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Development of Estimation Models for Parking Units
-Focused on Gwangju Metropolitan City Condominium Apartments-

ABSTRACT

The rapid expansion of cities led to the shortage of housing in urban areas. The government compensated for this shortage through large
scale residential developments that increased the housing supply. The supply of condominium apartments remains above 83% of the
entire housing supply, and the proportion of apartments are at a steady increase, at about 50%. Due to the increase, illegally parked cars
resulting from the shortage of parking spaces within the apartment complex have become increasingly problematic as they block the
transit of emergency vehicles, and heighten the tension among neighboring residents in obtaining a parking space. Especially, the future
residents are considered to plan the parking based on the estimated demand for parking. However, the parking unit method utilized to
estimate the parking demand accounts for the exclusive use of space, which is believed to be far from the parking demands in reality.
The reason for this discrepancy is that, as the number of households decrease, and area of exclusive space is expanded, the planned
parking increases. On the other hand, when the number of households increase, and the area of exclusive space is reduced, the planned
parking decreases, thus methods to recalculate the parking units based on estimated parking demand is an urgent concern. To estimate
the parking units based on condominium apartments, this study first examined the existing research literature, and appointed the field
of investigation to collect the necessary data. In addition, field study data and surveys collected and analyzed, in order to identify the
problems underlying parking units, and problems regarding the current traffic impact assessment parking unit calculation method were
deduced. Through identifying the influential factors on parking demand estimates, and performing a factorial analysis based on the
collected data, the variables were selected in relation to the parking demand estimates, to develop the parking unit estimate model.
Finally, through comparing and verifying the existing traffic impact assessment parking unit estimate against the newly developed
model using collected data, a far more realistic parking unite estimate was suggested, reflecting the characteristics of the residents. The
parking unit estimate model developed in this study is anticipated to serve as the guidelines for future parking lot legislature, as wel as
the basis to provide a more realistic estimate of parking demands based on the resident characteristics of an apartment complex.
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Table 1. Installation Criteria of Condominium Apartments Parking Lot

Condominium Standard of Establishment (Unit/mz) Standard of Establishment (Unit/Household)
Apartments Scale Megalopolis, City Within City, Gun Outside Other Standard of
. . s > A
(Apy - m’) Metropolitan City Confines of the Capital Confines of the Capital Area EU Establishment
Greater Than Greater Than 0.7
or Equal 85 m’ 175 1785 1195 /110 or Equal 60 m’ (Unit/Household)
2 Greater Than 1
Greater Than 85 m 1/65 1/70 1/75 1/85 60 m? (Unit/Household)
22 FR-QOIS0| TSt BT Ak A7 REE ANISIIT R, FARe] 2] o5
2.2.1 Park (1997) AV A7 KE TR ANl S8 TP ] A7)
A FAGRAN W ATE Bolol TG g el HLFAIREN 950 2SI
P2 )3 W5 5 T W5} A8 v IS S35
o] a9} ofulsk :\1}74]—3— Z1 Qi =] iyt sl et 2.3.2 Kim and Ahn (2007)

Adhtie] FETEeR sl 27t e ‘I”X]'
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Table 2. Transportation Impact Assessment Survey Data

. ) Parking Area
Apartment Year of Completion Total Floor Area (m”) | Total Household —
Legal Present Condition
Bia-dong H. 1999 75,902.06 951 606 638
Sinyong-dong G. 2005 84,708.98 598 602 700
Pungam-dong W. 2005 103,897.31 440 871 883
Jinwol-dong G. 2005 88,703.52 418 811 843
Bongseon-dong S. 2005 100,715.26 442 910 917
Yongbong-dong 1. 2006 4,056.04 368 707 738
Ssangchon-dong TS 2006 120,697.57 491 1,080 1,163
Im-dong H. 2007 101,387.13 598 808 826
Yeonje-dong G. 2007 170,531.33 775 1,409 1,633
Dongbaemaeul M. 2008 129,726.42 642 1,139 1,158
Kumho-dong SS. 2008 74,063.16 336 635 640
Yongbong-dong H. 2008 64,851.31 301 480 535
Ochi-dong H. 2009 5,163.42 333 600 620
Ssangchon-dong D. 2009 135,919.05 593 1,150 1,168
Hoban-dong B. 2009 203,276.03 1096 1,582 1,777
Maewol-dong H. 2009 116,503.86 460 925 932
Bongseon-dong N. 2009 77,751.15 315 621 656
Ssangchon-dong K. 2009 135,570.90 623 1,158 1,172
Juwol-dong J. 2010 78,207.46 419 645 654

Table 3. Classification of Questionnaire Survey Subject

No. Number of Family Member | Driving Licence Possession | Vehicle Possession | Ay (m’) Yearly Income (Ten Thousand WON)
1 1 1 0 61 ~ 85 3,000
2 4 1 0 61 ~ 85 3,000
3 4 1 1 61 ~ 85 4,000
4 1 1 1 61 ~ 85 4,000
5 3 2 1 61 ~ 85 5,000
6 4 2 61 ~ 85 6,000

162 3 3 2 Agy > 135 4,000

163 2 1 1 Apy > 135 5,000

164 4 3 2 Ay, >135 5,000

165 3 3 2 Ay >135 5,000

166 4 4 2 Ay, >135 5,000

167 4 4 3 Ay >135 6,000

3.2.2 FXeL HEXAL
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Table 4. The Number of Data by Site Selection

SZI:) e;lra Dong-gu| Seo-gu | Nam-gu | Buk-gu|Gwangsan-gu| Total
Branch 3 4 6 16 3 32
Pl:‘:)‘ll;e 550 | 2,040 | 3512 | 9876 | 2260 18238
Separa
fion Apy <60 | 60<Ap; <85 |85 < Ay < 135| Ay >135
House
hold 6,507 5,784 4,605 1,342
Table 5. Data Collection
Apartment Year o.f Total Vehicle | Parking
Completion | Household | Number | Area
Nongseong-dong S. 1985 374 391 342
Munheung-dong M. 1988 420 514 220
Usan-dong H. 1991 660 944 757
Gwangcheon-dong D. 1993 165 207 146
Hak-dong A. 1994 299 311 215
Duam-dong L. 1994 606 767 462
Dongbaemaeul H. 2008 864 1,268 865
Jinwol-dong N. 2009 216 459 411
Sotae-dong H. 2009 86 150 192
Bangnim-dong H. 2009 1,071 1,365 1,080
Suwan-dong H. 2010 826 1,079 980
Shinwanmaeul H. 2010 1,166 1,067 1,010
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Table 6. Independent and Dependent Variables

Model Dependent Variable

Independent Variable

Variable Selection of Estimation Model 1.
(Simple Regression Model)

Parking Units
(Vehicle Possession Nimber)

AEU

Variable Selection of Estimation Model 2.
(Multiple Regression Model)

Parking Units
(Vehicle Possession Nimber)

Ay, Yearly Income,

Driving Licence Possession

Table 7. Descriptive Statistics Quantity

Separation Average Standard Deviation N
Parking Units 1.442 0.608 165
Agy 88.317 21.276 165
Yearly Income 44.848 9.837 165
Possessor of Driving Licence 2.358 0.862 165
Table 8. Analysis of Correlation Coefficient and Significance Probability
Separation Parking Units Agy Yearly Income Possessor of Driving Licence
Parking Units 1.000 0.202 0.225 0.359
Agy 0.202 1.000 0.318 0.310
Pearson Correlation Yearly Income 0.225 0.318 1.000 0.154
P°Ssesi‘i’£;f£rivmg 0.359 0310 0.154 1.000
Parking Units 0.005 0.002 0.000
Significance Apy 0.005 0.000 0.000
Probability (Single) Yearly Income 0.002 0.000 . 0.024
POSsesi?z;i?riVing 0.000 0.000 0.024
Parking Units 165 165 165 165
Agy 165 165 165 165
N Yearly Income 165 165 165 165
Possesi?;;fc?mi”g 165 165 165 165
(2) J3AF

4.3.2 FRIQCIQ| AN D8 B

1) 7&SAZF

Table 794 et BFAxE AAE ] gick AFabd
Alhe] Bl e 1440, 8 0EE 8832 o, SRS
4484719, $-AWS] = 236702 ERTE

FA90ES) A4 5H] FauSE 7he] AU Table
83} 2k ZJ21e] By SLudel B folae]l aik)
(P<O5)7} Sl Ao Vehdrh wk FArIusls)

Tl FALIREIe} bS] FAHslel AETART) Fe
e A Ao vekt,

() 484
Table 9¢] wh=r, 3]9)2j0)] ofa)) A== EAHSSR)2 22l

o] %% 2466017 AEA] SR BASSERE 58.23710]ck. o]
WSS o] AT e gho] BIATMS)OIT 7 B
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Table 9. Dispersion Analysis of Estimation Model for Parking Units

Degree of| Mean Significance
Model F
ode Square Freedom | Square Probability
Regression| » yese | 1 2466 | 6.902 | 9.43E-3
Model
U [Residual |582371] 163 | 0357
Total |60.7030| 164
Regression| g 2e39 | 3 32546 10.2867| 3.11E-6
Model
2 [ Residual |509391] 161 | 03164
Total |60.7030| 164

A FF=2] H]E(MSR/MSE)E F-value24] 6.9020]H, F-value
o] th3k P-value ($-2)3HE)S 9.43E-30]t) HaE29] 749 Hat
(SSR)2 9.76390]™ A=]x] ok= B4HSSE) 50.9391¢]ch
= G AFEE2] HS(MSR/MSE)L F-value24] 10.2867¢]
™, F-valueo]] tha}l P-value (f-2]3&)& 3.11E-60]t} ulz}bA,
21,29 AR fofghE2 77} 943E-3 (p<0.05), 3.11E-6
(p<0.05)2 JeRt, 3]HEHe] 33t Zo g et

@ A%
QRS HIRO R SPSS 1009108 o]831o] sl

3OS BFREA g A3} v)sEEs) Al <Jal Table 107} o]

Table 10. Analysis Result of Simple / Multiple Regression Models

FYHck
o)2 HEWAL SHHSE sl RS FSAFE

B[] Y=0.933+0.005763X, )

of71M, ¥ FAES], X, @ 8
B3[2] ¥Y=0.338 + 0.001489.X, + 0.009876.X, + 0.225 X,
@

4.4 ZFRIPICI| A B3 HS 2 HTEA

441 FARICIS) Ab blm
SEGPP I AHgI Sl B

W) FALTS] o] e T NgE

2E2]e] WS 2R Table 113} 2

.

+

Model Non-Standardized Path Coefficients Paf}:agiz;?ilfiits . Signiﬁc.au.lce C(;l:::iesjirclty
Probability
B Standard Error 8 Tolerance VIF
(constant) 0.933 0.199 4.684 5.888E-6
1 Agy 5.763E-3 0.002 0.202 2.627 0.009 1.000 1.000
R=0.202, R*=0.041, Adjusted £*=0.035, F=6.902, p=9.43E-3
(constant) 0.338 0.247 1.369 0.173
Agy 1.489E-3 0.002 0.052 0.657 0.512 0.829 1.206
Yearly Income 9.876E-3 0.005 0.160 2.094 0.038 0.896 1.116
Driving Licence 0.225 0.054 0.318 4.186 4.664E-5 0.900 L.111
R=0.401, R?=0.161, Adjusted r?=0.145, F=10.287, p=3.11E-6

Table 11. Estimation Model for Parking Units

Contents Estimation Model for Parking Units
Floor Area Household
Traffic Impact 5 3 3
Assessment Apy = 85 m2 : 1 per 85 m’ Ay = 60 m 0.7 per Household
“Apy > 85m” :1per75m” Ay > 60m” : 1.0 per Household
Model 1 Y=0.933 + 0.005763.X, -Y : Parking Units Xy Ay
-V : Parki i - X, : Yearly Income
Model 2 Y'=0.338 + 0.001489.X, + 0.00009876.X, + 0.225.X, arking Units 2 - TEAY e ,
X, Ay, - X, : Driving Licence Possession
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The Table 13 and Fig. 8- %18A%]0] w2 z}7}e] FA1ITHe]
2K o Hlugs Avjotk

AE A, sl 4 [8wA A, BE 18
Zo] 85 m7} 7] @] wjie] FehHel wel 85 m'Y 1S
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m'E 2R 70 m™ 1S A43)e] 1.67, 2392 Lelick

Z R olFE FARITIE +0.25, +0.500.2 FjErte
LRt

FAATS] AR (1], ZE2]E AR, 23[1]9] ¢
A, B, C, D] FAeke)7} 217} 1.28, 1.42, 1.65, 1.960.2
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Table 12. Apart Data by Random Sampling
Separation Ay, (m) Household |Estimation of 4 ,,, (m®)| Vehicle Possession Nimber | Parking Units
A (A < 60) 59.89 100 5,989 102 1.02
B (60 < A, < 85) 84.32 100 8,432 127 1.27
Random Apartment
400 Household C (85 < Agy < 135) 125.16 100 12,516 142 1.42
D (A >135) 178.87 100 17,887 187 1.87
Total 400 44,824 558 1.40
Table 13. Results of the Validation/Comparison of Estimation Model for Parking Units
Ay Household Vehicle Possession Parking Units Parking Units Parking Units Parking Units
() Nimber (Present Condition) | (Traffic Impact Assessment) (Model[1]) (Model[2])
A 59.89 100 102 1.02 0.71(-0.31) 1.28(+0.26) 1.07(+0.05)
B 84.32 100 127 1.27 1.00(-0.27) 1.42(+0.15) 1.20(-0.07)
C 125.16 100 142 1.42 1.67(+0.25) 1.65(+0.23) 1.41(-0.01)
D 178.87 100 187 1.87 2.39(+0.50) 1.96(+0.09) 1.71(-0.16)
Table 14. Optimum Parking Units
. Parking Units (A4 ;)
Separation
Apy < 60 60 < Ay <85 85 < Ay, < 135 A gy > 135
Parking Units (Traffic Impact Assessment) 0.71 1.00 1.67 2.39
Parking Units (Model) 1.18 1.31 1.53 1.84
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