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An Empirical Study on the Correlation between TOD
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ABSTRACT

Public transportation ridership and walkability of urban district can be enhanced
through high quality of TOD(Transit Oriented Development) elements. Generally, TOD
have been evaluated several physical components such as the diversity of land use
pattern, accessibility of public transportation and aspects of urban design around the
station area. Especially, Spatial characteristics of TOD planning elements have many
potential dependent when considering the characteristics of Rail Station—Influenced
Area Development which is performing around subway station. Therefore, researchers
should be considering the variation of spatial properties for planning elements
according the set of spatial area and their socioeconomic factors. However, existing
many cases related TOD does not consider about this point. In this paper, the changes
of TOD characteristics were analyzed by different spatial units surrounding subway
station in Busan Metropolitan City. Multiple Regression Analysis was performed for an
investigation of effective spatial unit of TOD planning elements in this area using
subway ridership data. In addition, the application validity of socioeconomic variables
was examined through a comparative analysis of regression results with the multiple
regression that implied only physical TOD elements. As the result, the variation of
spatial properties for TOD planning elements according to the set of spatial unit was
found. Furthermore, the specific spatial unit to applicable TOD elements in this area
was derived. And the multiple regression model which added socioeconomic variables
was derived more improved estimate results than the multiple regression model that
implied only physical TOD elements.

KEYWORDS : Transit Oriented Development(TOD), TOD Planning Elements, Spatial
Characteristics, Subway Ridership
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Indicator

Definition

Reference

Land use mix

Diversity of land Use Purpose in buffer zone

Frank et al., 2005

Street connectivity

Mean of street connectivity components

Tresidder, 2005

Transportation accessibility

Density of other transportation station

Oh and Jeong, 2013

Residential density

Density of residential building

Retail density

Density of residential area

Kang, 2013

Population density

Population density of buffer zone

Cardozo ef al., 2012

Employment Grid based employment(100m X 100m)
Land price Mean land price of buffer zone
Income Mean estimated income of buffer zone
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TABLE 2. Calculation and code name of TOD elements

Indicator(code name) Equation Code name
k
Y1) x(inp,)
Land use mix _lT LUMZ
p; * Ratioof Fach Land Useper Buffer Unit
k : Nmberof Land Use Pattern
Street Connectivity
Street connectivity = [(Intersection Density) + (Node Link Ratio) + STCZ
(Average Block Length) + (Street Density)]/4
Transportation accessibility Density of other transportation station DEN_BUSZ
Residential density Sum of floor area of retail/ area REDENZ
Retail density Sum of floor area of retail/area CMDZ
Population density Total population of area/area POPZ
Employment Total employment of area EMP
Land price Mean land price of area MLPZ
Income Mean estimated income of buffer zone MCIZ
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TABLE 3. Box plot of Z—score
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TABLE 4. Pearson’ s correlation coefficient of TOD elements

200LUMZ

200DEN_BUSZ 200STC 200REDENZ 200CMDZ 200POPZ 200_EMP 200_MLPZ 200_MCIZ

200LUMZ 1
200DEN_BUSZ  .336* 1
200STC 1
200REDENZ
200CMDZ
200POPZ
200_EMP
200_MLPZ
200_MCIZ

—.263*

.815%x 1

400LUMZ 1
400DEN_BUSZ 1
400STC —.563** . 1

400REDENZ ~ .509%* —.323*
400CMDZ
400POPZ
400_EMP
400_MLPZ
400_MCIZ

—.508x* —.318%

.269*

1

—.412%x 1
—.350* .899%x 1

600LUMZ 1
600DEN_BUSZ 1
600STC —.571%x 392+ % 1
G00REDENZ ~ .394x=
600CMDZ —.261*

600POPZ

600_EMP
600_MLPZ
600_MCIZ

—.297%
—.379%

314
387 %+

.308x

—.310« 1
.883xx 1
—.324* 1

800LUMZ 1
B00DEN_BUSZ 1
800STC —.544%x .368+* 1
800REDENZ
800CMDZ
800POPZ
800_EMP
800_MLPZ
800_MCIZ

291
A5

.294%

1
—.270* 1
379x* 1
392x% 870 1
—.397*x 1

* p<0.1 / #* p<0.05 / #+* p<0.0
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TABLE 5. Multiple regression analysis result summary transit ridership(model 1)

MODELT1 200 m Buffer zone 400 m Buffer zone 600 m Buffer zone 800 m Buffer zone
Coef. t Coef. t Coef. t Coef. t

LUMZ 0.063 0.377 0.014 0.092 —-0.029 —-0.156 -0.167 —0.949

DEN_BUSZ 0.312 1.883 * 0.702 5.650 **x* 0.431 2.557 ** 0.521 3.310 **

STC 0.066 0.178 —-0.544 —1.587 -0.315 -0.641 —-0.524 -1.124

REDENZ -0.154 —-0.942 —-0.031 —-0.227 0.017 0.109 0.141 0.947

CMDZ —-0.202 -1.235 —-0.144 —-1.208 —0.246 —-1.567 -0.103 —-0.703
R2 0.167 0.526 0.285 0.272
adj. R2 0.048 0.459 0.183 0.168
F 1.407 1.777*x 2.790 2.614
AIC 119.832 96.707 113.588 114.330

* p<0.1 / #* p<0.05 / #** p<0.01
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TABLE 6. Multiple regression analysis result summary transit ridership(model 2)
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MODEL2 200 m Buffer zone 400 m Buffer zone 600 m Buffer zone 800 m Buffer zone
Coef. t Coef. t Coef. t Coef. t
LUMZ 0.104 0.654 0.001 0.009 -0.168 -0.741 -0.316 —1.655
DEN_BUSZ 0.236 1.423 0.622 4.394 xxx 0.409 2.300 ** 0.487  2.917 »*x*
STC -0.008 —-0.024 -0.800 —2.295 *»x  —1.045 —1.646 1211 —2.149 *=
REDENZ —0.049 —-0.322 —-0.004 —-0.027 0.001 0.007 0.150 1.029
CMDZ -0.073 —-0.470 0.026 0.204 —0.244 —1.495 -0.078 —-0.520
POPZ -0.190 —1.259 -0.073 —-0.520 -0.283 -1.743 + -0.213 —-1.358
EMP 0.319 1.295 0.121 0.423 0.398 0.960 0.583 1.551
MLPZ 0.149 0.598 0.252 0.928 -0.071 -0.188 —-0.206 —-0.582
MCIZ 0.195 1.294 0.112 0.911 0.048 0.315 0.026 0.172
R2 0.399 0.635 0.394 0.401
adj. R2 0.225 0.513 0.218 0.227
F 2.291 5.216%* 2.241 2.307
AIC 114.433 96.536 114.792 116.806

* p<0.1 / *x p<0.05 / **= p<0.01



FAA A TODHE 8 Ao] TSI AePE o4 $of el o HEiy / HEY MSE 157

Wl TODARA®S Aoa Fzo] Aol ZiAte] 2
vEHE Qe SIE. w3 7 TEs)
WE foe A= WMo AReATE Aol

]

S mEES ©l% B B

)
ete
]
X
o
2

w2 MAUPQ Scale EffectE &1sk 4= A3

o olF sdstr] s HE WHow It REFERENCES

HeE 5912 o3y 23S ALtk

Tok 7|E 9 HE & 489 AsAEAA A Cardozo, O.D., J.C. Gracia—Palomares, and
T 284S Fetsir] Y8l A7) 18, AT J.  Gutierrez. 2012. Application of
25 gt HEE FUlsle] 1Al te] geographically weighted regression to
7 2YS FRsoh =84 a4avks uHsh the direct forecasting of transit
233 AFAAR QAE FUIHoR A g3 ridership at station—level.  Applied
Ul B wudES FHssa, ol Geography 34:548—558.

Cho, K.IM. and Y.T. Cho. 2011. Analysis
of planning factors for transit—oriented
development. Journal of the Korean
Urban Management Association 24(3):

2~ @/\1 T,b_l_x A 7};*7;6‘_
moﬂ R gs e T e e 307-325 (3%, 2JH. 2011. Fas
A9e mEI v FEAY BF - o
o e e AR EANLE A% AR es B @
A gee B w9 Agel weh WA - : AR -
o e g A EAAASE 24(3):307-335).
Q& MAUPS S|4 Wt 5 sz 8838 &
Q= Mt wkAdolgt wkdnh EA4, ALeAA Choi, H,S., T.H. Kim and JH. Lee.
2 M2 ALst ARy A 283 2013. A study on the classification of
o2me 7H3 RIRT fAE =AZARES the spatial characteristics by TOD
L2590 o= TODAE A9 #&td o]& planning elements of subway station
2} k] ABA e B3I BA A EgE TA areas in Seoul. Journal of the Korean
37 o]9Je AF3] AAAR Wl HNLo] ZA Association of Geographic Information
Al g9 T 5 9ss lEh 2 Studies 16(2):1-15 (H3A, 7|85, °]
do] So] oAl FWel Eaz @7 st T%. 2013. M&A Askd AAEe] TOD
WA HBrlel 12 Ea gyAel LAk Aderd #3144 54 &7 d=xdn
F9Ao] ¥zE 1 gty TODE olg3t 71% 8384 16(2):1-15).
oAf Wi T3 dAS s EAMAF 7IMS Chung, K.S., SW. Kim and Y.W. Lee.
2 A4 7HA] B Adsskal slvk vk 2012. A comparative study on the

= goodness of fit in spatial econometric
= models using housing transaction prices
A of Busan, Korea. Journal of the Korean
Association of Geographic Information

TODATE A3 T3 JRE refshe o Studies 15(1):43-51 (a4, 2435, ©]
= W skegel Atk & s olefdt v g, 2012, FA0A) AAW Feulvl 7}2A&
of gt wAlE AFA R tRiivths HelA olgst Tt A wEO AHown|wolT



158 An Empirical Study on the Correlation between TOD Planning Elements and Subway Ridership in Busan Metropolitan City

St 2| A K 8rs]«] 15(1):43-51).

Ewing, R. and R. Cervero. 2001. Travel
and the built environment: a synthesis.
Transportation Research Record: Journal
of the Transportation Research Board

1780(1):87—114.

Fotheringham, A.S. and D.W.S. Wong.
1991. The modifiable areal unit problem
in  multivariate  statistical  analysis.

Environment and Planning A 23(7):

1025—-1044.

Frank, L.D., L.S. Thomas, F.S. Jameson
and C.MS. 2005.  Linking
objectively measured physical activity

James.

with objectively measured urban form:
findings from SMARTRAQ. American
Journal of Preventive Medicine 28(2):
117-125.

Hayati S.H., T.P. Soemardi, R. Koestoer
and S. Moersidik. 2014. The role of
transit

oriented development n

constructing urban environment
sustainability, the case of Jabodetabek,
Indonesia. Procedia Environmental

Sciences 20:622—631.

Houston, D. 2014. Implications of the
modifiable areal unit problem for
assessing built environment correlates
physical

of moderate and vigorous

activity. Applied Geography 40—47.

Joo, Y.J., E.J. Ha and C.M. Jun. 2012. An

empirical evaluation scheme for
pedestrian environment by integrated
approach to TOD planning elements.
Journal of Korea Spatial Information
Society 20(3):15—-25 (&3, g%, A
Awl. 2012, TOD Alg a4 94 A
= &% AR A2 Frh ek d=Eit

A R332 20(3):15-25).

Kang, C.D. 2013. Measuring walkability
index and its policy implications in
Seoul, Korea. Seoul Studies 14(4):1—
25 (AFY. 2012, A&Al B3 Ao A
T ST ZFAA. AEE=AIAT 144):
1-25).

Lim, S.J., J.T. Park and T.H. Kim. 2013.
Comparative study on the characteristics
of public transport users according to
the types of transit station influence
areas in Seoul’ s urban railway’ s.
Journal of the Korean Society for
Railway 16(2):129—137 (Q@4H71, vl=el,
A, 2013, Al EAALE S5oiAd
34 dsueel&a 54 nludy d=
Axes =54 16(2):129-137).

Loo, B.PY. C. Chen and E.T.H. Chan.
2010. Rail—based
development: lessons from New York

transit—oriented

City and Hong Kong. Landscape Urban
Planning 97:202—212.

Oh, E.Y. and B.H. Jeong. 2013. A study
on the impact of TOD planning factors
on public transit demand: the case of
subway station areas in Gwangju
metropolitan city. Journal of the Korean
Urban Management Association 26(4):
219-239 (224, 4&d. 2013. Al
A TODAE 247 tgagsadl vA|
A FFFAAN =AAEAAEE T4
2. ZAYAstR 26(4):219-239).

Shin, Y.H. and JH. Lee. 2012. An
empirical analysis of influencing factors

L
—\:_
o

and classifying of TOD  planning
elements affecting demand of the Seoul
subway. Design Convergence Study
11(3):125-143 (A5, ©]Fd. A&
At & Wl 9FE VA= dFis



o el wet AT / HENY - MEE 159

AFY WEH(TOD) AP e 333t

UAZEA OAAEERAT  110):
125—143).

Sim, J.S., HY. Kim, KZW. Nam and S.H.
Lee. 2013. Analysis of the characteristics
of subway influence areas using a

weighted regression

Journal of the

geographically
model. Korean
Association of Geographic Information
Studles 16(1):67-79 (H+A, A8, ¢

oldZ, 2013. ATEI AR o]
%ﬂ AU TR 54 B @RAY

AR3FE A 16(1):67-79).

Sung, H.G., J.H. Park and D.J. Kim. 2007.
Impact analyses of

}OI

mEL

9_
=

transit—oriented

development and revising current
transportation and urban planning laws
for its application in Korea. The Korea
Transport Institute (482, ¥4, 75

=, 2007. s AEE TAEe] av

24 9 Ry AUl SR aETe
AF-EA1 2007-03).

Sung, H., K. Choi, S. Lee and S.H. Cheon.
2014. Exploring the impacts of land use
by service coverage and station—level
accessibility on rail transit ridership.
Journal of Transport Geography 36:
134—140.

Tresidder, M. 2005. Using GIS to
Measure Connectivity: An Exploration of
Issues. Portland State University.

Villanueva, K., M. Knuiman, B.G—C.
Nathan, H. Christian, S. Foster and F.
Bull. 2014. The impact of neighborhood
walkability on walking: does it differ
across adult life stage and does

neighborhood  buffer  size

Health, Place 25:43—46.

matter?.

:




