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Abstract

With the changes of the times, the increase in national income in recent years,
and the improvement of living standards, the number of people paying attention to
leisure at home and abroad has gradually increased. In addition, the government
currently implements a two-day weekly holiday, and the proportion of many families
going out for tourism is increasing. The number of people going abroad for
sightseeing has increased directly, and the number of tourists coming to Taiwan has
only increased. Therefore, this phenomenon has caused the flourishing development
of Taiwan’s tourism industry. The tourism industry will be the main force of Taiwan’s
future economic development. Visitors to Taiwan and the market. So | want to use the
forecasting methods learned in this lesson of forecast analysis to find the best time
series model, and predict the number of tourists in Taiwan in the next year, and find
out how to increase the number of tourists in Taiwan, and hope this This report can be
used as a reference for the Tourism Bureau.

The source of the data is the tourism statistics database of the Tourism Bureau of
the Ministry of Transport. The analysis time is from January 2010 to December 2018,
and the last 12 records are retained for forecasting. At the beginning of the report,
confirm whether the time series graph shows a trend, or whether the variance and the
average are stable. Then use time series regression, exponential smoothing, and
ARIMA analysis to fit the model. Finally, use the three criteria of MAE, MSE and
MAPE to evaluate which of these three methods is the best and select the best model.
The analysis results show that the fit model of the ARIMA method is the best model.

Keyword : Time series regression, exponential smoothing method, ARIMA model,

number of tourists to Taiwan, number of outbound travelers.
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% 34 PR L RO SR 4

Parameter Estimates
Variable | DF | Parameter Estimate Standard | T Value | P-value
Error
Intercept | 1 517363 21808 23.72 | <0.001
time 1 6708.21 177.35 37.82| <0.001
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M10 1 186590 26923 6.93 | <0.001
M1l 1 42648 26921 158 | <0.001
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24 34.01 23 0.065 | -0.123 | 0.052 0.031 -0.01 0.01 0.022
18 I KELEL R 45 ePaper(2021 £F)




AR E kA N BRI R HH B B B D P H U TR 3 A

37T BREITFZEF ELRERE
e Y EFE FERE
2019/01 1412220 600337.9
2019/02 603211 701269.3
2019/03 101217 629802.9
2019/04 11168 725956.6
2019/05 17611 736034.3
2019/06 18249 807839.3
2019/07 28106 902679.4
2019/08 37786 795237.4
2019/09 31622 701703.5
2019/10 30390 771035.8
2019/11 23666 633801.7
2019/12 20318 597862
% 3BFRE AW FEE k4
Model MAE MAPE MSE
AR(1)#-3] 657646.7 25.41296 470056497342

¥ = & dp#T 2 (Exponential smoothing)

P Sl S

Holt’s Trend Corrected Exponential Smoothing 3%

o PERE B 7

$feif o

TA T FLER TR E R TR E v L AT
E e A Y g R koeh— fERE Y SRR
ENPF YR 2B K 3E R
Exponential Smoothing % fieif @ PFRF A 5| 25 F 8% 2 & 5 & M hffl yer
=] E

G v HAEY T E R
AL H g%ié“{:lﬁéfﬁ’ﬂfu?uﬂw

hd &4 o o Additive Holt-Winters Method % e i - = /8 & 71 2% 5
PLERENF &R 0 % Multiplicative Holt-Winters Method % iz i -

d Bl 6 E A IR E 7BV u—J-F'T
T cngh A PR o AT AP L L g

Smoothing & fiz i o

» B A B F AL E
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R A

lp =ay; + (1 — a)[ly—y + br_4]

br =yllr — lr4] + (1 —y)br_4

Vesr(T) = Iy + Tbp

Smoothing parameters:

alpha =0.1978
beta =0.0183
£ 30 % oo g L) R
A S MAE MAPE MSE
Holt’s Trend Corrected
. . 60223.49 8.398772 5435390370
Exponential Smoothing
Additive Holt-Winters
27259.5 3.773783 1263706517
Method
Multiplicative
) 29587.17 4.108705 1532250387
Holt-Winters Method
Additive Additive Additive
31221 R . AE M| Holt-Winters Holt-Winters Holt-Winters
Method Method Method

&d MAE ~ MAPE - MSE = B=G &R v g > B9 K S5 % A ek ifah
i BT 03] 5 Additive Holt-Winters Method -

B i 4 BT B0

lr =ay: + (1 — a)[ly—y + br_4]

br =yllr —lr4] + (1 —

Y)br_y

SNy = 5(_}7]" — E]r') + (1 — 5)33’1]"_{.

Vear(T) =l + thr + snpyr g

Smoothing parameters:

alpha=0.6197
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LSSV SOIETPNGIE PN o S 2 liE i agin
beta=0.004

gamma=0.0183

4 3-10 * & % 4 # Additive Holt-Winters Method Z § & £7 55 p| &

=8 EFE TR B
2019/01 1412220 921347.2
2019/02 603211 969045.5
2019/03 101217 1096183.8
2019/04 11168 1066289
2019/05 17611 1004838.5
2019/06 18249 992883.1
2019/07 28106 1003367.3
2019/08 37786 1039520.5
2019/09 31622 993852.6
2019/10 30390 1059389.1
2019/11 23666 1112539.2
2019/12 20318 1190315

Forecasts from Holt-Winters' additive method

travelerseries

oyl ¥

W
e

Bl 3-1 * 2% £ # Additive Holt-Winters Method ¢ 2| B
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d F 6 B4 IR A ER AT 0 N B DR R G S g
mEEFEERE > FRERE A AR - R AP Additive
Holt-Winters Method % fie i °

R

Iy =ay; + (1 —a)[lr—1 + br_4]
br =vyllr — lp-1] + (1 —y)br—y
sny=06(yr —Ilp) + (1= &)sny_g
Vere(T) = lp + Ty + snpyry
Smoothing parameters:
alpha=0.0886

beta=0.015

gamma=0.01831

0311 B 4 1B 4 BRE L

AR S MAE MAPE MSE
Holt’s Trend Corrected
) . 84820.09 8.520319 9482537206
Exponential Smoothing
Additive Holt-Winters
34192.13 3.431912 2051258376
Method
Multiplicative
] 39008.59 3.839073 2403659476
Holt-Winters Method
Additive Additive Additive
B30 R ) e | Holt-Winters Holt-Winters Holt-Winters
Method Method Method
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&4 MAE ~ MAPE ~ MSE = 3% BR[| 7 2 2470 » B4 9B 4 Bod i ohdp dic
L B804 5 Additive Holt-Winters Method -

4 3-12 B+ I & 4 # Additive Holt-Winters Method Z 9 & £7 55 p| &

=3 EFE FER B
2019/01 1412220 1334460
2019/02 603211 1433239
2019/03 101217 1366767
2019/04 11168 1470502
2019/05 17611 1477327
2019/06 18249 1551619
2019/07 28106 1636735
2019/08 37786 1529649
2019/09 31622 1443883
2019/10 30390 1506973
2019/11 23666 1364062
2019/12 20318 1322984

Forecasts from Holt-Winters' additive method

abroadseries

Time

Bl 3-2 B A I E A #i Additive Holt-Winters Method ¢ /B B8]
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%= &% ARIMA 44572
ARIMA #-7] (Autoregressive Integrated Moving Average model) #_4 Box and Jenkin
HRDDL LSBT0 R FECE o A LR E BT v RD
ARIMA énfbkﬂ\ﬁt% BORARRIOEE R R FHAR S - BEHA S 0 F - T
R0 B A - DAL T AR R i d B eI & K5E
BIRIERIA R E o

d Bl 6L AP ASBY UF L R FE OB AP d F 337
M g e E A @:?ﬂ"i{~ TR NF G o E A PR R ”ﬁ + A andg
oL FTREALNTRE I B33DACFRT Uy I TS ACFE 5 Dies
down S|0W|y’”'L'r."1£EL§T%}F—{Z T LR lagl2 frlag24 3 %N R D % o

ST Al B AH TR LA A LR LN

BEHRET - ZEIALFFELL R EFRESL A fo- LA T 4P BGE
(6 B FRE S LA fo— LA (& ACF(B] 3-4)jcactd v - > #70e Bfs
p,gbk’%ii’?‘}'lp&l?ﬂ”g'_k\‘ff" XA L BGE R °|évi"1—:17}_/»\‘fr'§§:ﬁ§;_/u}i§

R AT S S FIT T A geie bl A -
8e+05- W
e~05-
4e+05- W
010 01 014 01E ZD"\B

| ‘ ‘H |
5 0 e < S L SRR
400 ‘ ‘HH\Hl w0 |H MR .  —
0 -05

1 2‘4 36 12 4

Lag Lag

B33 kS g AfhiFTRaRF R 7K - ACF B ~ PACF B
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100000~
50000 -
-
-50000-
-100000 -

-150000 -

2
Lag Lag

B34 kot ABFREE- < LAE EH LA L2 PR A7 B - ACF @ »
PACF

d i~ % £ A {eF & LA {5 e ACF fo PACF (] 3-4) 8 <+ ACF % 31 ks
¢ cut off » PACF % sen_dies down » #7102 & feif MA $0:% 0 B8 24 P 2 4 F
#peiE ARIMA(0,1,1)(0,1,1) =

e+(d -
0e+00 S G
2404
12+05
010 01 2014 01 018
02~ b ieiiiiiiiiiiis e
0.1- 0.1-
5 I ‘ | ‘ ‘ ‘ | ‘ | ‘ o] 1 | ‘ ‘ ‘ ‘ ‘ 1 ‘ I ‘
Q 00 T T T T T Qoo T
< | ‘ I ‘ ‘ ‘ ‘ ‘ \ ‘ £ ‘ ‘ \ ‘ \ ‘ ‘ \ ‘ | \
0.1 01~
gp- T pps T
12 24 36 12 24
Lag Lag

% 3-5 ARIMA(0,1,1)(0,1,1) hp & & 7| § ~ ACF B ~ PACF ]

# 3-13 ARIMA(0,1,1)(0,1,1):% % 45 & #

Model MAE MAPE MSE
ARIMA(0,1,1)(0,1,1) 27080.45 3.574827 1360591013
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fe % B 16 0 2N P g A P e 7 p 2N Ap B 4R =0 AN 8- White noise ~ H

1 2~ Ljung-Box kA L8 TSk RN PHAILT LG p e e
SANAE R R g s - e
1. White noise # _
Ho:Z 3 White noise
H,:# £ 3 White noise
% TARA1E p-value | *+ 0.05 > RIIES Hy o % 7 W3] ehs% £ 7 £ 5 White noise -
2. E1R%
Hoy:FF B R 7 2 T 48
HyPFR B 7| 48
te TP F p-value | *+ 0.05° RIIESGH > 2w R A7 1 T 48 -
3. Ljung-Box # z_
Hy:py=py=---=p, =0
H:z2*-B%250

te TP E p-value [ >+ 0.05 RIEGHy > 2w FR A 7251 T 48 o

% 3-14 ARIMA(0,1,1)(0,1,1) ¥ 12 %_%

R #2575 = 2 p-value 2 FEGH, | LFTH
ur.kpss =+ 0.05 7 JE% H, T2
ur.df /] 0.05 % H, T3
ur.pp -]+ 0.05 % H, T3
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% 3-15 ARIMA(0,1,1)(0,1,1)Ljung-Box # #_%

1 SRS

p-value

A TIES

AF L7309

Ljung-Box

0.5345>0.05

7 4645 H,

# 3-16 ARIMA(0,1,1)(0,1,1) & %

2.

per ERE TRpE
2019/01 1412220 908790.2
2019/02 603211 904878.6
2019/03 101217 104442.8
2019/04 11168 967748.3
2019/05 17611 911702
2019/06 18249 909928
2019/07 28106 913057.8
2019/08 37786 988260.1
2019/09 31622 892367.7
2019/10 30390 997107.9
2019/11 23666 1056730.9
2019/12 20318 1162142.4
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Forecasts from ARIMA(0,1,1)(0,1,1)[12]

1200000~

900000~

travelerseries

600000

300000~ . . . . .
2010.0 20125 2015.0 20175 2020.0
Time

@] 3-6 ARIMA(0,1,1)(0,1,1)+g | @

d B 6L I FABKPETAABT RN LG FEogs LH A wd B
37 ¥ U FFGRR A MR AT AL G ALNF SR L AR R
$ A g s A FHEEALI|TE S d ] 37 ACF BT 2 0 T
ACF % Diesdown slowly » #7102 /g € F 4L 27 L 4% > £ % 1R lagl2 {r Iagz4 F= 2T
NG o ATLERT RPH RP AR TR A AL SR TG LS

BFHET - KAA FELA R BRE S LA fo- LA 0 T AR BRGE
o I P AE & LA fr— = LA 15 o ACF(R] 3-8)fcaci? vt il o #r 2 fa il
PO A e PR R R —fﬁaﬂi/»\fru XEABEE oW - AL FEE LA E
o SRR AT GEIEA T R ALE- A g -

1600000~

1400000~
1200000~
. /\J\\J\/\\/\M

800000~

2010 2012 2014 2016 2018

ACF
= =
N I
‘;7
ACF
o

2 36 2
Lag Lag

Bl 3-7 WA D RA B a7 F R 7K - ACF Bl ~ PACF B
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2014

=

Lag

12
Lag

B 38 MAIRAHKTRGE- AL 2 FELLB2PFF AR ~ ACF B ~
PACF Bl

d G- KL ArfeF e L e 18 e ACF 4- PACF BI(®] 3-9)#F 5 ACF & 1 findd
=1 cut off » PACF & sen&_dies down » #7141 & fesg MA 538 > 4 PACF Bl # 14 (%

v f lagl2 fr lag24 § P A DA B F 0 T B R AP LT R G
ARIMA(0,1,1)(0,1,1) » #

¢ % & R &7 B H 3 s & # 3 =

ARIMA(2,1,2)(1,1,1) » #r2 r2 T 2% o it e d B 03]

Y

% 3-17 ARIMA(0,1,1)(0,1,1)f= ARIMA(2,1,2)(1,1,1) et i %

R MAE MAPE MSE
ARIMA(0,1,1)(0,1,1) 33871.76 3.28957 2257919459
ARIMA(2,1,2)(1,1,1) 31873.89 3.097566 1925763328

ARIMA(2,1,2)(1,1,1) | ARIMA(2,1,2)(1,1,1) | ARIMA(2,1,2)(1,1,1)

LR e i AT
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4 MAE - MAPE - MSE =

= Bm R 2% 0 k4 h ARIMA B %
ARIMA(2,1,2)(1,1,1) -

150000 -

100000 -
50000-
o |
-50000-
-100000 -

ZU"\U QUIWZ ZUI'M ZU"\E ZU"IB
LU S P (PSP
01 01-

w w
s L ‘ ‘ \ ‘ ‘ \ ‘ 2 \ L ‘ ‘ \ ‘ \ ‘
00 < oo
< T ||H T ‘ |H‘ £ R ‘I“\ \\‘ ‘ 'H“
-0.1 -0.1
g lTIIIIIIIIISI I s s s s s s s a TTIIIIIIIIIIIIssSssssns s s
1 24 1 24

Lag

Bl 3-9 ARIMA(2,1,2)(1,1,1) P ¥ 5 7| ® ~ ACF B ~ PACF H]

fie A {8 o AN PR P AR T A A 4p A& = AP+ White noise ~ B
1946 %~ Ljung-Box k¥ e 7%k 0 kA PR ETFE LG p SRR o

% 3-18 ARIMAQ2,1,2)(1,1,1) ¥ 124 % 4

R A2 78 > & p-value ¥ E IS5 H, § 3 T4
ur.kpss = 3+ 0.05 * {EE Hy TIE
ur.df °] %+ 0.05 FZH, T iE

ur.pp

/] %+ 0.05

S H,

S

% 319 ARIMA(2,1,2)(1,1,1) Ljung-Box # %_%

2 CIVE: p-value ¥ 2% H, AFEG omkg
Ljung-Box 0.6187 * IEZ Hy L
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abroadseries

%320 ARIMAQ2,1,2)(1,11)% % & foig il &

=8 EFE TR B
2019/01 1412220 1321449
2019/02 603211 1445021
2019/03 101217 1386183
2019/04 11168 1493384
2019/05 17611 1504484
2019/06 18249 1569128
2019/07 28106 1630187
2019/08 37786 1510151
2019/09 31622 1405451
2019/10 30390 1512511
2019/11 23666 1367210
2019/12 20318 1308018

Forecasts from ARIMA(2,1,2)(1,1,1)[12]

1500000~

1200000

20100

20125

20150
Time

20175 20200

§l 3-10 ARIMA(2,1,2)(1,1,1) 55 i8] ]
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Yr & ki

A RO i i o dpde T 2~ 12 ARIMA 2 & e SRS 0 £
1% MAE~MSE v MAPE = i 3P| % 2| $vm— B 773 5 $ 3 37 R1#3 0 MAE-
MSE f= MAPE = B 3R 5 4% > & & 290 REA1AR i o A% 532 2 X el
A A B3R BT A 3204032204 £ 321 W B ko Az B
BRI o kSRR A R BT R R HCA) 0 &t ARIMA A 4502 ko idE o o
#3227 g0 0 ARIMA A 452 feorg BRI T i mAn L B i e A X
BB 4 e ARIMA A 4552 ke SERIHER] - TR kg % o R R A v iR
Zirdp BT 2 BT o SR b gt ok R AR G ER Y T R
Ao SERIBER 0 A A DR A A g EE Y ARIMA A 4953 ke i Rl o

2321 kR E A HBEAGER 4

R R MAE MAPE MSE
P Sl S 27259.5 3.773783 1263706517
ARIMA %+ % 31873.89 3.097566 1925763328
&P g i B AR S ARIMA 7% ¥7 i ERE. Sl e

% 3-22 WA DA AT £

A SRES MAE MAPE MSE
PR R 2w b i 657646.7 25.41296 470056497342
pdT iz 34192.13 3.431912 2051258376
ARIMA % 17 % 31873.89 3.097566 1925763328
LRERT eng i 07 ARIMA ~ 472 | ARIMA » 472 | ARIMA 4~ 7%
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Frid BHmaeR

BptdR L d o A s Bl R A v dpdicT i 12 ARIMA S
KAk 2R E A BB A IR A BB B S AR RS R AR £ 8
Fd MAE(T 398 $35£) - MAPE(E 32 31 » 34) - MSE(2> 3£ 4 )iz = B3*
o WP RPE NS FIFRFA] KR SRE A HeA S o pET iz ez BERT
FARB A R HE 3A(d BT ik kSR T 4 BIERIF) o B 3-6
(ARIMA = 477 ek Sk 2 A Bnip Rl Bl kot > & g Ry BT ik Hrik s
E A FARRIB TR R AT RAET D F A F 0 AP B £ 0 T P A R i
T e IRl MR SR E A e EHCA o A R A R A B
T » ARIMA A 453 &= BT e R Rk £ h d o Risd B 3-10
(ARIMA &2 47 % ende 5 3= 5 A Beadg | B) ¥ Mg ehd) > FEp) Ik endg 4 gt 8
@ AR L - R AT A 5 ARIMA A 45 e i 03 RIEEA E AR
SEURCIRE Saps - 3

A F s BRI AT R TR R T L e 2 B Ak e R A R
AR B G R g Ak %&&ﬁ&%fyﬁﬁM%ﬂ?u
;:,%*1 B4 8 5% 6% 9% €7 @)ﬁm'rwgaf},ﬁf;aﬂ&fa
e RISJEE A R A foehBe 3 A o wrﬁﬁuﬁﬁﬁﬂ’ﬁiﬁﬁﬁ

BB R AT 2 b B B4 1 D hipd

B G BRI R B A G AR S R S R LT
AAOBEAFRAAEER f T RET LA LRGBS PR
ﬂ’ﬁﬁ%%¥ﬁ%$ﬁé%ﬁ§%%%’@@ﬁ%éﬁg@$;@%ﬁ%%;
é%;@&i¢wrn-xalg%g% Rk d R T b

SRATHE YR P e @]/\@ﬁ@%ﬂjjzz{‘aﬂﬁ%#%mﬁ‘ﬁga%g, e 3
ﬁv@?]?f*’;&\;,’;@g,;g o

l:
=R
A
—=\
L
"
)
o]
\u\u

FRA R A e iR kg o 4 A ARKAR S SR BRI RS S
%’%Wﬁﬁﬁ%@%%@ﬁ%ﬁ’Hii%¢$ﬁﬁ£p£74’ 25§
AARE - BRGREG M oL I RER Ao BR Y 2 e LR
PRI L G4t pémné& CEAEFRE AR ERAR AR S
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EERFH o oM IR FRFE ks o T RO e
2. BFE [~ Buzes s icde{ (2008~2009) TR Lk AR % TR

FRZFT-NERBERE LN FRARRPFLAE LT E S
%472
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