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Abstract

This study aims to explore the long-term trends and seasonal
characteristics of the overall passenger turnover (passenger-
kilometers) of the Taiwan High-Speed Rail (THSR) from its
commencement of operations in 2007 to 2025. Using 19 years of
monthly time series data comprising 228 observations, this
research employs three forecasting methods for fitting and
prediction: the ARIMA model, the Time Series Decomposition Method
(Winters Multiplicative), and the Exponential Smoothing Method
(Winters Additive). Because the empirical data suffered a severe
external shock in 2021 due to the COVID-19 Leveld alerts, this
study specifically incorporates intervention variables (Inter
venation Analysis) into the ARIMA model to absorb extreme
outliers. The results show that the ARIMA(O,1,1)(0,1,1),, model
with intervention variables performs best across various error
evaluation criteria (MSE, RMSE, MAE, MAP E), most accurately
capturing the long-term upward trend and the year-end p eak
seasonal patterns of THSR passenger volume. This study not only
confirms THSR' s strong post-pandemic resilience and long-term
growth momentum but also provides concrete scientific
recommendations for future capacity scheduling and risk

management through the optimal forecasting model.

Keywords High-Speed Rail, Passenger-kilometers, Time Series Analysis,
ARIMA Model, Intervention Analysis, Time Series Decomposition Method
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Model Parameter Estimate Std. Error T Prob > |T|
LEVEL Smoothing Weight 0. 79966 0. 0406 19. 6911 <. 0001
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Statistic of Fit, Value Value
Mean Square Error 7438440745
Root Mean Square Error 86246. 4
Mean Absolute Percent Error 9. 70001
Mean Absolute Error 54458
R-Square 0. 857
Statistic of Fit, Value 48795. 6
SHcE A 0 Level T E S 0.79966 0 T & = 19.6911 » p-value < 0.000
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PREDICT _LEVEL_ _TREND_ _SFACTOR_
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01MAR2026 1168274 1427588 908960 1198495 3167 0.9748
01APR2026 1206089 1504917 907262 1201662 3167 1. 0037
01MAY2026 1177432 1499714 855151 1204830 3167 0.9773
01JUN2026 1097303 1428715 765891 1207997 3167 0.9084
01JUL2026 1268418 1670084 866751 1211165 3167 1. 0473
01AUG2026 1302033 1734980 869087 1214332 3167 1. 0722
01SEP2026 1186223 1605030 767416 1217500 3167 0.9743
010CT2026 1247421 1706541 788301 1220667 3167 1. 0219
01NOV2026 1207806 1672762 742849 1223835 3167 0. 9869
01DEC2026 1269025 1774361 763689 1227002 3167 1. 0342

B+ = Winters Multiplicative #Al¥ 3 B115#F B4 4 2 2 2 P2 5B

d = v, [15&2% 240 F%EE SAS HASERl B2 TI2G HF » v 3
A (MAPE) 53.17% > ## 5 drecf » H P 40 FpipliEe 2 BT 5E (LAY
0.33%) > B+ % % ~ &g #A5E Rl 4 482 - Winters Multiplicative #-3]5p &
FMAET L LARE > Y AP EHY - ROFSPRAFANE c FRIFFETRGY 0 115+
TrEgFrEEa 0 127 FREEERFE > PLFBERL A SRR EE BB

A2 Winters Multiplicative H-3|:E FRFR B 7)) & 22 3500 > ok J1endpip) > 42

sy

B
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Q38 = SIPNNEED T )7 eSS
Yt+h = (Lt + h - Tt) X St+h712
Bd LTS AW gdgiic T {AT2 kT B2 T H 30 o {A| Skt %

5 a=0.78~06=0.01~ v=0.26-R* B 0.955 5 &7 24F e fiorck o

=. 4p#&* ¥z (Exponential Smoothing Method)

ipdc T F 24 SAS #i#82 Winters * 72 (VWinters Method - Additive) {7
T AT A RSB F A 2L FRarkT (Level) -~ 48% (Trend) £ % &
1 (Seasonal) = 4 o fpft k2 3 > 4 2 A BRF SRS IFRPHE L § &
PR LT R ABEE L BRI

%4 ~ -+ Exponential Smoothing Method #-Z|e %# i3t

Model Parameter Estimate Std. T Prob>|T|
Error
LEVEL Smoothing Weight 0. 97352 0. 0476 20. 4404 <. 0001
TREND Smoothing Weight 0.00100 0. 0070 0.1419 0.8873
SEASONAL Smoothing Weight 0. 00100 0.4078 0. 002452 0. 9980
Residual Variance (sigma squared) 627860310
0
Smoothed Level 1152022
Smoothed Trend 3184
Smoothed Seasonal Factor 1 20675
Smoothed Seasonal Factor 2 -13032
Smoothed Seasonal Factor 3 446. 88503
Smoothed Seasonal Factor 4 3439
Smoothed Seasonal Factor 5 -41417
Smoothed Seasonal Factor 6 -64870
Smoothed Seasonal Factor 7 -12251
Smoothed Seasonal Factor 8 13503
Smoothed Seasonal Factor 9 -32791
Smoothed Seasonal Factor 10 30366
Smoothed Seasonal Factor 11 19093
Smoothed Seasonal Factor 12 76845
Statistic of Fit Value
Mean Square Error 6195989901
Root Mean Square Error 78714.6
Mean Absolute Percent Error 9. 28040
Mean Absolute Error 52851. 4
20

4 ePaper(2026 4F)



(o R PR A A BB S EAT ST )
R-Square 0. 881

SUREE ot 4 > L E A o Level THEEFE 0.97352 (pvalue <
0.0001) » &7 H34 & iRugigp pipl @ L A7k L =4 ; Trend T4 E % 0.00100
(p-value = 0.8 873) » Az 48 % » Agn £ WABF H - 4T % ; Seasonal =
‘?’ﬁi‘“*ﬁ'i 50.09100 - &% @ 2 - #4) R? i 0.881 - MAPE 3 9.28% > &+ Winters “c

AR B A A 2 TR AR Aok o APRCT B R 0 bR
lﬁ%ﬁ P B 15 R AR $HAE e it -
z‘_ﬁ%;éwfr—% 5 oo Bt T

e G

B orWinters Additive #-3)e3giPlzE4 p 4p B Bl & 7
»E

ARk Sl A B “f#’ R Rt SO T

IR TR S TR N S
;%rgl‘aﬁi~ p-value 328 ¥ > 0,05 FFEG R L S kF 2 B B2 BX - BT ARLAE
7 1 ar AR %:Jh’ig"m,ﬁ S poAp Fﬁ? T4 Al w3 feig 7 & (Underfitting)
2B F o R > HR T nZESE 2% & (p <O, 05) s BET B AR B T o 18
FRLERDEA S g

E A R FER
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QS T STYNINE =5 ) 2Rty
Bl 7 Exponential Smoothing Method #&3]=p 4p R B

B+ = Exponential Smoothing Method #-%|éend v t 2 &2 H {946 2 % %

fmiEiEL - Lo 4eB L= ¥ o Winters Additive #73] &115#2°% 14° éh-T
P EE A~ viEL (MAPE) 53.82% > BREFERI £ 245 > B¢ 20 224 £ (2.80%) - o
FERAFREERFTHLAYT Lo B30 7 s ff L 2 ARR (57 2 93,1844 22 )
BEgH g 115#E T L & IR xg_#?r.éﬁ‘:,\w 127 ED B BLFHEL L ESP L2
o

# -+ - Exponential Smoothing Method 3]« g "2 & &2 {3 35 B B+ i

SASH-Z|FRRI & TR BHPAVFEL
115#27 1,178, 337 1, 145, 359 32, 978 2. 80%
115#37 1, 225, 645 1,162, 021 63, 624 5.19%
115#47 1, 210, 082 1,168, 197 41, 885 3. 46%
Tis 1, 204, 688 1, 158, 526 46, 162 3. 82%

# -+ - Exponential Smoothing Method #:Z|e % B115#27% 2127 B4Bat A 2 L 3EpE
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Q=088 S TNANES ST )

01FEB2026
01MAR2026
01APR2026
01MAY2026
01JUN2026
01JUL2026
01AUG2026
01SEP2026
010CT2026
01NOV2026
01DEC2026

1145359
1162021
1168197
1126525
1106256
1162059
1190997
1147887
1214228
1206138
1267075

1362207
1426546
1473106
1467128
1479215
1564839
1621592
1604655
1695798
1711339
1794893

928510
897496
863289
785921
733296
759278
760402
691118
7132658
700938
739258

1158390
1161574
1164758
1167942
1171126
1174310
1177494
1180678
1183862
1187046
1190230

3184

3184
3184
3184
3184
3184
3184
3184
3184
3184
3184

Bl-- = Exponential Smoothing Method #7|3g R4 % &)

23

-13032
446. 8850
3439
-41417
-64870
-12251
13503
-327191
30366
19093
76845
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QS S TYNNEE =) )
#* Winters Additive *cizdpfict FH-3)E FpR] » H B M ERID 250 5 ¢

'H") Lt‘Tt‘St

53T ﬂ‘pi[_"ﬂr#ﬂ‘w 2 %
T2 (Winters 4ei2 $073)) ehigipl 2 > AP ® 5 & fil“ﬁi(RQ)
3573 34 (RMSE) ~ T35% %% (MAD/MAE) %2 L3535 ¥

BRIEGFIEE R o

R =

MSE (357 3%4)

AR ST

SERESulbl i S AR S
A fEct S 5T Level TitEERE 0.97352 -
Trend T £ % 0.00100 (AF gt wTy) -
APE % 3.82% > & & 4F eI IERl 4 o
¥I % FFREE R

ARIMA #53] ~

0. 853

BRI B 5 A 2

MG 2 0

RIS A

0. 857

PERE B 5 A fAix

CABR S A B EE AL o f
BN R R T R
74 R® i 0.881 5 M

(Winters 3% #3]) 14,8
~357 24 (MSE) ~
#E AL (MAPE) ¥ 558

0. 881

5, 762, 878, 227

7,438, 440, 745

6, 195, 989, 901

RMSE 75,913.6 86, 246. 4 78, 714.6
MAE/MAD 48,795. 6 54, 458. 0 52, 851.4
MAPE 6. 567% 9. 700% 9. 280%
115+ 2-4 % “& 45 57 RIMAPE 4. 85% 3.17% 3. 82%

BT R BT o Bk BT i A ERERCAl fAf 1 A b & (R 20.881)

PERY B 7 A 32 s AR5 E 2147 cepIpipl Y d5 BdF e B & (MAPEE 3. 17/)

b E EUFM A TR R A kg 0 ARIMACO, 1, 1)(0,1, 112 #F w““lq = F A~ TR
(Pulse) &rrsf (Step) 4 » Bk e g ) FFodg= 68 > @ 2 4 MSE (457.6%)
RMSE (75,913.6) ~MAD (48,795.6) 2 % & %8 n MAPE (6.567%) % % & #ﬁﬁﬁ%i#ﬁ &
PEZATEP ERRGFEN IR Y ENBBEERE LI AFEL ST 2
BIZVF 48 B A~ oD 4 o0 ARIMA #0310 5 »2®8 B F EF 3 - R EFHFLA
P B AR ok o TR AET ] MH PRE S TR B AR A 2 2 S AR B PER A 5

FIF BmEER

— Fi &%
AT EEA AR 96 £1 114 EWF e A 2L e FOR 0 @ AT
BT R B PR A

. EPfEzsLsd Add
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QeSS IYNNEE= ) 2B
BARAE A D2 RORAETOMM T L ARR > TR B K4l 2,576
33184 FA2ER T 115 ERlAS B kg EE VAR
o bt T ANMBE BFISKT R BT BAGE 19 EayiE
AERERFROLRSLFN > B2 AR 22 4o
2. WA ehERFEERLE
%iﬁ@ﬁ%%%ﬁ&%%ﬁﬂi%ﬁ%ﬁrﬁoﬁﬁm 19 5 gs |
B4 (F&pEBd 1.03-1.08) » @ 6 7 pl: 2 & RaiE
(F&4p8 0.90) TE WA £ KEF %ﬂaggﬂﬁm
kB R=E
3. o Gz b IR R AR T
A 110 # 5 3 8 * & COVID-19 = J*»%'#“ C HREE NIRA
g AN ke (K¥ RN T9 1 8.9 §) ¢
o TEERIRV AFE TREVFIRG mfiﬂﬂ_ g o
AL RCIpa. o) kﬁ%J & y

T P RERARER

R v LN RN T R

A F ’bﬁﬁﬁﬁwi%’%Fiﬁpﬁéﬁiim W N LT R
1. &pF W#Fjﬁ:ﬂiﬁﬁ‘—? et

i:&"f'%'?ﬁ_p"’: 12 ] i]!i“__ﬂ'; 1 A 8’}’]":’”3\ rﬁ‘lé » ¥ wﬂl]—}’?‘ﬂ%j\?ﬁ

ﬁ&ﬁ#%%?xﬂﬁ%ﬁﬁ é@a@ﬁﬁ&“%wéﬁﬂﬁﬁ%éﬁ

BHOTAERIFEDETF wE S CHFE oy T RER
%ﬁﬁ@*#ukﬁﬁﬁem6ng’uéﬂ‘@&uﬁ“

E
2. HHREF LB A K

»

¥ 6 T FRARE S ERBBTVH L NERE A F
GEE B E R ETAR > UTBIEtE R EA AT E

4 %%
R

PR MR 0 heosk B R
WL HB RIS EREEEF
ZEli o B U V&N 7\)%%*“’]4 £
MR w2 Fieo
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e i SIFNANE=S - eI )
340

Frctai ke (2026)  BAAFTHE I FHBEEFLAFE o P FARIPT
M4 - https://nstatdb. dgbas. gov. tw/dgbasall/webMain. aspx?sys=100&funid=gryo
ut&funid2=A070103010&outmode=8&ym=11501&ymt=11504&cycle=41&outkind=4&compmo
de=0&ratenm=%u7D71%u8A08%ub03C&f1d1st=010&codlst0=0100000&compmode=08&rr=q92
42x&&rdm=R9999779

w e g vt 1 IEpN R
LEY 25% WP AMAH TR WLED AR BREATFF
+ ~EXCEL#® i*
Fhef 15%  MaRRiE-F2
XX 3 15%  MAFEIT- 2
EeR e 30% | SASHAIHE T L5 4R Bt
T 18 15% ARl 4R
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