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A Study on the Effect of Walking Environment (Characteristics) on
Apartment Housing Rental Prices using Multi-Level Model

ABSTRACT

We examine 554 state basic districts and 1832 householders in Busan metropolitan city to see whether the physical and walkable
characteristics of housing influence apartment housing prices. We use two-level models modeling for a more accurate analysis.
‘Walkable characteristics in level 2 state basic districts potentially explain 77% of the variation in housing values, with the highest impact
on crime safety characteristics. Overall, our spatial multi-level analysis based on new state basic districts in Korea explained price
variation better than previous studies, which considered each householder. The results provide policy opportunities for planners and
citizen groups to pursue strategies that encourage the development of walkable and sustainable neighborhoods.

Key words : Walkability, Multi-level analysis, State basic districts, Walking environment, Jeonse price

re
-1
e
of
i
12

kg A] 55470 %7}7lx?°ﬂﬂr 18324 o] AEAFEE T do.=, 7o) 15 TR SA3) B854 &

71 A= Gl theto] £33tk 78 A 4%7}7&?“4 T B3 58S Hhge 2 Beh e e el B4

, multi-level models & ©]-8-3}3t}. ¥4 A7}, Level 29] 77 29 B RSE AL AR Bake] oF 77%E JA A o 7 Ao

2L % WIS O 7 e B WA 20 2 el o2 oldeiTol] o) chAE AR A BETA Mﬂau}, &
St AEA ARE o712l T F 2] T xd_ﬂw o2 oJn]7} QIth= AL ojujgit). o] A7 AT @ FAE ate] F

o ol

r o

48 o e b
:.°L_‘,_|§“=
N
N
b
2

P

7HAE skl P 0 2 FA1E = Qs BAZIsHAR] A A B e Ao 7]of% 5 9l& Alole Az
M0 - B8k, TR, w7 2T, B RIS, FE Ak
LMNE

APER} §Fe] Eol mAEE Qlsle] 2= 3K} Rt ZofEo] oI 2e 7S] o] Fleki gk FAlelck RainARel
A7dedokzAtel] wEw, L5 308 o) AV|E F 5Y o AHTE Alghe] 20054 60.7%14] 2015\ 41.2%=% =7 7HAEIaL

N

=4l
[WEBIEE 31.3%004 332%2 sfinfcl 22X vk dht) m=3k u)= gade] TR B8RS 196904 2001 ARo] 40.7%0114]

12.9%2 732813t o] AAEE Taxe) H|vhe }(LaFontalne 2008)% ol7|slaL). o= A7) Eo] A% AAEEy)
AA#Eo] gtk AS BolFEa glom(Lee et al., 2008), Z7]o] thek ARISe] A sl F=ala gtk eElste] Bazlske el
TAE WRET] 913 W] AAAGIE] vk el FXIHAL Qlom, S5telA] I ARk HA; meuial Al FAlolth Bage]

* BAeal =AY} viAl4=R (Pusan National University - minjay.seo@gmail.com)
** 23] - wAIAA) - P,J‘PEHULE =138k w4 (Corresponding Author - Pusan National University - yeolchoi@pusan.ac.kr)

Received August 8, 2017/ revised August 30, 2017/ accepted August 31, 2017

J

Copyright © 2017 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




S B3 A71Ee SR AFsak 8. oA Sk oue}
LAY AAS W= S8 H8ks a1 wjie)] ALyl s
skl 7deE =AE vRET] SsiA HSHo R FxlEolok &
A2} FHETHChoi et al., 2016).

olx¥ RP 5 mHo| HIAo] T A Ho] A FH

TIAFE Aolelld] & Q715 Ear itk dlgars 5= o vopt
AP0 Sh7hA|e] mHAdTo] Ut A|He FE s o}

2o o] o] wolck oleld olfz napsEe}
71Ae] FIIAE AR TRIRE B¢ iEo] XedEo], Xe)
FsteE= FeA o= 2853l 9o H(Cortright, 2009; Pivo
and Fisher, 2011), FE{7}A%R opuje} Y=o} A7 de)7kA =
AR RS = Zlo= veptt(Boyle et al, 2013). SR
20154 A& =AY AFaAtl] mEd, weardt e
Foldl whHo| FARA|9] HYPNIREE ot A&AT4,
2016). o)== =uie] BaFIst mANRE7] AgHo] =qlR]o] thiEd]
1 Abelt )55k Btoltk. AWlo] g Lol BT
U= BPHSIAQ] FAR ] gk =i} RIS tha 5%
Aotk

71&0] thRE Aqtelld FErAL FEle] =17), SigH(Evans,
1973; Richardson et al., 1974; Archer et al., 1996), 41x]o]
P32 Tl A9 Sol EulE 50l dFks et
SHT(Can, 1992). SRR AlE e Fele) Bl a2 9 Al
A 84 HUks o v Aol HIAE 9B Y s
tl 2128 oA} Akl K Graves and Linneman, 1979).
webx] o U el HI3S AlEsl] flste], AkslA B,
HERMY, 2753 5o TRl RS wAe Baziske alat
FEHA e Bk L Fasirh Teht B tigk ANlEe
Fooh T B s Ao delw Bk, o Bzl
318 FARel| Tt =] e B &9 ¢ A 59
Z7|eA vEe St

SeA el A718ES SXN7IE TR Baziske

i

5ol 3 =

we} oJeRg WA, Aol Bkl WP Be daks wisth

FEFUAS B 2Ug A4 o, F55Y Bl o
] 3L

AASES itk BA0 T Qe Ao 3

TR FErE Gl FE)
Aol ek o] GHRES Felo] YRIBIAL = A|S SR
A 548 7 Ao R JPgsisTh ol RE 548
vl fEo 2 7Rkl A1 AR T tie 2]

N
i)
T
)
ilg
of
i
)
o

906 Journal of the Korean Society of Civil Engineers

ﬁ
N
)
)
)
N
N
)
=2
=)
R
rr
of
o

e :
W7V Fephae] TRA B4 8 vdths ¥ 5
QIck Wb Fael BelA SAuesh 498 SANTE

329 B4 TeiT T BYNSEA 42057 3]
T EA4o] FEFU I Arht L vIHEA ek

HP3Is1a] S4o] 5740l nlaks #4912 53l 3l 491
E 7F] IAE TrEetaA)l sk BAubHo 2= t] Ak 3%t
U 495 95, tiEA(Multi-level Analysis)S- o]-8-3}
of R o PTE Fjo] P RAIH Ty ol

gt % gl 7124 Asg AT
2. FIDIEFS K HYTION-0f U S

2.1 WP |=FAH

Sk S 9 AP Sl ke sk An
59 sk AR AL B ek, Agske 0
W 7 ARSE BESPIO 2 ofeigol Uk wEp Ze
whole) F7HY V)RTelE Bk ol BN AT LY
w2 A3 P97} JriKang and Kang, 2013). oS $J3)
Bl B IET RS T ol Beshs AE w3
3}t Ministry of the Interior and Safety, 2013). o}2] A =%
o] 27| HAol7] whzel, =ie] 71T Fevtd ¥ de
slopy] ShETh wepy B s Fele] Bejd 54, Ras)
54, Fepte] WA pARe) FETAS ghdo
ek

Bl lEree 71Ee) PYRHE Bk sk o 52
Zolt, AN} A& F7le] Ha IS B A=
i TeEgFE) A8Ze]3). o= A9 I1E Xl Ha
TANE A, O O9lR I SARKES AlSshe 39t
Bk v=e] 79wl S1%(United States Census Bureau)of|4]
10@wjc} B ER= A 23 A SET] HATETHe]
%l EZo| ANZEHARE AR R AFAES Yshs &
71Qe] TR APYto] TFshe) Begk Aok Abete] wks,
2, TA) Felre] Fo] ARE BlocksS B33 T2 F51
ohekgh A Am IF ARS8l Skl JltKFrada
and Clyde, 2008).

2.2 HSHRISIE
B8 A (walkability) 2 271252 913 Fto] P} 2



SHQIAIE YERE Aoltk H v, Al 55 Selkle
199] RYPFISIEE SA3IAL PYARIE & Bl ARIEA
1998 BPRISIAEE Ak AH|27t AAVAL =), it
22l Bz R dejdulolel 7&-& tPo R A|oe] B
PRSI E W} FesA] Zgsk7] 9l 7EE Walkshed}
Jesse Kocher$} Matt Lerner7} 7i2+s+ WalkScore, SIH Aol
7Wks WalkscopeZ} $ltk

Shelton (2008):= RIS R|&7 13k TA] AA 0 3loix
Z93 fdolela BH9ick Rattan et al. (012 2SS thalgh
T e olTFRI BT AHAE o] §3te] EARRA] o5
o tof 2o AP drpt EAERIAE S8k 213 A=
I 35k ofEgh o & WSE HIESH M) ATES &)
o]FolA|aL glrk

Tt M) TS T A0 $8F] B3 B et
719k 3k A0S ofsid Fart Jtk B2 ITAEE el
A F Beggbgo] gt A8t ofnle ole} Eikis] vl=r] uiii),
HRIslEe] A9t o] 7t ATE IR A83plelE

7} AAs Ao,

p

N

6)o o
I ==1

2.3 2oy 32

Begkdy) g d7e FE7 9L e okl
Seoul Development Institute (1998)2 A1x} A}&-A] BP3HA
712AIEe] 1S Qs k2 B3sE A EE ANSISITE Korea
Land Housing Corporation (2002)= 3373 7A&E H7XES
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Cervero et al. (1997), Srinivasan (2002)= XA|9] tjokst
EZQ AHEAE DF A7&Fe] B 4L stk
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37 HrIRES I8 Gallimore et al. (2011)= Day
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of physical environment features linked to physical activity2]
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Table 1. Walkability Checklist in Residential Zones*

Rank Variables Variable explanation

Five point Likert scale

1 letion of si 1k
Completion of sidewalks (1=not at all, 5=very much)

Five point Likert scale

2 Urban design (1=poor, 5=very wonderful)
. Five point Likert scale

3 Straight streets (1=not at all, 5=very much)

4 Looking right and left Five point Likert scale

before crossing streets (1=never, 5=almost always)

Five point Likert scale

> Plaza or square (1=poor, 5=very wonderful)

Monuments identifying
the neighborhood

Five point Likert scale
(1=not at all, 5=very much)

Five point Likert scale

7 Windows with bars (1=not at all, 5=very much)

Five point Likert scale

8 Playing or sports field (1=poor, S=very wonderful)

Looking at cars before Five point Likert scale

9 .
crossing at crosswalks (1=never, 5=almost always)
Bars, night clubs, pawn Five point Likert scale
10
shops, adult uses (1=very much, 5=not at all)
1 Landscape Five point Likert scale

(1=poor, 5=very wonderful)

*Walkability analysis of Busan’s urban residential zones (Choi et al.,
2016)
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Table 2. Summary of Dependent and Independent Variables

1= ZEl

e A nlxs g%

& s 20161 999 kg FeTE AUAA kS
71E0 = 18327) A, 5547 F7 1T de the g F4
Stk ST AL SEaER AL SIS o8-
BHAaL, A% A 819 BRIska e SEWEY- TET e
ePgEAIzE], drpiE] BePdRES| A AE, Bt 14, d
2 5E FHete] 9 ARR TSl

32 W4 U xjRo| TN
20 S TS 918 ANEE W] T TR

Table 29} Wtk F4ui5e FEFAIAS] A Aol
FEAER AN T RIS TR R TEY
op, FeplAe) §UL 9ls) FathE) v} 20164
9% 48%(FAAN ] AAAALE uteh ABst] AH
& RAPHAe R Mgksle] TEssh SusE Fue) Bed
S RSl B0 AR

PVES] FEFY VAT R AT U9 TNARS

Variables

Name (unit)

PRICE

Jeonse prices per 3.3m’ (10,000KRW)

Level 1 —Householders (n = 1832)

numb

Number of householders

floo

Number of floors

area

Exclusive use area (m?)

corr

Corridor design (Short-corridor* = 1, Else = 0)

awar

Construction company ranking (Top100 = 1, Else = 0)

Physical characteristics -
rati

Floor area ratio (%)

year

Age of buildings (Built year-2016)

dire

House facing direction (South = 1, Else = 0)

view

View (Possible = 1, Impossible = 0)

carn

Number of cars allowed per household

Level 2 =State basic Districts (n = 554)

PLEI Completion of sidewalks (1=not at all, 5=very much)
PLE2 Urban design (1=poor, 5=very wonderful)
PLE3 Straight streets (1=not at all, 5=very much)
Pleasurability PLE4 Plaza or square (1=poor, 5=very wonderful)
PLES Monuments identifying the neighborhood (1=not at all, 5=very much)
Walkable
LE6 Playi field (1= 5= rful
characteristics P aying or sports field (1=poor, 5=very wonderful)
PLE7 Landscape (1=poor, 5=very wonderful)
TRAI Looking right and left before crossing streets (1=never, 5=almost always)
Traffic safety - -
TRA2  |Looking at cars before crossing at crosswalks (1=never, 5=almost always)
) CRII Windows with bars (1=not at all, 5=very much)
Crime safety -
CRI2 Bars, night clubs, pawn shops, adult uses (1=very much, 5=not at all)
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=], A9eHEe] A4S A8 ek A TpEFTEe] 54
= B83F Ayoltt: oA MR v Aol S AET
Ye] Afss TFAQ FEZ HGAAN B W] e
o 44 AR 258 WAtk & 5 9ltk o) Aue)
TRl A7 ISR vlole] 2ol ofe] 714 A7} Alich
(Cronbach, 1963; Heyns, 1986; Raudenbush and Bryk, 1986).

ellich A|efazes] wele] A1 o] W o] FU L
H)cke S F1Re T SuEe] BEghe AEs
of Aefze] widlo B Aofre] wiE wE AP
oshE] BUSH B A AR SIF

TIefsle] B Aok Aue] thEAe) A4S welsiel 14
BEE FE517) Yell, SAS 9.45 g3d)o]
o1g3lo] Fjaleich mule] HAh FRAL mA) i HHE
Q1 5 9ol A HAThHEFHS A8 ShrkHox, 1998).

£ ArllA 28] He2 A (Multi-level Analysis) S ©]-8-3F
A4S 9l SeisE =) 28] Az el TEsrk
Level 191 /PEAch= Ak} o) Fol4l fgF-ale] 2152
STk Atk B4 A8, BEfY, USRI
=91 1009), 845, AT, F 28, AHEFAFHChoi et
al., 2003)°.2 TAIS}eT 7K Aol A18E el
AN BB, Fei 5 Tt FEs o] gAY AR}
2 olgshe e Sl Hole) o] ofele v B T SgEe
A7} 2x] Lol A2 A)F k. Walkability analysis of Busan’s
urban residential zones (Choi et al., 2016)2] B3RSl H)=7]
2Ex= 2] Walkability checklist® Egsle] $-2jue} 714
o = BIPRBIE AFESE =3 HSJE 18l8ke] Level 291
77127 W9l RIS R, AA1E A
A s, Ao g ApdA e, sgale 2 g v, 9%
B3 857 viiEs, AR A viEs, =25 97] A
295 2 A vl i ol ARsAkE vkl
o] Qe 18, AE-FEAAE(Choai et al, 2016)Z TAISH
o} 4o AR ZPEAIE T 1,8327) o =7br )T
ol Apg= 554700tk o) dellA Rl tigh V]2 E AR
Table 30l AAH] Sk SHHSF F Level 19] Alg= TTEws
i SETEHg EAIRE, A FEiP s AlE, B
FhHI14 5& Foel] B RS FESI9TE Level 29] A5
Choi et al. (2016)2] HPZIshe AT~ EL] 7ol we} gz
ARE Fke] 5Btk

Table 3. Descriptive Statistics of Variables

Variable Mean STD Min Max
PRICE 84292 | 286.01 | 324.11 | 207237
Numb| 1048.07 | 105720 | 15.00 | 7374.00
Floo 10.11 6.67 1.00 57.00
Area |  70.68 2582 | 1672 | 210.17
Corr 0.65 0.48 0.00 1.00
Physical | Awar 0.56 0.50 0.00 1.00
characteristics | Rati | 350.85 | 240.67 | 87.00 | 1465.00
Year | 1542 10.06 0.00 | 40.00
Dire 0.40 0.49 0.00 1.00
View 0.24 0.43 0.00 1.00
Carn 0.97 0.42 0.00 3.32
PLE1| 2.4092 | 0.8865 1.00 5.00
PLE2| 23245 | 0.8339 1.00 5.00
PLE3 | 2.4064 | 0.8794 1.00 5.00
PLE4| 24013 | 0.8835 1.00 5.00
PLES| 24018 | 0.8676 1.00 5.00
Chg:cl:‘eﬂzcs PLE6| 23887 | 0.8915 | 1.00 5.00
PLE7| 23315 | 0.8246 1.00 5.00
TRAI| 23357 | 0.8333 1.00 5.00
TRA2| 23212 | 0.8134 1.00 5.00
CRI1 | 23110 | 0.8105 1.00 5.00
CRI2 | 23245 | 0.8169 1.00 5.00
3.3 2Mg ol5t oY 71y

kst el e A-Ee] S B Sl STkl B
A(complexity)g E3A 0 24 o] 71x] melS Asslgith
RBE Bl #ZX] 71| s oS AWl $18) A
£ doHo 2 Bk A A 2d(Model DollM= =7P7]1%
T FFFE AN 23RO 917] wiiEell A HoleA
TP 1ETHe] ARERE BlES R ¢ Uk 7 AR et
Aol m|zf= TPEATEE/3e] ko] 7P lET-uict HEA|
A47] $I3l, WA Model 204 7EAgFEle] A& G54
ARHF(AR, S A8, Eefd, AEshRIAE, 5
E A58 B 0 AT ARhHE 8o s Bkl
Model 30l|4] 7REAthFE] A& TA5EA AEHTE 912)82]
S = It v, A et 57T 5
d& SARPEA Hagzlsld B ofdks #Ask] s, =7
Z790] MR YRISIEAR] HEmaEs, [A1d A2 v,
AAH 2 2dA e, £3AE 2 3 wjEs, 2SR,
57 MiEE, AR A s, E2E Y] del| 29-E
Zh Al ), SeiR T o8] AFEAEE 2 Akl W)
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SFAIAURT Qo] T Agket BEkRIA] Bl §, RS SFAIA
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42] Model 2¢] VeRIT] AICS’Jr BICE 23798.45} 2385042
YER} Model 1 Bt} gk gk 71Aw, o] Hgst 2do)glar

3t 5 9ok =oE 7ﬂﬂﬂxﬂrﬂ .7%4 HFEELS 95% FrolrFoll A
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Table 4. Estimates from Two-level Models Predicting House Rental Fees (N = 1832)

| Model 1 \ Model 2 \ Model 3 | Model 4
Fixed Effects

Intercept 839.58*** (13.45) 1077.06*** (36.53) 1119.19%+** (41.16) 330.59%* (25.93)
numb 0.04** (0.01) 0.04** (0.01) 0.02205* (0.01)
floo -0.04 (0.91) 0.11 (0.69) 1.0549 0.72)
area Q73R (0.20) 255Kk (0.16) -0.9823*** (0.16)
corr 45.53** (15.09) 35.34 (19.17) 124541 (9.55)
awar 77.26%** (14.14) 92.78*** (22.72) 29.074%** (9.50)
rati 0.19%** (0.04) 0.16%** (0.04) 0.08671*** (0.02)
year -13.85%** (0.88) -14.75%+* (1.01) -4.7137%%* (0.55)
dire 3.90 (13.89) 523 (14.84) -5.3264 (8.96)
view 29.94* (13.49) 22.28 (14.41) -3.8222 (11.39)
carn 7.09 (16.87) -27.36 (15.87) -5.8596 (12.19)
PLEI 35.1172%** (5.09)
PLE2 23.7379%** (5.10)
PLE3 28.769%** 4.97)
PLE4 14.6696** (5.06)
PLES 33.5128*** (5.09)
PLE6 20.5367*** (5.00)
PLE7 19.2726%*** (4.99)
TRAI 23.7189%** (4.99)
TRA2 16.5207** (5.01)
CRIl 24.4704%*+* (4.98)
CRI2 20.237%%* (5.20)

#p<.05 **p<.01 **+*p<.001; ICC=.77
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Table 4. Estimates from Two-level Models Predicting House Rental Fees (N = 1832) (Continued)

| Model | \ Model 2 \ Model 3 | Model 4
Error Variance
Level-1 19580%** (733.24) 15026%** (564.08) 6873.41%** (341.10) 10375%%** (454.87)
Level-2 intercept | 66622%** (5162.47) 40484 *** (3238.96) 81067 (0.00) 5978.61%** (1446.31)
numb 0 (0.00) 0 (0.00)
floo 0 (2.31) 0 (8.98)
area 0 (0.03) 0.02519 (0.09)
corr 7516.29** (2968.09) 0 (1178.39)
awar 26178*** (5376.88) 0 (903.14)
rati 0.01 (0.01) 0 (0.00)
year 0 (6.32) 0 (1.74)
dire 0 (674.43) 891.99 (1067.16)
view 11746%** (2185.67) 1939.21 (1771.22)
carn 0 (367.29) 0 (317.48)
Model Fit
AIC 24348.4 23798.4 23986.4 22210.6
BIC 24360.4 23850.4 24010.4 22230.6
*p<.05 **p<.01 ***p<.001; ICC=.77
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