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Abstract

Since the introduction of KTX (Korea Tranin eXpress) in Korea reilway market, number of passengers using
KTX has been greatly increased in the market. Thus, demand forecasting for KTX passengers has been
played a importantant role in the train operation and management.

In this paper, we study several time series models and compare the models based on considering special days
and others.

We used the MAPE (Mean Absolute Percentage Errors) to compare the performance between the models
and we showed that the Reg-AR-GARCH model outperformanced other models in short-term period such
as one month. In the longer periods, the Reg-ARMA model showed best forecasting accuracy compared
with other models.

Keywords: Taylor’s Holt-Winters model, Reg-ARMA model, Reg-AR-GARCH model, MAPE, KTX Pas-

senger.
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2.1. Taylor?2| Holt-Winters A|4TE&23H
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Se =Y — L¢) + (1 — ) Se—s,
Fiyn=Li+ Tt X h~+ St4n—s. (2.1)
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o
Li =« (th — St—sy — Dt752) + (1 — Oc) (Lt—l + thl) ,
Tt = ﬁ (Lt - Ltfl) + (1 - B)thl,
Sp =7 (Y = Lt = Dims) + (1 = 1)S1-s1,
Dy =6, —Lt— Si—s,) + (1 =) Di—s,,

Fiyn=Li+Ti X h+ St4h—s; + Dith—ss. (2.2)

4 (22)2] 27 4] (23)2] AE Foho] Lherdy.
Lo, =2 > v
s1 — ; ty
L=+ >y
so — S2 ty
1 2s1 s1
TSI = 872 Z }/t - }/t> )
t=1

t=s1+1
1 2s9 ED)
T =2 ( > ov- Yt) :
2 \t=so+1 t=1
51:Y1_ley---7ssl:Ysl_le7
Di=Yi—Lay,...,Ds, = Ya, — La,. (2.3)
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2.2. JHI®3 ARIMA(SARIMA) 2%
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1260 In-Joo Kim, Hueng-goo Sohn, Sahm Kim
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2.5. REG-SAR-GARCH 2%
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Figure 3.1. Time plot for KTX Using customer in Busan, East Daegu and Ulsan stations
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Table 3.1. Estimates of Taylor’s Holt-Winters

Parameter Busan Ulsan FEastDaegu
Level(a) 0.03565 0.00112 0.01359
Trend(B) 0.00015 0.25630 0.02013

Seasonall(y) 0.02303 0.26593 0.00000
Seasonal2(9) 0.19512 0.28397 0.50399
Autoregressive(e) 0.60814 0.57629 0.35638

Table 3.2. Estimates of REG — ARIMA(1,0,0)(1,0,1)7(1,0,0)364 in Busan

e 27 x=F2a p-value
I 40111.0 1224.5 < .0001
O7 0.54895 0.06073 < .0001
b1 0.71095 0.02413 < .0001
(o 0.81348 0.04208 < .0001

D364 0.29487 0.04551 < .0001

IBHoliday 8853.0 793.8 < .0001
BFriday 14366.7 849.9 < .0001
Bsaturday 21331.2 958.5 < .0001
ﬁsunday 20608.1 843.2 < .0001
Brestival 20642.6 1212.7 < .0001

Table 3.3. Estimates of REG — ARIMA(1,0,0)(1,0,1)7(1,0,0)364 in East Daegu

24 =Rz xEx p-value

I 42587.7 854.8 < .0001

O 0.58952 0.05651 < .0001

b1 0.52812 0.02911 < .0001

(o 0.83980 0.03801 < .0001

D364 0.31977 0.04581 < .0001

BHoliday 4120.5 853.3 < .0001

,Bpriday 15982.6 940.3 < .0001

Bsaturday 19332.9 1034.8 < .0001

Bsunday 17338.2 925.3 < .0001

BFestival 23468.3 1109.2 < .0001
formation criterion)”7} H4<Q Egoz A=Yt AICE nEst HZF 23 39 2F 5¢
A ARIMA(1,0,0) x (1,0, 1)7 x (1,0,0)364 2 UERGTE Axle] SHAHL HojFe TETE 7
7 (Portmanteau test) 23 0.012t} 7 Zaks Ateld] ZHALS =319, 39 ZE 259 p-
valuets 0.055T} Zto} FoJ8tA] Ut o] w 7+ A o] mpe} Bk o] o AL Ry 2=

=

o]
Table 3.2, St 92| R4-F A X]&= Table 3.3, 2499 24 A X+ Table 3.49} 2+
AR-GARCHE YN E 5de SHWsE ARSst] AIC7F H 40l Bye AH
2E 59 g7t 239 AR(1)(4)--GARCH(0, 1) E¥ o2 Yepgon, U792 2 5§ W47}

12¥ AR(2)(4)7-GARCH(0,1) 2322 Uehgdth. g4t Z5Y M7t ST
JoZ AR(3)(3)7-GARCH(0,1)2g o2 Mes ). o]o] tigte] ReFA &=
3.77% 2t}

Table 3.5 ~ Table
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Table 3.4. Estimates of REG — ARIM A(1,0,0)(1,0,1)7(1,0,0)364 in Ulsan

In-Joo Kim, Hueng-goo Sohn, Sahm Kim

2 FA3% EFA p-value

w 7631.0 405.9 < .0001

o7 0.77471 0.02479 < .0001

b1 0.50719 0.02956 < .0001

o2 0.99147 0.00694 < .0001

D364 0.37589 0.04804 < .0001

BHoliday 819.6 203.7 < .0001

BFriday 3169.1 350.8 < .0001

Bsaturday 3926.4 375.7 < .0001

BSunday 4339.8 334.8 < .0001

BFestival 3514.7 285.2 < .0001

Table 3.5. Estimates of REG — AR(1)(4)7 — GARCH (0, 1) in Busan
EES Z=A 7k EFex p-value
m 40187.0 1095.0 < .0001
1 —0.72860 0.02464 < .0001
P7 —0.32310 0.04324 < .0001
dg 0.25510 0.04157 < .0001
(S —0.17530 0.03944 < .0001
P15 0.15000 0.04234 0.0004
Pog —0.12850 0.03753 0.0006
ag 154072 0.17012 < .0001
a 0.20410 0.04380 < .0001
BHoliday 8456.0 631.9388 < .0001
Brriday 14439.0 1092.0 < .0001
Bsaturday 21167.0 1050.0 < .0001
BSunday 20303.0 922.3 < .0001
BFestival 21824.0 1160.0 < .0001
Table 3.6. Estimates of REG — AR(2)(4)7 — GARCH (0, 1) in East Daegu

2 FAY REEA} p-value
I 42832.0 1097.3 < .0001
b1 —0.60932 0.04272 < .0001
P2 0.07243 0.03353 0.0304
P7 —0.33408 0.03352 < .0001
Pg 0.20748 0.03868 < .0001
(3P —0.17178 0.04257 < .0001
P15 0.12653 0.03688 < .0001
Pog —0.06612 0.03378 0.0499
o 154416.8 0.21708 < .0001
a1 0.16052 0.04832 0.0009
BHoliday 3913.2 652.6 < .0001
BFriday 15576.1 1002.3 < .0001
Bsaturday 18704.3 1112.1 < .0001
BSunday 16561.8 966.6 < .0001
BFestival 23710.3 854.1 < .0001
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Table 3.7. Estimates of REG — AR(3)(3)7 — GARCH (0, 1) in Uusan

2 FA% EFeA p-value

" 9158.2 394.9 < .0001

é1 —0.58320 0.03558 < .0001

b3 —0.08211 0.02767 0.0030

O —0.31729 0.04071 < .0001

Dy —0.19068 0.04482 < .0001

D15 0.10631 0.03860 0.0059

Do —0.10272 0.03782 0.0066

ag 892627 0.28219 < .0001

ai 0.25349 0.04709 < .0001

BFriday 3515.1 239.9 < .0001

Bsaturday 3721.0 260.7 < .0001

Bsunday 4187.2 250.2 < .0001

Brestival 3648.1 310.1 < .0001

Table 3.8. MAPE of the models
s BT <2+
AR— AR— AR—
MAPE HW ARIMA CARCH HW ARIMA CARCH HW ARIMA CARCH

1MONTH 6.399 5.319 4.592 9.167  5.453 4.839 8.249  5.258 4.832
2MONTH 7.612  5.359 5.631 10.734  5.473 5.813 8.588  5.292 6.180
3MONTH 7.642  5.451 6.256 13.332  5.609 6.212 8.725  5.452 6.396

3.2. 239o| MsH|w
H =FoAEs 2o o= v2E $3] MAPE(Mean Absolute Percentage Error)S ARE-3lom,
°l& (3.1)3 Zo] A=t

1 n
MAPE = - Z

t=1

Yt;Ft x 100(%). (3.1)

Table 3.8 Z+ 232 Multistep-Ahead Forecasting ®H o E 2013 4YHE 690 thdle] o=
< AAEATE 2013 4 ¥ 195 2013 9 69 30¥9 sliFs= MAPE gog &% 19 719
952 REG-AR-GARCH 23] MAPEgto] 4%, Sth, &4bollAl 3714 23 F 71 AA
Bhdch T2y 19 o] %] oS HE=REG-ARIMA 23] 718 22 MAPEgLe] 71 ztol 7]
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Ale BEFoA 32 e Y WeE uHs 2o o FoA o H3E Zler fFdHrt. Figure
3.3914 Figure 3.5= AAg 7 299 A53ke vehd 2efjzolnt.

2 =RolAe AAE 8e Ol%'}oﬂ —‘?—4‘}7 BT, SatdoAe] KTX o8 o 2=l tfsf 37§47t
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