** 0.599**+* 0.592*** 0.592*** 0;581%* 0.581** 0.578*** 0.578***

8 Intra-class corelation (ICC, /)=ﬁ) 0.264*** 0.265*** 0.242%** 0.242%*+ 0.2]3%*= 0.214** 0.211** 0212+

(]

. No_ Observations 84477 84477 303916 303916 546275 546275 596724 596724

£ Tog likelihood(null) 78256.1 782561 275135 275135 483211 483211 2524179 524179

2 Tog Likelihood(model) 771211 -77073 272527 ~272404 479578 479311 520386 520018

2 af 13 5 13 5 13 5 13 15

8 A 1542681 1541759 545080.7 5448373 9591824 9586523 1040797 1040067
BIC 1543896 1543161 5457188 544996 9503281 9588204 1040944 1040236

Note: ** p<0.01, ** p<005, * p<0.1
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