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Impacts of the Outbreak and Proliferation of the Middle East Respiratory
Syndrome on Rail Transit Ridership in the Seoul Metropolitan City
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Sung, Hyungun

Abstract

Globalization sometimes provides unexpected negative effects on public health because of
the outbreak and proliferation of avian infectious diseases resulting from more active
inter-national movement of people and goods. Seoul had experienced the MERS(Middle East
Respiratory Syndrome). During its outbreak and proliferation, citizens tried to avoid its
potential infection among people. One of its responses was to take less rail transit. This
study is aimed at identifying the impacts of the outbreak and proliferation of MERS on rail
transit ridership by employing and analyzing the ARIMAX(autoregressive integrated moving
average with external factors) modeling, based on daily rail transit ridership. Analysis results
demonstrate the time, size, and durability of people's response for the MERS. First, the
response time for the MERS's outbreak is differentiated by travel purpose. Transit ridership at
the afternoon hours decreased right after it occur. However, its decrease appeared when its
proliferation become severer. Second, the reduction size in rail ridership was biggest when its
number of infected people more increase. Third, its impact was more persistent at the
afternoon hours than anytime else, even though it was not everlasting.
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Table 1. Summary Statistics

Before MERS outbreak (obs.=869) Since MERS outbreak (obs.=257)
Variable Mean‘ Min Max Mean‘ Min Max
/Proportion /Proportion

o Daily Ridership 6,132,045 1,945,230 7,711,949 5911033 2367967 7557291
0]
g AM Peak-Hour

)

5 (07-09) Ridership 898,492 17,614 1,305,204 869,337 128978 1,248,042
0]

3 - =

=  PM-haur(ls-lg 648105 292772 918,067 618506 352071 944181
S Ridership

o Night-hour

=N

= (20-24) Ridership 1,041,623 346,563 1,395,570 989,256 403,047 1354401
= Holiday 0.024 0 1 0.027 0 1
5 = Sandwich Day 0.013 0 1 0.004 0 1
3 e Myungjul 0.018 0 1 0.016 0 1
j_r'é Before Myungul 0.006 0 1 0.004 0 1
2% _After Myungjul 0.006 0 1 0.004 0 1
:i"’ Day of week 3.999 1 7 4,012 1 7
” Monthly event 0.250 0 1 0.362 0 1
Note: All independent variables are dummy; Day of week starts from Sunday; Monthly dummy is January, July and August.
T Ol8AK7E HEs B ol Hik= Hrh o] 5 AREE 7ksdo] =7] miEolth
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Table 2. Statistics of Alternative Models
Daily AM Peak-Hour PM Hour Night-hour
ridership Ridership Ridership Ridership
ARIMAX model
(p.d.g) 210 (012 210 (1Ll
AIC 24525.29 22349.94 2107344 21712.88
BIC 24601.55 22426.2 21149.7 21789.14
Portmanteau test for white noise
Portmanteau (Q) statistic 0.8396 1.8547 0.4287 2.2253
Prob. > chi2(1) 0.3595 01732 0.5126 0.1358
ARIMA model
(p.d.9) 210 (012 210 1LY
AIC 27013.72 23621.6 22508.11 23691.63
BIC 27032.78 23635.9 22527.78 23710.69
Portmanteau test for white noise
Portmanteau (Q) statistic 0.4783 0.249 5.7866 16.3332
Prob. > chi2(1) 0.4892 06178 0.0161 0.0001
OLS model
Adjusted R-squared 0.9364 0.9509 0.7561 0.9034
AIC 24491.99 22412.44 21106.9 2177941
BIC 24553.97 22474.42 21168.88 21841.39
Portmanteau test for white noise
Portmanteau (Q) statistic 125.2020 39.4203 295.2747 118.9147
Prob. > chi2(1) 0.0000 0.0000 0.0000 0.0000
F QUtE HsuE o8 Zhe & FAaA0l de v, Zal H|me} sjA
g F= A2 BE Q0gle & 4 ok Wl 5
A BAZIZHIO 123} 78, 889 QOIS UENE  mE AuE ARIMAX FES Besio] m2as
o] olgd FAHQl daks FH, SAFCE |9 wik9o15E 59 20Q) o|FERE FE Jhssh F2
3t 201649 1€ 317K HZ OlERKE oZs6t
QY F71A giloile dd FA olSAkEet , T1 AEXQL HlugteEA T Sato] AEe} af
HAIZHY O]8A1le HsolAls &4 710l ded S ATHEAA} ST WA, 220 Wi St
HU} B2 o8k S/ e, 297K OlF AWE TRVt Rtk Ol Soio] olEX|et
A 7t EQYols Zadshs F718 WHso]  AFXIQ Aoyt oje ofist JHAdo] = KRS
eSS ¢t 2= It} HHHo| ECESE &2 A)ZH|Q HE 4 A}
QA FFAE QYo olgxkert 7hE Bal, A
Ao dhske WlE MO oPlh 5 5 1 22 weat 84 30
o] QAME sh=o] ZBH ©F AZHI0= 209
olgo] the Fdof visio] 20 H& =11, €Y F|E0 gt g A7l 229 A AFIA
W 3RY Hrh Qi 5999 ojgo] Tk = Al 12)ska, 100 AR} Fxe Wl
g2 & 4 Atk 6 102317, WHO 5 ZFAITH] =hfjgHso]
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Table 3. Analysis Results of ARIMAX Models

Bl iclerehip AM Peak-Hour AM Peak-Hour Night-Hour
Ridership Ridership Ridership
ARIMAX(2,1,0) ARIMAX(0,1,2) ARIMAX(2,1,0) ARIMAX(1,1,1)
Coef. z Coef. z Coef. z Coef. z
: -71.0 -66.2
Holiday -2229746  ** 6 -776328 ¥ c -39456.3 ** -6.08 | -350039 ** -452
Sandwich -454251 ¥+ 574 | -96476.2 ** -226 | -423724 ** -645 | -761344 ** -318
Myungjul -3708361  ** _79'(5) -805525 _49'(5) -272267 ** -389 | -622704 **  -70
Before Myungjul -617100 * -74 | -161782 ** -291 | 4411278 ** 644 | -275887 ** _llzl
After Myungjul -695939 *+ -752 | -732949 ** -163 | -95010.8 ** _ll'g -135174 ** -316
Monthly Event -398574 **' -883 | -562279 ** -282 | -397904 ** -6.09 | -63643.1 ** -751
Monday 2777416  ** 71.26 979533 ** 6297 | 35556.52 ** 756 416911 ** 4198
Tuesday 2890941 ** 66.74 | 9675741 ** 433 | 4646091 ** 751 | 456680.1 ** 4357
Wednesday 2927065 ** 76.65 | 946690.2 *** 43.65 | 56821.64 ** 929 | 4664395 ** 50.15
Thursday 2936250 ** 72.07 | 943651.2 *** 4575 | 5018839 ** 794 | 501328.7 ** 527
Friday 3240607 ** 7319 | 9196102 *** 431 | 9534827 ** 1526 | 5765415 ** 6212
Saturday 1711700 ** 4641 | 1715862 ** 16.1 | 2312305 ** 3968 | 2617403 ** 3372
Constant 1025.785 0.15 | 16.26087 * 0.05 | 96.67602 * 0.08 | 28.64481 0.24
ARMA
ar.L1. -0.62052 ** -345 -0.39408 ** -14.7 | 0.191931 =** 79
ar.L2. -0.31943 *+ -13.8 -0.24611 ** -10.2
ma.L1. -0.76503  ** -34.7 -09704 ** -878
ma.L2. -0.18665 ** -7.94
/sigma 3244404 ** 65.06 | 92573.99 ** 5841 | 44426.66 *** 563 | 64129.07 ** 8422
Model Statistics
Log Likelihood -12246.65 -11158.97 -10520.72 -10840.44
Wald chi-square 33280.67 22225.53 7535.08 24981.14
Prob.>chi2 0.0000 0.0000 0.0000 0.0000

Note: * p<0.1, ** p<0.05, *** p<0.01; Reference group for the day of week is Sunday
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Figure 5. Proliferation Trend of MERS



T8 62 ofF 30 WA tIEnE Ol8Ak:
9] OIERIZ} AEAE HEL W o]Fo OIS

T2 Aol wisto] olgRle Mo dgke
A Fe HEs B Zow oike 4 ok 1
T2 @4 FF ARIC] olgAkeol theth olSA1R}

ARIZEE Hinlgh Zolt). ol WY ol8Ak: HE

o 2

HoFE J=olth o] Hinl HzA 9 Hinet AEEHE, oAk £49] MEo] FH
o] dhdlo] ZEAFOR o]8AK:=0] Ao geks oAl AR Ol8Aket dERIeke] Rol7t A
ZA L1, 2FARH 82 WK N&HoR gek  dA e & 4 Atk
£ T ASE AHE = ATE HEA] g A SHE, @& H% ARG HEA gk F]=
ol 59 2090] ol 68 FEHHEHER= ARIe  AY dHlnl HUF 55 AP AgE & 4 Urh
HEs 29 R 2Ho) & Z2or Zvist & A ARURE & 3-4F S0 J8e FL,
= AI7] IR0l Zow mlotat 4= Itk 71 ol 7d Hhl 88 &5 Al THA] HEFs
3. @ HEZAIZHH Xt F Zom e o T4 ¥ HE vl
Aot & ¢F o & AL =/ USIEE Al
HE AZE Rz Sd=do] £2it £8 AR Ol HI2A0 Fd) SVl 68 S
So] "ol Edlo] sl AzHoln) Jxege o SSSslAe iEnE olgs ARHoR A}
o
=
S
21 y NJMA/GJMAAAMﬂMHJJJ J
g p
SRR /
z
>
©
©
=
2 g
&g
=
o
3
8 —
&
T T T T T
© = 01jun2015 01aug2015 010ct2015 01dec2015 01feb201¢
Date after Mers
Actual —— Predicted
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