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Influence of Weather and Atmospheric Conditions on Public Transportation Ridership:
Using Panel Seemingly Unrelated Regression Model
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ABSTRACT

Public transportation require access trips to the stops, which are significantly affected by external
environmental factors. This study examined the changes in public transportation usage based on these
characteristics in relation to external environments. The analysis focuses on the 25 administrative districts
of Seoul, using data on public transportation usage, weather, and air quality from 2023. The analysis
used a Panel-SUR model, showing that deteriorating weather and air quality reduce public transportation
usage. The impact of the variables was greater on weekends than on weekdays, likely because non-essential
trips, which mainly occur on weekends, can be influenced by external environmental conditions when
choosing whether to travel. The air quality-related variables have a smaller impact on subways than
buses, likely because bus stops are more exposed to external environments.

Received 24 September 2024
Revised 14 October 2024
Accepted 15 October 2024

(©) 2024. The Korean Society of
Intelligent Transport Systems, Al K€y words : Weather conditions, Atmospheric conditions, Panel seemingly unrelated regression,

rights reserved. Public transportation ridership



1. IR

st olgig 540 o3| 53kt A ’5H7ﬂ
W2l A F2F BFRATA, tAF A F{RA

. el TS FZ R BTl wet of
FEFS Weth AA R O AT A STl uet
hoi, 2014; Wei et al., 2018; Wei et al., 2019). <+
]%Oﬂ Gk n T Wei et al., 2018; Wei et al.,
% 3}}o]T(Nao, 2019; Miao et al., 2019). ©}<]
41:} el B3 FAlol Frksta o,
| & tHeus ol &qE HIE v AT
© o2 BAMHATKKI and Lee, 2019

FAANARE 7hssith webA, tiEals o] &k #1219
OM HF =ZA7A 9] 7t 5

TuE ol &de T
HSuE o] &7Fo] FHaste
Bk o, 712, F5 F
2019). 53], 712 ds2 o
L 7R oy o
ol¢} HEo] t7|eHd #H
qre &F, 2rAHUA 59 Fle tiFeus o
Mendoza et al., 2020).

St TS RAY Al ol M YARSIERA(CO), A a4tSHENOx), #F3HrEA(S0) T 64719
Edo tis] 71 LA EARE A JloH, AANAEEH #H E4 dd t] T FEE ST
AR o718 ok B BEoz Qs #HE ATE A & AATh 2013 AL Zn|AHA|
(PM,5) 55 A3 AZSHAA 71374 #d Bdo] U8t Zr AU F o] 100042
2.5mmEth 22 of 2 WA S on|it), o] 2uAUAE HE/A HFE 7hsste] 1736l XAl
FAE TAAZ F ok o3 rANAE H, AdI tEo Tk A7 S A, A

o] Z7NF =22 A Aot 587 AbgEo] 1.ev] Z7F8CHKloog et al., 2013; Jang, 2014). ] H
Zu AR ] @A o] S A, ZrAAA o e A BAo] FTISHATE AU A] S o] AlAtE
201395 a3 FHoAE 2rAEA, vARA], 0F, bl sl TR P ARE sty ok
o]E 3 = O & Korea Gallupoll Al ZAMSH 2t 5ol w2, vlA|RA Y B wf npAT5 2§
°] 2014'd 29% 1A 2019 53% =2 tZ 571819 th(Korea Gallup, 2024). ZF|A Ao Tl FAl-S 2|43
2 Z7Fetg o, 20206 COVID-19 Ao 2 Ql&| wpaz &-8o] oFsldd wg} I FAo] thi
AT

COVID-19 g&Fo] HA}t 7hastm, 2023 vp23 737 A=Z 02 A= oH, o] we} vpra s
285 ﬂl%ﬂ% o]-§Ah= HAk ZAsHAT 2 TH 2rAHA & JA FASAETR 3 A
A LES AEE AW EA, 2016\ o]F ZHAHA FEE AL FAFAE B o, 2023 A
o7 Z7IFAE UEFATHKBS News, 2024). 53], 202019~2022d 2 HA] 55 7hA4o F8 Hlo=g
3 7Hs9 A 9 AEFH ol g Al §E5t, COVID-19 FFo] adssE 2uAHA & 4
5 R i=s

ol

X ol
9
ofo
13
P>
2 1
N
ko
ot
Ho o\-m Q
rO

N

Qﬂ

SIS
¥o, —
032
o
N
ot ok
oﬁ“
2

ofo
o
ol
B~
>
N

”

B

ol\
N
o
4
%0,
o
mlo N

YELE o182 714 2 tr) s 2 okeld oo GBS vt trld da 28 8k oy
B WE Hoplx BADY, WA, hFTE o & BHHE B3 /I BEST o8 et A
ol 71018 4 glom, ol T UFLE ol8F 2718 Fa dFaE Avz 4L A9 7182 A

@ 5 B ATINE od T Had T2 TEL 9T 27] AT, GUE oplBAY oF oF

&
wE ol gyE Waks TR} gt

48  DIFTSYR| =21 233, M52(2024H 108)



Jleh 2 oo ol 2E ENE ol 2t

selete) UEREE A vas AR PR 4 ook Wik Qi 28 5 oUY
BRAel =2l XUk Wekd, Wz §5S 98 U1 @, 9586 wEHolc W, A5
oY) e B Aol AAstel 91283 As o} Yk ol @ S o3 ops1BHe] H

3k A3 o goll ThE YL FA o dAHT o F W] 5] & AToAE BERES
AfAR FRstel LA

SElue FEE UFns SFAAE AYEYH, 54 s IAAS A& w2f, =9 X5kd 7+ 3
ToeE TR oldd agAdlE dens 79 U S5 TS STA Ak o] &3 dFulE o]
& 7 AREE F7HRITE o) 1] Y8l B ATFdAe FE5HT 1 3RS 18T F e 2
= &8t gty UL, 59 AFol thsl A of$A 3 tiFalF o]& HolHE &85l wek
g &AJo] U9 % Panel Seemingly Unrelated Regresstion 28-S ¥4 g oz MA3laz} gt}

I. A4+ HE

Hesus #d A7 FANARE FEA FE3] AP Utk B AFolA s o dFolA, 71+

9 7|8 mE hFus o] &PeE BHT ATE FE AESIA g

7%l ME YELE oSS AT ATlNE 22 A5l mE EFE AESND Yt AoE
T Choi et al2013)€ 2011 NEERAE g0 29, 24, BAAF, ALLE 5 4714 714
20| ME UFTE o SWHE BAST AEY U HARLL FE3] BAL Agsiglon], B3
A% 8 AFLEE HFLE ol §5LE o 2-7% AAATIE AOE SHAATH B, 71420 L ofslo|
SO Moo o 2 HBYE YRS AR EARND. 55 B DU ARLS)

>.

ol H W2 o] &2 7]E 50% 14 oF 30%tH= 7HAdte WA, S-8xkek RSk o] &2 oF 10% F7IshE
ZAo2 =EHT Sin and Choi(2014)= Seemingly Unrelated Regression Model(SUR)= &850 7F4=gFo] T
0 sl HXE TS BAEh 2011'd~2012d 9] BarEA A wEIE $AARE FEIA oM,
NS ES M2 EAAE, kW2 E FE5t 248 FP5IAT Z4FS 1I0mmE 7|E0E YFle
tq’ 10mm ©|3}= F-93lA] & Aoz BALQTLh 7442 10mm o] NS 7 BES4E =0 E 9]
SFo] Hashe Z0E UESon, EARE 457} tﬂ* 2 upSH 2o HlE| Aol e A 4 W3t
o7 FA3 Aoz EAEIT Tao et al.(2018)L 20133 L AEZOLE oz o] w2 1
£ £ 4334T ARIMAX S} SARIMAXE &-83le] B4 Fstgon, A A4 9 53

HE FEste] 48 st e G ol FFo HE o & ZoE Uegon, H3X
gl 1 ko] g2 Ao T TZEQTE FAR|(CBD) T AEA o120 X3 tE £Y2o] A
IR Y A wom, Hao A Fro] EAsE B4R AS G4 Fao] HlwH HE A
BT Wei et al(2018)2 20129~2013 S ~Eg|o}E EH*PP_E Ao mE tFuE ogWstE
ojg I AEM S &3t BASIA EX T FFH FZol gEA Uegon, 5 25 2 7
wEl tFns o]§Fo| Bt RIgetA Hale 2o %@,El"*t} T3 G 84 F TEol
5 olgol 7 & IS vAle AR EAEHATE Wei et al.(2019)2 20151~2016'd 55 H]©]E

Jm

o

I

e = 4y do

Vol.23 No.5(2024. 10) Journal of Korean Society of Intelligent Transport Systems 49



Zgsto] A7} 4ol UFRE ol &AolA MAE G BHSU Sold ALY B B
!

AYspglon, susS M, A5, ddFery) 2 TEsIAT 423, g7t X 9&FS 7 Bl
= ASE yepton, A5l Hls) uFA A ER o] G| &

il
712FAEA 9 CART B4<& Fall A&58A F4

é
B o
i
)
ofy
FJ

201799) ALERA UFRE AEAR D BHAE FAARE BTk A L B0 we 4E
WA A B AT 208 B, FEE o §8 S/ doz BAND, =9, %
[e) [e]

=il
)
ry
N

o
X
X
N
)
o
oX
off
o
of
o
tlo
=
r_lr'
pou)

A UERE ol 4% FuAe] ERAHZ TP, 3

== AT

Mo g0 (S ofo nZ

W718747 BdE ELE ATE 1% Bd A7) e Th BEF A0R ZAHUTH Welch et
al 2005 7] F F ¥ g MAE GBS BASAT 20000 AZhaelN S

]_
HERLE 2AAEE D83t £

4
)
QL
32

© 1, Fixed Effects Regression Model & 8315t} ¥4}

QFo] UFuT o8 HXE FFE ANUER gdE2A Yelye ZoE BAFHAN T8, 2F St
w2l ReHd o]gFo] FUlehe ALZE EAEIh Ki and Lee(2019)= ZU|AHA] Fxof W& 2|51 o]
£ WM3LE BT ASEEAE 24 MR RSt o, 2uAUA FE HolHe oo e ot

A AZehes 2015»3—“%151 2019974419 ARS, THE FHF Ane 20169 VS AHRA ARE
Saksith. B4AH, 2ulAWA §57F 7SR A o] 8FL gashs A2 YERh o3 A
3Hd ol 8% he 2HAWA sE7F R olde] wadM R5HE AoR FAHUG. XU
FE STl QR At ol &% a A= FA vl A AX= Ao ZHHIAT. Mendoza et
al.2020)2 2014'd-2016'd Pl=& o= wHojeh ti7]e o] Hgus ol&ol wA= ¥Fe 43t
o o719 mihofel M Algshs “ti71d e 7o SAson, dHEd s st 9 5
7o F ur]:/}woq dutz o Z JEuE A3
°JF

Fol =

P

o A%, thr1go] S ek
A, Bo1dol SHAPEE ty] B S BRATE BHOE S0 Aol

Jo and Kim(2021)2 LE%} WAHA =7t £X, 583k W2, WE F0o FPAt v 4TS £
459t SUR 23S 43t B4e S3s9on, 27w EDBoA A= 201618 7 % RELEESN
A5E AT TA AGE AT Hx 17/] FYAEE B tiFom AAon, F 523,989 ¢

&) £4 S8R t71edEdY 5 2 FoR- AR I yde H?@rﬁ%%@l/ﬂ Q3=
o] ZE|ok(Air Korea) At2E &&3t3TE BEFoAE SATTES EH, A7, W, A2 FRIP o,
53 ZHd wet Y5-H FPH *d‘fa‘”d %EEOE TR A, V]8Rt AR E TP
AH R foymg GaFe] de AR EZHUT 72 57 BoldFE AHE TPALE FU1
31, W2 BYPAITRS Ak ﬁzi %‘—151‘215}. A 5P AgH T 7 iFy Aey 7
7t FYsA EEFHUCH, A FoA Wste] Fo] ©f F ZoE Yehth ol I-F Y Bl
Aea gofloa o2& B mAdA T2/ ¥ 2 4% v E S st

o>'

YERE o835 71F ¥ U)o B DR HAATE ARG AR Thed 2ok WA, F1

50 QrZTSYIY=2N| 233, M52(2024H 109)



vdd 97 AVEY, hFE2 Aol e A7 A Foll Mok Al Sk AAHA T
= A2 8, 53] thFaT o8-S AaAldle AoE 4T teus FolME At Rt
Hl 2 o] S T Bol AaAdle AoE BAENY. I ATl 2= wE = 24 eH, 2
E 37k EaT o8& A2N7IE AR E4HAT B3 71l Ad T uE ol & drEdes F
ol Blsl] FZelA ¥ A yeke Aoz EEH0IY. 7|84 3 A58 AvEd, 71 #d A7l
Hs Bl 2 ko] A7t YA Aom 2AFUT 53], e 7] 89l 5, 2&3 HAHA|
of A AF7F FE olFE ALE U tr|@70] EddrE fTaF o8 Hadte A0E &
=5 en, 7 el wet 7] @740 kEo] B2 s ol8o] fadhs Jo® EAHUG:
g d7olA 71783 7194 44 FEE 240 JFH I e Aoz ARG 1Y,
Ade BT YRAAE 78 242H, SAl 1gste Zlo] AHe Ao g Addth £ AFdAs
olE wkgsto] shite] YoM | da st 7|8 24 BF £st E4S st o 59,
71E ATelME t7187E 54 84 eE ZulAUA tigk B4R FEHD itk @ gkl A
T 0 t71ed=d F, vAIRA (PMigo), ZPIAIRA(PM,s), 2E(0s), 048 2(NO,), D4stek2x(CO0),
OFRF7FA(SO )l T 5 A%t ARE AFsta ok B dToAs e tirled =2 o

o
ol
0 of
krl

of

3 =
F ARSI S8 75 Hew 19 BE AXE BAe) BF EFSHDA DT olF Fol UFLE
8750l of® 240 H% W wgsA AR AHRIA B FA1Z, AE AFANE
et

o

2

| sl 4o Had 2t D, & A7olA
_?_

e AYstaa o 53,

.
ot

ofy I,
ot

o
2 4o Ao
o
o
£
o
rlr
>
o
i)
o
ofo
ol
o
Ay IR
ox
&
oX,
[o
i3
o
>
my
4
%0
o
fal
Jru
o
il
fd
%)

otk
Moo o

oo o lE. of %
\
1o o

OQ‘L Hj

=2 &8
71 Azbell tisl §2 HelolA AR vlolEE &83A "t tiFE ATelA
HAZ, V) B4 == Uets 193 H = A QtH(Choi et al, 2013; Sin
Choi, 2014; Wei et al., 2018; Wei et al,, 2019). o3 AE&= AAE A5} JdH A5 EAS BF
Fetal ok 7]1E Aol e olgh 22 HolE EAS 1A E3ta oy,  AFoAe HdiEs

gg3to] dlole] 542 wAF B4 WAstuA Dok

_
rL

) o
ox -
o

N

)

tio

>,

=)

2

2

tlo b
ook
ol

gk

HI

MAtE

2 AFdAE tddt FHE aRle] tgFus o8l mAe FFe At d) olF fdl 7143
& tlolE], ti7] AR HolH, Fas o8 tlolE Y Al 7HA] ol i HolHE FE3Th
1) 7|4 23 H|o[E

SEdgeA e 71 BE 8l 713 AA 714 B tlolEE
M= TYe AZ77E FEet FHEE AEE AFsta o
(Automatic Weather System: AWS)oll A X == A5& &-8&3tHHh 3
T, F5, 7Igel gt BRE AHEE S ARE AFS UTh AWSE ASE-EA ] F 2970

Vol.23 No.5(2024. 10) Journal of Korean Society of Intelligent Transport Systems 51



7b AR glom, 7 AT UNLA, FAT, B, AT, YT ETl 27i4TF AR Eo .

2) 7| M= H|0|E

gl = t7] A8 mE dr)ed FoR-AR BHE 98] 6712 EE(PMio, PMas, O,
NO,, CO, SOyl th3t th7] T s=& AL Atk " BH= BT S92 JA ] ADNE A5=
AFHIL A & AFelMe 7 A=A Algsts 228 FEE 40 &8sttt

A E-A A= S-DoT(Smart Seoul Data of Thins)E &3t A&5EA A9 mAHA|, A&,
A% T A SAEA HolHE $38 Qlth 2024 71 S-DoTE F 1L159707F A= o] glom, 7t
AT B 4677 AAR, 2 AFolA s 25, 55, H7] L9=A(PMigs, PMss, 03, NO, CO, S0,
FEE T4 288t
3) iSWE 0| |0l
Feuet hEas ol vlolEe 72 R wEstE HolHE 7oz At k. & ATlA
FFuERAFHNN LYk wEFE W oly SFAHRA LA AT —5—} 2}
283t G AlEdA s dEE HAE HFTuT ol &LAE AT, &

, PREH 2, AU 29] 57 FHo g FR3le JRE AFeta Stk Ha 3§7é

Agskal glo, & Ao e A5 I3t Telek TAds] s AT EH«I ARE 2
ot

rir
N

5 rr

s mlm i

o
HI

M Beldd ¥ Hloly 22l

1) 24 Heldd

SEvEhE vlay AHA-e] FEld X EAS BT 2023 7|E AS5EA Bt 722 1Y 93t
L5ColA 89 B4 272CE 7|2Wsl Aty & & Qith o83 &xRstE Bkgaty] fjal B4 713
1o g A5 on, 75 7Hed Al ARE E&sty] A8 B4 J|EdEe 2023902 AAs T

FEvet T £25 AWEY, 20239 71E A 299 oF 9397 ®o] &S AFstal e AL
2 ZAEo], A e oF 2097} ALolA AFdE AR ZAE Y THKosis, 2024). A EHAE tfEwl
=9 Froln, @4 A& 7|Eo R Mt B2 7 AFsh] Wiz, Hold 759 el o] & AT
o] AY9H HAE ASEEANE At 71 @ dolHe 7P &2 A9 HARE P75 &85t
ek old wt B AFolAe FAT G2 JAE vlolEd tE #4S Fdstaa sk

2) oy 22Id

42 A7) Al vlolE 7ol o < 3 e ol tid Ay § Hely SY4dS FHs
Atk A WA=, wHolE ] Az £4 &9l dAgE et 714 B Byl AR B4 dHolE e 7
T, A S E A" HeolHE AlEsta AR EaE ol &HolHE d Gz HAE HolHE AT
ata ok ool wel, AlZE @99 HlolHe Hdghe 285t o &9 HolHE AU F WAE,
dolg o] 33 4 @9 dAsE s AT i A5 4, AT = JAE volEE Al
et glou, MESEA A AFet= S-DoT AR 2+ 24 717] &9l JHE Algska ok whetA,
S-DoTell A 34 HolB= 347 @92 A= 2ol dasith. A58 A= S-DoT A HH

s A

52 QJIZTSYI=2N| 233, M52(2024H 109)



P

()

oy

of 2

ofm

ol

00

i 35}

o

ch

of

et ARE Agsta Aol we, e ARE wge R FAT A= AASIA. dolE ARA A,
Wiwe T8It v o g fojEd th B AT E4 &8 HolHe 714
B WM 71NN Algsthe ARE VIRoR, 484 dd WedMe I8 THEelA Al
e 719 ARE 7EoE AASoH, dg AR SAHA &2 Add taiis A5 ‘ﬁ/\l
S-DoTell Al S4E HolEE &-8stoith. ool weh F 9,125719) tlo]Ejoll A 44371l sl S-DoT A=
g3ttt

Ao &&Ee A5 2023\ d AEEAY AT @9 dTus FHHL, AsHE)E o] §HFo R,
deelHz S 5 ok ddrolEd Y tHE ATolAE 2571 Al sl B ARKE
ATNAE 4 @Y 3659)0 2A BSste] A2 HolHE 9| dthJang, 2023). ©le& sddolE &
AAE A5 Ao A5 EA4S BT EF8L o, i S8 9T T e R¥S F8EoF &
o & AFolA = didulole e B4, ‘ﬂ’\ o] & AatA ol &F 1+ WS 1] $I5 Panel
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BAE Xgstr]o] oA, s ol &3E 9 71 2 o718 20& AESATE 1A, AES5EA ¢
NEn%s o] Y| E AHHEH <Table 1> <Table 2>} 2T FF 4 Hd T o] &FL W2 217
T, At 49 T3 FEoE ZAEHOY, FT B FFYY 4 H hFuF o)&FS W2 11137
T, At 12~15% THOE FFo BlE| H& ACE UEyth ol T3 T ¥ FFYY A2ud
o] th2m(Lee et al., 2017; Koo and Choo, 2021), HIm 2 F2o|| wo] Bl o7} E3fo] Estho g <
B27F o] &5 RO E FHEATHChoo, 2012). € UFNF o] &HS AWRH 149 355 T L=
7 AL Aoz 119 419 %@/?J_i Mg BE AoE Uryth o] o] &7 &£F9] Aol EA)
SEAIRE Hl A FARSE FEO R y Ae 89 AZuE Aol wkgstr] {3l
F5I FEE FESIY BN nga}ﬁiv}. 20239 FHYL F 4Y1E 19, 1€ 21¢¥-~23Y, 3€E 14, 5¢

Y, 59 27¢, 6¥ 64, 8¢ 15¢, 9 28%U~29¢, 10€¥ 3%, 10€¥€ 9¢, 12€ 25U E FAHNH, FFYL
T4 FuE ol &ujHoe] FY wet FLE FRIt £4E FEA

|

<Table 1> Average Daily Public Transportation Usage:  <Table 2> Average Daily Public Transportation Usage by

Weekday vs. Weekends Month
Type Bus Subway Month Bus Subway || Month Bus Subway
Weekday 208,523 236,779 Jan 163,556 | 184,281 July 184,843 | 203,007
Weekend 133,994 148,763 Feb 181,129 | 208,735 Aug 182,050 | 198,217
Holiday 106,770 115,738 Mar 190,268 | 216,856 Sepr 185,512 | 205,526
250,000 Apr 187,829 | 213,701 Oct 182,436 | 209,200
200000 May 186,737 | 211,735 Nov 191,008 | 219,781
June 190,569 | 212,515 Dec 182,589 | 210,932

150,000
250,000

100,000 200,000

L= = T =

50,000 150,000

0 0
Bus Subway Jan Feb Mar Apr May June July Aug Sepr Oct Nov Dec

m\Weekday mWeekend Holiday ——Bus Subway

71 20E AES] S8 99 V)L, A5E FolE <Fig 1> <Fig. 2>9F o] HAEsIGT € 7L
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<Table 3> Hausman Test Results

Weekday Weekend
Type
Bus Subway Bus Subway
Hausman test 11.79 2151 8.15 10.07
s (0.033) (0.000) (0.043) (0.034)

Note: ( ) means p-value
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<Table 4> Panel-SUR Analysis Results

Type Weekday Weekend
Bus Subway Bus Subway
. Temperature(C) -436.422" -338.894™ -628.170™" -529.249™
Cl“j::a;lzljted Precipitation(mm) 214938 -179.039™ 428067 360152
Humidity(%) 138.466™" -669.680" 112.674™ -160.304"
S0,(1,000ppm) -1,086.937 -8,593.991" 2,172.244 3,535.929
CO(1,000ppm) -38.400™ 34,0117 48588 45824
Air pollution 05(1,000ppm) -178.296™" 275720 35.994 -193931  *
related variables NO,(1,000ppm) 74358 -356.230 -339.567" -333.445™
PM,,0(Hg/m’) 36.743 240.577"" 7.637 171.560""
PM, 5(ug/m’) 6754717 176.284 -120.797 67.987
Region related number of bus station 254.004™" - 122.973"™ -
variables number of subway station - 13,820.810™ - 8,587.984™"
(Constant) 74,730.590 61,719.500™ 70,687.250™ 38,173.660™"
R? 0.355 0.557 0215 0.524
N 6,225 (249 days) 2,900 (116 days)
Breusch-Pagan test 0.635™ 0.713™

Note: *** means p-value<0.01, ** means p-value<0.05 and * means p-value<0.1
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