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Analysis of Factors Affecting In-Vehicle Crowding on Suwon—Seoul Regional
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Abstract

This study analyzes factors affecting in-vehicle crowding for commuters on regional buses between Suwon and
Seoul using smart card data in July 2023. Despite increasing public transit ridership in the Seoul Metropolitan Area, the
regional bus system faces significant challenges during peak commuting hours, including boarding denials, in-vehicle
crowding, and extended waiting times. While previous studies have focused on measuring passenger satisfaction,
estimating congestion costs, or analyzing commuting patterns within single municipalities, empirical analyses of intercity
transportation have been limited. This research conducts multiple regression analysis on 1,031 route-specific bus
stop observations, examining the relationship between in-vehicle crowding and factors related to regional bus service
characteristics, demographic patterns, and land use features. The results reveal that the population aged 20-39 years
has a significant positive effect on crowding, while the population aged 40-59 years shows a strong negative relationship.
Additionally, average road speed, service frequency, and residential area size positively correlate with crowding in both
peak periods, while operation time per distance and residential floor area demonstrate negative relationships. Notably,
standing restrictions exhibit a significant negative association with crowding during evening peak hours. These findings
provide quantitative evidence for developing targeted transportation policies to improve service quality and efficiency in
metropolitan public transit systems.
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Figure 1. Spatial scope and analysis units of the study
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Table 1. Discription of variables and data sources

Division Definition Source
AU SR YR HA THAIIR(%) (2 YRE ZHHA TR I/ ZI0H
BLHS il 5715 2#x100)
; In-vehicle i
Dependent variables — Passengers on board (%) (Number of passengers on board
9 per regional bus stop / Maximum passenger capacityx100)
YMBAYUT 2R A lRih/HA HIEER(R/mY)
Standing Standing passenger density at each stop (passengers/m?)
passenger density (Number of standing passengers divided by floor area)
YMITIOfE  UMBX NI HBEIX] o BOHA (), YSBA Hp  EE7IE SHOIE
Standing MRl oA LA(]) SEY=AA
restrictions 0: No standing restrictions Smart Transit
applied 1: Standing restrictions applied Cardslnfc;rmataon
= ystem
EHS 24 SR Rl BAHIA &N 201) (2029)
Fogieenan ﬁumger of re Ii-EmaI bus roulges serving each stop (count)
intensity E 9 P
B2 S ARt 2t YR HAHIA 7 8IS A Zele ARKE)
éj”l‘ﬁ 5?» Transfer time Bus-to-bus transfer time at each stop (minutes)
egiona 5 S T = :
bus service AR 2 AESE oA Hd 28 AR EF 28 2] (min/km)
characteristics ~ Operation time Average bus operation time per average operation distance
per distance for each administrative district (min/km)
ERHALAE 2 4YsE &8 588 ¥d £5(km/h)
Average road Average speed by road classification for each administrative  View-T (2023)
speed district (km/h)
Hijxf I . AR
Jat= 2% 06 1ARRIS 8 BIE /) itk
b Hourly dispatch frequency per route (vehicles/h) Gyeonggt Bus
frequency y disp q yp Information
rsolgs 2 AIREE 400m i U XisHEt 20N AEage Yone
Subwa s{;tions Number of subway stations within 400 m buffer zone of KRIC Rail Portal
y each bus stop (count) (2024)
Sgies 20300 974 ZHEREE 400m B L 20300 274() I
Independent _ Population aged ~ Population aged 20-39 years within 400 m buffer zone of A
variables I 20-39 years each stop (persons) Ministry of
Demographic the Interior
characteristics ~40-500H 21514 2} g =ZE 400m H{TH L 40-50CH 14(8) and Safety
Population aged  Population aged 40-59 years within 400 m buffer zone of (2023)
40-59 years each stop (persons)
HRAA T 2FAFREE 400m HH L AL (1)
Business Number of business facilities within 400 m buffer zone of
facilities each stop (count)
77|} i 2t HEAE 400 Lj X0 BiEi(km?)
Residential area  Residential area within 400 m buffer zone of each stop (km?)
ZI4R| G ZH YR 400m HEH L} FHX[HQ| 1S HEHE (km?)
Residential floor ~ Total floor area of buildings in residential area within 400 m
area buffer zone of each stop (km?)
P AR T 2F AFEE 400m HH L HYXIH HE(km?)
-Engha 54 Commercialarea Commercial area within 400 m buffer zone of each stop (km?) V-World
and use
characteristics  S%AIS FHH ZHH R 400m Him U SAXIH0| 42 AR (Kkm?) (2023)
Commercial Total floor area of buildings in commercial area within 400 m
floor area buffer zone of each stop (km?)
SHX|H T 2} AREE 400m HH W SHXH HE(km?)
Industrial area Industrial area within 400 m buffer zone of each stop (km?)
SHX|H A 2} FREE 400m B W SYX[HL| 242 AT (km?)

Industrial floor
area

Total floor area of buildings in industrial area within 400 m
buffer zone of each stop (km?)

=X[X| HA
Green area

2} AREE 400m HH W =XIX|H H & (km?)
Green area within 400 m buffer zone of each stop (km?)
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Buffer 1 | \ Buffer 2 s
Legal Dong{neighborhocd): Sin-dang Legal Dongineighbaehaod): Mangpeo-dang
Populaion aged 20-30: 2545 persans Papulatian aged 20- 30 3252 persons
Populsion sged 40-50: 2,060 persans Papulstion aged 40-50: 1 3457 persors
Urhnized ares witkin the Laga Dong: 428451 46m? Urbanized area within the Legsl 1936145 B0m*
Uriiarizerd aree within Buller 1: 2043303107 (46%) Urbanized area within Buffer 2: 20046291 m? (15%)
imaned popidation aged 20-30 within Buflar 1: 1213.78 parsons. ged. 2: 138,00
Estimated papulation sged 40-50 within Bufler 1: 906,76 persons 21: 2018.84 persans

Buffer 1 & Buffer
Urbarized ares within the Legal Dorg: 494803 22m"
Estimated population aged 20-30 within Bufar 1 & Bulfar 2: 260,78 parsars

Estimatesd population aged 40-50 within Bufler | & Buller 2: 3015.62 persars

I3 2. HH U o 2

Figure 2. Areal weighting interpolation

P,,=Z_:(A;”

- F) (1)

1

F;: Population within buffer &

A;np: Area of the intersection between administrative
unit ¢ and buffer 5

A; : Urbanized area of administrative unit ¢

F;: Population of administrative unit ¢

A EEE WEIHE HEolE AlLFojA AFEE A
H EQE HolEHE ARSI Al e YAt
A=, A Ao A 54 48 AT sAE = U
i BlEelt ol 4 Q)= el

= (%) % 100 2

C: Congestion level (as a percentage)
F,,: Number of on-board passengers

VC : Vehicle Capacity (maximum allowed passenger load)
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Table 2. Descriptive analysis in the moming and evening peak hours

Morning peak Evening peak
Category Variables Obs.
VIF Mean Std. Min. Max. VIF Mean Std. Min. Max.
Dependent . eniclecrowding 1031 - 1625 1530 000 6885 - 1207 1290 000 9090
variables
gta”‘.j'“g Passenger 1031 102 000 003 000 083 106 001 008 000 159
ensity
Standingrestrictions 4 31 119 028 045 0.00 100 118 028 045 000 100
applied
Route overlapintensity 1,031 125 468 254 100 1100 116 468 254 100 11.00
Regional Transfer time 1031 112 822 447 000 2880 115 1029 526 000 27.40
bus service 3 —
peration time per
e 1031 145 244 037 177 344 152 300 040 234 447
Averageroadspeed 1,031 141 2648 564 000 4737 147 2299 570 000 4311
Service frequency 1,031 111 379 331 032 2000 109 379 331 032 2000
Subway stations 1031 147 014 039 000 200 156 014 039 000 200
. opukdtonaged 1031 7.04 130154 5780 000 304904 699 130154 5780 000 3,049.04
Demographic ~ 20-39 years
characteristics :
Population aged 1,031 615 127050 56082 000 264335 621 127050 56082 000 264335
40-59 years
Business facilities 1031 270 167 403 000 2900 271 167 403 000 2900
Residential area 1031 516 024 011 000 046 510 024 011 000 046
Residential floorarea 1,031 295 624 464 000 2401 288 624 464 000 2401
ieiEs Commercial area 1,031 511 004 007 000 043 510 004 007 000 043
characteristics commercial floorarea 1,031 521 112 273 000 1704 523 112 273 000 17.04
Industrial area 1,031 1341 001 004 000 043 1368 001 004 000 043
Industrial floorarea 1,031 1328 020 116 000 1291 1372 020 116 000 1291
Green area 1031 478 011 010 000 045 48 011 0710 000 045

ooz AIHAE HHY - glh

EXol§ &4 B ¥e Fode FAAY BHo] ¥ers
] EAE=TE F7181L, FAA Y Aol 245 A EAE
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F2 %ol glof FgH 2 Qo= e 7Hs’t BErTho] B
o2 AT <+ glot. A2 FARY dHF 9l 25% A
9] it AsHE Y £0.217)7F 8F91 25% A4 0.107H) 2t F
oI5 £ Ht=2.875, p<0.01).
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Table 3. Multiple linear regression results for in-vehicle crowding during morning and evening peak hours

Morming peak Evening peak
Variables
Coef. t B Coef. t B
Standing passenger density 86.25** 856 024 11493** 1379 0.36
Standing restrictions applied -095 -092 -002 -3.327%* -415 -012
Route overlap intensity 0.85™* 450 014 011 079 0.02
Regionalbus  Transfer time 0.24* 235 007 007 103 0.03
iﬁglggter;stics Operation time per distance -4 977 -354 -0.12 -6.24 -6.20 -0.19
Average road speed DA 3.04 0.10 015* 211 0.07
Service frequency 0.45™* 327 0.10 0.34* 328 0.09
Subway stations -3.92%%* -297 -0.10 -1.66 -158 -0.05
Demographic ~_Population aged 20-39 years 26.86™* 454 033 2816 617 041
characteristics  popylation aged 40-59 years 2788™ 562 -0.39 2923 754 -0.48
Business facilities 056 0.61 0.03 054 0.76 003
Residential area 3523 434 026 2397 384 021
Lanid use Residential floor area 050" 319 -015 -063™* 44 -0.19
characteristics  commercial area 411 027 002 516 044 003
Commercial floor area 203 1.45 0.09 -0.86 -0.78 -0.06
Green area -3.23 -0.39 -0.02 w2 -0.42 -0.02
Constant 9.94™* 195 26.16™ 587
R-squared 021 0.32
Adj. R-squared 019 0.31
F-statistics 16.48** 30.38**

*p<0.1, #p<0.05, **p<0.071

25% 419 Bt Al FEE(EE5.95, B2 5.47)H W24
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Figure 6. In-vehicle crowding by administrative dong (left: morning peak hours, right: evening peak hours)

Joumal of Korea Planning Association Vol.61, No.3 (2026) 161



olcHd -ojolld- Z=0|- 07|

Morning Peak Hour In-vehicle Crowding

-
0 68.85(%)
[ ] Administrative Boundary

Ewvening Peak Hour In-vehicle Crowding

|
0 90.90(%}
[ ] Administrative Boundary

L] 1 2 3 afkm)

I8 7. YRR A EHEE: 52 AL S S A
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