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Analysis on the Relationship between the Fine Dust Concentration and Subway
Ridership for the Evaluation of Fine Dust Response Policies
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Abstract

Recently, as the attention of fine dust (PM2.5) has increased, and the intensity of it is getting worse, government-led
transportation policies such as free public transportation have been implemented to reduce PM2.5. Despite the efforts and
massive budget, however, the public transportation policy to reduce PM2.5 has not been fully validated. This study exam-
ines the impact of PM2.5 on the transportation mode choice focusing on subway ridership and evaluates the effectiveness
of public transportation promoting policy. This study uses daily PM2.5 data and subway ridership data from 2015 to 2019
in Seoul, Korea. As a result, this study found that subway ridership decreased as PM2.5 increased. Considering that walk-
ing is involved in taking the subway, and direct exposure to PM2.5 is high during walking, individuals seemed to choose
alternative modes to minimize exposure. This tendency had become stronger as awareness of PM2.5 had increased in
recent years. Next, this study indicated that individuals responded to PM2.5 only when they perceived it was serious. Last-
ly, the free public transportation promoting policy, as one of the policies related to the PM2.5 reduction measures, was not
much effective. The results of this study should be considered for future transportation policies to cope with the PM2.5
problem.
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H1.284 M3  Table 1. Description of variables
Variable

QU HFAR XI5 SR QI H

AM. peak time subway ridership

Description (unit)

7~8A XI5 SAIR1H (F)
Subway ridership at A.M. peak time

Source

N E (0] = Eresy
(Seoul Open Data)

QM HFARIPM25 5%
AM. peak time PM2.5

7~8A B PM2.5 5% (ug/m°)
Concentration of PM2.5 at AM. peak time

concentration
XOIMEHX| EAM _ — —
ghzlﬂa;ti'ri;t%s of BSAZIPM2.5 5= BENCT-16)) L S PM2E B Lo/m)
: Activity time PM2.5 Concentration of PM2.5 at activity time
Fine Dust :
concentration (7am.~6p.m.)

HEXPM25SE
Year X PM2.5 concentration

HEXPM2.5 5% (H-pg/m?) (74 :2019H)
year X PM2.5 concentration (ref.: 2019y)

olloiZ2|ok(AirKorea)

ol
Population

2o (Y)
Number of population

ZHES 217

ola-NE|- 21 S . | |
Economically active population

Characteristics of

28 NS 017 (3)
Number of economically active population

IIEALEH(KOSIS)

Demographic

. . INEINES =R B
Socio-economic

Vehicle registration

28 XISH 52 O (o)
Number of vehicle registration

N e (0] = ey
(Seoul Open Data)

A E3H|R

Ratio of travel cost by mode

LR LA/ SAFE Q@8
Gasoline price/subway fare

7tA72] ol AlZf 7EA7A2] (10m)

Visibility Distance of the visibility

72

Temperature

7|12
=M Ed Temperature? ISR EME 2
Characteristics of i . (Weather Data Open
Weather =% alig Al EM EE('C, m/s, %, cm) Portal)

Wind speed Characteristics of weather

=

Humidity

M

Snowfall

R Ho| oEH); e, 422324

Day of week dummy Mon.: O (ref.); Tue.: 1; Wed.: 2; Thu.: 3; Fri.: 4
EIDI EHA %@ﬂﬁ EIDI %*8—.*7@(1, 2, 7, 8"%)1 1
Dum?nTy Vacation period dummy Vacation period (Jan., Feb., Jul,, Aug.): 1 -

&7p12t |
Summer holiday period dummy

FIPRKTE 242~82 14Y):1
Summer holiday period (24 July~
14 August): 1
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Figure 6. Average number of subway ridership per month
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Figure 5. Subway ridership per day
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Z0|MHX| S=2t X[5H 01822| 272 A0t n|MIHX| thSY2Me| 4S54 Hit

H2 H2OJ7|ZEZZ  Table 2. Descriptive statistics for variables

Variable Obs Mean Std. dev. Min Max VIF
QM HFAIZE X[oHE SAtQI¥ _
AM. paak timb outway ridership 767 932873 50,598 738128 1023580
QT HEARIPM25 SE
AM. peak time PM2.5 767 2563 16.27 245 127.40 3.65
concentration
AR PM2.5 =5
Active time PM2.5 767 26.31 13.96 317 124.48 319
ZOMHX| EAN concentration
Characteristics of Y2015 767 6.29 12.23 0.00 68.22 5.34
Fine Dust
oi=xpMps e Y2016 767 6.6 13.21 0.00 73.26 3.68
YearxPM25 Y2017 767 429 11.32 0.00 97.65 3.02
concentration o518 767 6.07 13.24 0.00 87.52 319
Y2019 767 155 9.08 0.00 127.40 -

BHES 2+

Economically active 767 5,365,780 47,011 5236000 5,444,000 229
Qt-AtE 2K E4  population
Characteristics of AERSE T4

Demographic . . . 767 3,082,448 34,613 3,021,688 3,128,420 483
Soci : Vehicle registration
ocio-economic
TS SIS 6 30 0 3 9 96
Ratio of travel cost by mode rer 1 A 1 15 1
ZtAiel 767 1374.69 616.18 8000  2,750.00 2.28
Visibility
72
767 9.39 11.40 -16.30 31.30 8.15
Temperature
7|2
L EA 2 67 218.19 237.99 0.00 979.69 8.84
=N=sc Temperature
Characteristics of o
Weather o= 767 1.79 1.02 0.25 0.35 1.27
Wind speed
== .- 767 06.37 15.52 17.00 100.00 1.92
Humidity
Ha 767 1 1 151 1.1
Snowfall 6 0.19 .08 0.00 510 .
Mon. 151(19.69%) -
Tue. 152(19.82%) 1.62
22 0| 767 Wed. 157(20.47% - - - 163
Day of week dummy ed. 157(20.47%) e
Thu. 156(20.34%) 1.64
Cio| . o
Dummy Fri.  151(19.69%) 1.65
b5t |7
S0l 767 0.38 0.48 0.00 1.00 213
Vacation period dummy
S7b712tH0)
Summer holiday period 767 0.06 024 0.00 1.00 1.53

dummy
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Table 3. Multiple regression model

Variable Coef. Beta Std. Err t
QM HEARZIPM2.5 55 ] . _ )
A.M. peak time PM2.5 concentration 28020 0.092 117.80 2.38
SEARIPM25 55 i i i
_ = A ctive time .5 concentration ‘ ' ' ‘
I— Active time PM2.5 . 129.70 0.037 92.90 1.40
Characteristics of Y2015 97.85 0.025 145.80 0.67
Fine Dust ol o
HEXPM25 5 , Y2016 21870 * 0.060 117.50 1.86
YeaXPM2.5 concentration
(ref. Y2019) Y2017 24580 ** 0.056 124.40 1.98
Y2018 -5.36 -0.002 105.50 -0.05
BHEs o -
QI AFS)- Economically active population 0.05 0.047 0.02 202
@Hl Eg IFEﬂ == EHA
Characteristics of o e T -0.74 *** -0.100 0.05 -3.10
. Vehicle registration
Demographic
Socio-economic AOHE EdliH|2 -
Ratio of travel cost by mode 36570.00 0.080 9606.00 381
7tA A2 .
Visibility 3.51 0.044 1.81 1.94
7l
T 2447.00 **+* 0.564 188.50 12.95
emperature
Ly EAL 712 -108.40 *** -0.523 9.36 -11.58
ZMEY Temperature’ ' ' ' -
Characteristics of Y
Weather ol -1043.00 -0.021 828.70 -1.26
Wind speed
8= 113530 * 0,043 66.70 203
Humidity
Af2f
=< 6713.00 *** 0.053 2013.00 3.33
Snowfall
Tue. 4746.00 ** 0.135 2381.00 1.99
2L Ho| Wed. 77.44 0.001 2364.00 0.03
Day of week dummy
(ref.: Monday) Thu. -3121.00 -0.015 2369.00 -1.32
Cio] 4 Fri. -22360.00 *** -7.378 2396.00 -9.33
Dummy FESTREET on)
&7 0] (1: Vacation . kx . .
Vacation period dummy 49520.00 14.019 2269.00 21.82
=y “Holi
F/PIREHol (1: Holiday) 65570.00 *+* 16.801 3942.00 16.63
Summer holiday period dummy
Intercept 1104000.00 *** 227300.00 4.86
Obs. 767
R-squared (Adjusted R-squared) 0.829(0.824)
p<0.01%%; p<0.05%* p<0.1*
¥ 4. ZASAE ZOIMHX| CIZE  Table 4. Sensitivity of fine dust by concentration class
Class Criterion Beta Std. Err t Obs.
5 N 3
Good 0~15ug/m 2641.00 0.200 1934.00 1.37 193
HE
© 15~35pg/m® 705.30 0.078 443.60 1.59 423
Normal
Lj / O L
IS /O LS 35~75 / 75~pg/m® -419.10 ** -0.129 172.90 242 157

Bad / Very bad

p<0.01%%: p<0.05%* p<0.1*
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Figure 9. Relation between PM2.5 concentration and sub-
way ridership (Y)
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Table 5. Date and effect of implementation of fine dust response

Actual value /

Date Actual value Predicted value Predicted value*100 Note
_ 2= 2Ist M2
80 Dec. 2017 Exclude due to weekend
15 Jan. 2018 893,707 899,840.0 99.32
=oE 02 XMz ALl
17 Jan. 2018 896,546 880,137.0 101.86 HE S TE S A " :
Free public transportation policy
18 Jan. 2018 879,598 882,964.4 99.62
26 Mar. 2018 975,427 967,870.4 100.78 OMIDI] AL 5] Al
27 Mar. 2018 984,119 969,600.3 101.50 Emergency reduction measure for fine
7 Nov. 2018 962,072 945,547.2 10175 dust
_ Za2 olst x|
13 Jan. 2019 Exclude due to weekend
14 Jan. 2019 879,164 859,048.0 102.34
15 Jan. 2019 879,037 863,666.7 101.78 OMIDI] AR 5] Al
20 Feb. 2019 884,091 888,492.5 99.50 Emergency reduction measure for fine
21 Feb. 2019 880,595 856,982.0 10276 dust
22 Feb. 2019 866,612 843,367.4 102.76
23 Feb. 2019 - >4 8 S MI= 0I5t X
Exclude due to weekend and day before
28 Feb. 2019 -

the national holiday

=X AR W= 0fl{Z 2|0k(AirKorea) A TS5,

00 =EEAZ, H54H M4E (2019)

Source: Policy implementation date was obtained from AirKorea.
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