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Abstract

Purpose - This study attempted to predict short-term transportation demand using trains and getting
off at Gangchon Station. Through this, we present numerical data necessary for future tourist inflow
policies in the Gangchon area of Chuncheon and present related implications.
Design/methodology/approach - This study collected and analyzed transportation demand data from
Gangchon Station using the Gyeongchun Line and ITX-Cheongchun Train from January 2014 to
August 2023. Winters exponential smoothing model and ARIMA model were used to reflect the
trend and seasonality of the raw data.

Findings - First, transportation demand using trains to get off at Gangchon Station in Chuncheon
City is expected to show a continuous increase from 2020 until the forecast period is 2024. Second,
the number of passengers getting off at Gangchon Station was found to be highest in May and
October.

Research implications or Originality - As transportation networks are improving nationwide and
people's leisure culture is changing, the number of tourists visiting the Gangchon area in Chuncheon
City is continuously decreasing. Therefore, in this study, a time series model was used to predict
short-term transportation demand alighting at Gangchon Station. In order to calculate more accurate
forecasts, we compared models to find an appropriate model and presented forecasts.
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FET Aqulse) 8- 3w 3BTRS 2Esa, *}‘ﬁ—ﬁr%‘c’ﬂ dag A=k 24 9 5544 #elol
25 5= 9l7] wiEo|th(Zhang et al., 2020; Silva et al., 2019; Palmer et al., 2000). 1% #3448
d&at7] {1k el A= *JEHX—L‘-’—?— %{3% ‘3194 2714 & %@é Fal JoHBi et al.,
2020). AR BFAE dejste ATA AN BFAZ FAHE DTSl #3A {FAE
A H71A Z2 Oy 7HANA T AFrel ddHor 83 F o] BB} B AR
Aol ek e ]—’T‘B-‘ﬂ]é% F 938t (Pan and Yang, 2017). aHoll® &7fR A ] )4 g oS
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EF3 AT A A, A171FH 0] el Eolof dth(urSE - oA 3] - o]WlA, 2015). ©]2]dt =S 9%
e F7| A<l W (Quantitative technique)® 432l W (Qualitative technique) &2 -5
=, Aol wEt AFEA ] s ARA Wi F9Hed e A¥ske A (Comnined
technique)o] o] &HATH(F 44, 2018; &7 - o3l ¥, 2018), AlF7IHL #A] FA7} vl JFF

& PG e Bl s 2% BT F sle ARAIn AFEA FE ol E 5
sfobe 4+ Q1 Wl FEHR(0157], 2011), AREe] BFo) mhE FANSHE AR AAGEAS 5w
B P P R I @Hous Fol ek - o143
relsh, 017, W, B9 AL SPlel ARE LT S vl 2 Wat uge

o= o= J—F/%El“ 87472l W o2 (0]F7], 2011), the] ’\ME]Q.% 7Hgate nlEgs 53t
© AluE e s Aevt oas 24 % 3 elSste duto]7|y, ZAMNGS] &9 Hewg et
of AFe] ¥k o Sate FARRIE 7Y Sl 9,13}(5"47}"3'0]7514 -frelsth, 2017). 28l Ag7IHe
A=A gHA AH7HI A A fﬁEHPJ 7R oltH(Ee7 - ol3l|7], 2018).

B ATE AEGAA Ak @Ikt FEr s dEstat ol 9akE o83 TS

< AANE FAE & AAA] FFFa HoHE EEH:?; e s &t Aeddda 1TX-A

FHAE o] 83t oA daket 1€ 2014 A7 507,577, 74 183“1‘0]0;1%]‘{}, Sydo] A
20196l 242t 213,916, 31,4987 02 745k odrt, olefet aFAIZE A&d 9, BFEH A=A
AEAG] 2E7L EEn webs B A7e AAGRA S Aol FEdd st el da
& FAH Ams AAstLAt e eick

AMALEA L HA ] dA&E AAE A= &%ﬁé%ﬂcﬂ &3l o]F B dH (Moving Average,
MA)F HZ AIHLFS o B2 7HAE Fofdte] 37 35 s AFH R Vs Hdste] ndsas

-ﬁ ]IEE

AZehe AR, Teln WAl AN el s Alel ARel FE5E A21HARY
(Autoregressive, AR), 4718 ALY} o FHEHE Asto] MehE ol55H= ARIMA 59 o] 9leh,
oleld AAY AR A7ke] E5ol we WAE Amst FAY Aow ALY FAY, F7), Bt

o AAA 3984 FAHY, BEreet 22 hFEEY AAE AuE AEAEAS Adh(Vatsa,
2021). AMAIE B4 ol2d AAIGAETE 7H Bt WEe s AEste] Eellshke AoRA A%
< FFerd T F oA By alFeR v AAdS X—V*EPh FHgolct.
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E 3712 W] EAe AAA Aol dZAE NS d H-83 FEEHABE A,
2012), olejs ARMARZ S A5BERY} o] 7] B2k Ao B2 8 ghol o e HFL
F7) witol @]l o Ags BHolet & & itk 53, A5BBRGel w3 w1 22l
7He gEdow g3d 4 guie Ade AUz oA E - ukta | 2022).

Hehd 2 A7E @RATN AT FE5R BAARE BLT AAIRAL AAFAoH,
ATEA L G5 S8 me) ARwE vt Ao AAD RPow P2 WrEras

o= - A NG A B3,

L

1

BEA RS A7 A& k] on|AE Ad WFA2 2&H o] shovt, Al 553} Wizt w27
thahA] kA o) 3g 2 o] P asty e AFold. ol AFelM A& B
B }% w3l 2ol DSkl AAE ol 8T AR FAT o] A olvlAE 353
of AAF BAFATIE B T SR wmolE £ k. FRE drom Hoshs A wed
SR %J_EC’ olu A7} ol AL, HIAAE HEF o] 88 FEo R AT ouA|= oAl 37
o]t

dold AFohe 20149 19058 20239 8974 BEel A o)
S PE(AEFNAE, TXAEDDE FEte] 2ol B/155508 d5stas sl
Etje 5 3EA9E gt ditol§Ae] £o8 dZstn BPRAAN FEA G B
g JAvtAe] Bag ARG AN et

A, AabE ol§F FEY PEFavs @ 54 Aun] g5 FEeA] A 54 5
e (Fig, 13} 2ol thehdth 20149 %E A&Hon s Ao A, o
3 gReog sle) BEas Aushe Aol Helslglt, JelelE 20259 88 HAZA mErH9
Aol PE50E £AF HRAAE R Jow o] BPARN FEAGCR FYske By

b 0 ofy
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Fig. 1. Changes in Passengers Getting Off at Gangchon Station
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ae3 adEE Fol dashs FAE U3 Qo] FA8E 7h A HH, i 5Y)
1099 £65707} 7V we Ao veht A998 7k AR2 Selseleh. ol & A7E 2449
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A2 gholl e 7}?;74— ATHERE 8] - o] A ] - o] 714, 2015). o714 B 3
shol A7k 44 BBOAE AATOEA WG YIS FAT 5 YEF FHow B AL
BR8], 2020 0137, 201D, AR kb BASE ERoHe ped e
S(Brown) A5RRRY, 271e] BRAFE Teste] FAFeE sk SE(Ho) A5PRRT
3ol BEAFTE FA L AL FeE Ages Q8 A(Winters) ARG o] QTk(7 44, 2011).
el B 008 Bestel A8 sk FEGON A5RERYE 3
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age)R¥ 5 M4 B3 ow FAEN AIAYE AETE 4 ARFI ] e wsAdo] vehka, AAE
o] FgdRe] FEA ALY e AEF F¥e] e Af dEHE Rdo|th(Box, Jenkins, and
Reinsel, 1994), AAIE Z7} AiAIEAR 548 7AW (p,d,a42 538=1, A-dd 54§ Hod
(P.DQE T35t F7] s¢l ARIMARE S ARIMA(p,d,q)(P,D,Q)s = E&3IT}, o= o}ol
2(2)7 2o Py mgog ehd)

¢,(B)¢,(B)(1-B)'(1-B)"Z
= 0+0,(B)O,(B*)e e, ~ iid N(o,07) (2)

01714 ¢(B)& BIAZEE A713AAREY, O(B)= AZF A713AAREE, 6(B)= vAZE4
olgHTMA)EY, O(B)E AHH olgHT(MA) LIS 53ich,

Box-Jenkinst= ARIMA R4S F5317] $1§ 371 #A o] =218 (Fig. 2)¢ #Zo| AT,
$AHezE AAYE ARE dAFVIE TRIGS u, & FUo Ha L Fite] <A FHA
(stationarity)& FZ3of stc}, wheF A4S YeEA] @& A%, S B3l Fe DEAIACk
sho, 283 AAIEY F3d 7HS S8R 1] fldE AlAIdE RS} AP 2gEE
gelste] A & A, F4F 55 gRlalof stk B3 o] A A= AAIE AR B 3k Abolell
ZA5l= ABRAAE 24817 Yl 2713 (AutoCorrelation Function, ACF) 2 #1713 #3H4
(Partial AutoCorrelation Function, PACF)& ¢]&3te] 39| pso} & ZAAsit), T8|a R3] A%
A AEaA oM 43 AleE AE3] A5, B¥ o JadAod FHndo] EAF g HH3A|
ddste] 71 Adet BYS 2E wrhA] A, 34, 2P JS wHEH o2 Aegsfof it} TEal
HEmFo| AHHH ol &gl nY ] FRE dSFsHs HAFE AXA Hrt. o]2g ARIMARF 9]
FAUHS 2105 A2AFY, vE2AE HAAFE, H9549Y 5 VRE TS 5 ey, M
A3 A2 2] feiMe R de 9 madek ¢S ok sioh(uhS3] - g - o] A 3],

2020).

s

Fig. 2. Box-Jenkins ARIMA Model Construction Flowchart
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3) 2HO| M3t A

ol

2y AL E vn - BXHY ol MAPE(Mean absolute percentage error, At Ht Q. 2H4]&),
RMSE(Root mean square error, 31 Qx}AF), MAE(Mean absolute error, B Ao 23}) Bo]
AT}, dFxH(Forecast error)s I EE AAsI=H, 237 A254E =2 A= E Yepdo. 314
Tk RMSE, MAE W& 215 A G &2y ] Ao s AelR] E3ke AV o3
A -8hu)al, 2016). ¥HH, MAPES AlEEY 7 &3 v]art fosta A&yt ks 3ol gt
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3], eate] Jg WEER TlEdte] SRy e Aoms AslFiL, dErasch &2 5g dl
Jeet mY QIR ARtk ol 83 Frhes A 9l A

MAPE®] k& 10%67]%k) 73, o] 233t &, 10% < MAPE < 20% % 7% vlmd 483t o,
20% < MAPE < 50% 4 3% vlad] Fel2el oF, 50%E 2948 39 #4%3 oo 2o
webA 2o AP Jrhe 218 B AT olA= MAPE & wlmate] AlAstaat asict,
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RS %Eﬁi\— PR o] A (R?)E 34.4%, FoEE 6322 WS (98} ’\H{r%{rﬁ]ﬂ
glgol SelEAT, E2 SHEY APH(RY)S 65.5%, F2I3HE 3212 WAR(9AE) ] Fad
A7 = He= l/}E]—‘/"E‘r a3 A t3kE BIC(Normalized Bayesian Information Criterion)i=
e 7R o] 16,199, YE A HEF] 15,6072 sHEF ] ¥ W $£X& Yehdth 18|12
MAPEE |2 7PHREF ] 10,537, 92 SHEF ] 8.0282 Ueht} sHEF ] O W 3hs Ve
ot ol APE FAZFE vuPys u, dH= SHEY ] dEXE FA3H] 8l 7PHEE o vl
o Age AAIE 2 Ao ERIHAT, 28a AE X AFHERYP Y B gk (Table 2) ¢} 2ol
Ueht AdaE B&2o] vzl Y= 7PHEES a =410, y=2.037 X 10°, §=1.000% ), =2
rdz Mygo] IR, YE 2 FHEYPL a=.375, y=.063, 0=-2614 uf, FHo ndz X4
He Aol AL

ole] £ A7+ YHE $HEES AFHLEEY Y HF dSEF o2 AdstaL, 2024'd 1297149
HNFEFa dEFAE AASLAL S5

Table 1. Winters Exponential Smoothing Model Statistics

model R? Stationary MAPE Ljung-Box Q
BIC statistics df p
additive 344 16.199 10.537 12,618 15 632

multiplicative .655 15.607 8.028 16.957 15 321
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Table 2. Winters Exponential Smoothing Model Parameters

model Estimate SE t p
a (level) 410 064 6.356 .000
additive v (trend) 2.037>< 106 014 .000 1.000
0 (seasonality) 1.000 149 6714 .000
a (level) 375 058 6.470 .000
multiplicative ~ ~ (trend) 063 027 2.299 023
0 (seasonality) 2261 075 3.489 .001
2. ARIMA

1) A=zol gdd

Box-Jenkinse] W H&EE AAIE AF = A4 (stationarity) & HAZ 3T}, 8174438 Kol
= ARE FAY A-AES YeRE AAE XPEE 5% Aot WES skl 2= E Hlr
olg)slt A9} A-APo g ¢lst Ao Felem, 2} (Difference)d AAxHE(seasonal differ-
ence)S XSS THYZE MAGSIAT|E= o] AwrHott, AEE Al & Hi FxAE V|Fe=R
A et sto] wHEAHQ] FuUE YefH AAId 2771 A E YEllE AR 5T 5
ATt

2 A7E d A5 A4 o455 &
HAEHTX-HE) 9] AAIE A glst

O

21817] $18) 20149358 20239 897 D S5 A (AE
3}, (Fig. 3)¢] 9% 2#xe} gol, Wit PEAE Eoe
98 o, AP AUE wol P o] FUTT, olo] AR 14 ARR(=DE A, 2
A, (Fig 3) o 08% Tejme} 2o] %A 7 w S5 RolA tho} Are] Hiro] A

[e]
1=3
2 Uiz glee Ao S 4 glrh

oo

Fig. 3. Original Time Series Graph and Non-seasonal First Difference Graph
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S VA 1 A o] A7 4RGRACH S Akt A, (Fig. sk o] Bbahe
FAZE A SEARE, AVIRES B 1240349k 24403 A7) 3RS Zstol ik AR
ow BEHm, 124030} 24413ke] A7 4RAGIE AR ashe Aol FlEget. ofol A4
AR(D-1)2 F7H4 o2 APatgct,
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Fig. 4. Autocorrelation Function(ACF) of Non-seasonal First Difference Data
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Fig. 5. Non-seasonal/seasonal First Difference Graph
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022 AL FUE UGN - FAT, D12, (Fig, 6] A/WLTLE sl A3 194
3 Astol g SISt 4 S, ool SIAAelN B4 002 AtkH JHE Melw gich, o]
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53 A REe dFshs MA(L) R0z =18 2dT 4 Jot. 2e]a Ardagaee] Ak
120014 21Z)8}st vto g E&4 2uto]ar) ERl=o] AFF Fio] MA() B3oz Q=15 1T
T St Jal A7) 32T (PACE)E A EH | AR} 194 F318 2=3o] a7} SRIEQI L, o]Fo
A4 02 AuEE FHE Ho|x o], uiAIEE i P AR(l) BPoE p=1g 18T
T U II}EW B 7= ARIMA(1,1,1)(0,1,0)12, ARIMA(1,1,1)(0,1,1)12, ARIMA(0,1,1)(0,1,1)12,
ARIMA(1,1,0)(0,1,0)12, ARIMA(1,1,0)(0,1,1)1,9] 57}A] B8 183}c},

Fig. 6. Autocorrelation Function (AFC) and Partial Autocorrelation Function (PAFC)
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3) 2ol &7 W T

= =L

ARIMARE o] H@st 245 ZA37] 23 <588 Yehll= AatslE BIC 3t Ljung-Box B-A1%
< g3kt AtshE BIC #67% Ljung-Box Q A% #to]l Y&rE ¥ AYPwrt srhs dHs
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Table 3. Identification of ARIMA Model

Stationary Ljung-Box Q
[ R? MAPE
mode BIC statistics df o
ARIMA
(1.1,1)(0,1,0)12 173 16.446 11.882 21.226 16 170
ARIMA
(11101112 .208 16.459 11.623 14.545 15 485
ARIMA
01,101,112 197 16.418 11.915 13.540 16 633
ARIMA
(1.1.000.1.0)12 115 16.460 12.553 25.503 17 084
ARIMA
(1.1,0)(0.1.1)12 154 16.469 12.124 18.851 16 276
Table 4. ARIMA(0,1,1)(0,1,1)12 Model Parameters
model Estimate SE t p
Constant 108.502 123.131 881 .380
Difference 1
ARIMA(0.1,1)(0,1,1)12 MA .Lag 1 508 .085 5.990 .000
Seasonal Difference 1
MASeas | g1 293 101 23887 005
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ag)a HAAAS} dESAE EUE 7 ORFe AHAIAHS Huds o, dH: FHEIY
ARIMA(0,1,1)(0,1,1) Bt} AA Aol o 77k AAghS Jebllet, meba] 35 2 AFox] ArjE
FAH AR5E E&E BT, dHZ SHEYC] ¥ AP €82 7 UEs Aot
Table 5. Transportation Demand Forecast Result
2022 2023 2024
winters ARIMA winters ARIMA winters ARIMA
month ol mutph 011 2R il ©1,) 2 muiph (01,1
cative (0,1,112 cative 0,1,1)12 cative (0,1,112
1 11,787 12,018 11,765 12,341 12,745 12,940 - 12,714 14,172
2 10,478 11,852 12,530 13,258 12,340 12,049 - 12,651 14,754
3 12,152 14,931 14,879 18,533 16,612 14,920 - 16,616 19,260
4 19,471 17,529 18,293 21,585 23,351 23,375 - 21,588 23,482
5 23,621 21,059 20,401 23,503 26,484 25,985 - 24,936 25,969
6 19,971 18,765 20,218 20,477 21,535 21,773 - 21,378 23,062
7 19,544 16,912 20,007 17,731 18,896 20,916 - 19,065 21,164
8 18,048 19,737 20,871 20,571 19,538 18,719 - 20,585 23,096
9 19,681 18,160 18,090 - 19,483 20,486 - 19,959 23,395
10 23,513 24,049 24,362 - 24,564 24,912 - 25,162 27,930
1 18,256 17,686 18,797 - 18,363 19,795 - 18,809 22,922
12 13,973 13,481 13,831 - 13,817 15,499 - 14,152 18,734
Fig. 7. Transportation Demand Forecast Graph
——Actual —— Winters multiplicative ——ARIMA(0,1,1)(0,1,1)12
S000 eee.. A4S (Winters multiplicative) - ---- A4S (ARIMA(O,1,1)(0,1,1)12)
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