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Abstract

The objective of this study is to forecast the monthly number of passengers of
Taiwan’s domestic flights. We predict 12-step-ahead numbers of passengers based on
four forecasting models. Our data source is the macroeconomic database from
National Statistics. The duration of data is from January 2002 to March 2016. There
are 171 data during the period, and we hold out the last 12 observations for the
out-of-sample forecasts. The forecasting methods include ARIMA (Autoregressive
Integrated Moving Average) model, time series regression, decomposition methods,
and exponential smoothing method. We use four evaluation criteria to examine the
accuracy of the forecast, which are MSE (Mean Squared Error), MAE (Mean
Absolute Error), MAPE (Mean Absolute Percentage Error), and MPE (Mean
Percentage Error). It turns out that the time series regression is the best forecasting
model based on the four criteria.

Keyword : ARIMA, Time Series Regression, Time Series Decomposition

method, Exponential Smoothing method, out-of-sample forecasting,
Durbin-Watson Test
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FE A AR(2) » ab:—-‘f % f Durbin-Watson p 4p B g 2 - 7 £ # # Pr<DW
kg TAREFLLEF 2 AR o # P-value & < #20.05 » /4.5 4 & K - #
T A AT AT “%‘ﬁ/’f #ZF ¢ * Pr>DW Xféiﬁ?iffiﬁ FEAFH
P-value & < %005 » 2 7 AL f A4l - % 67 541> 02649 %+
0.05> F]ptm i+ p A 4p ke » 0.7351 < * 0.05 > rﬂ‘“ fp AP BV A
HE P APME o BCRIfe R & o

% 6~ PR A 7 jFi2 —Durbin-Watson 3+ 8

Durbin-Watson %zt i
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Sl P
% i fd R | G | BEFL | tE | o opr |t
INTERCEPT 1 30.4364 1.8609 16.36 <0.0001
t 1 0.044 0.0276 1.59 0.1156
dl 1 1.2712 1.4774 0.86 0.3924
dz2 1 6.6977 1.6091 416 <0.0001
d3 1 1.7084 1.7389 0.98 0.3292
d4 1 11.1064 1.8502 6 <0.0001
d5 1 14.3878 1.8868 7.63 <0.0001
dé 1 15.0305 1.8978 7.92 <0.0001
d7 1 24.3061 1.8875 12.88 <0.0001
ds 1 15.3432 1.8527 8.28 <0.0001
d9 1 8.81 1.7903 4,92 <0.0001
d10 1 6.7673 1.6482 411 0.0001
di1 1 3.4936 1.5036 2.32 0.023

Pl BiSHBAALETRE

d bk DW e €7 Aot pRRF A 3R BFC & f AP
e s oo ze B s s p-value £

White noise # Z_> FA £ % # & P& RT3 )
*#0.05 & 71 #+ & white noise » 4cf] 11e 3k & 7% 8 et fF fdcfoit L2
SRR NRN T FESE D PE A PR A S

v, =30.4364 + 0.044t + 1.2712d, + 6.6977d, + 1.7084d, + 11.1064d,
+ 14.3878d; + 15.0305d, + 24.3061d, + 15.3432d, + 8.81d,
+6.7673d,, + 3.4936d,, + 0.358527¢,, + 0.149725¢, , + a,

{1,When]an {1,When]an . d {1,When]an
110, otherwise’ 2?10, otherwise ™" 110, otherwise

He LA L g =0358527¢,., +0.149725¢,., + a, #* & white noise &
poAARRE o BORIFRE R o
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Time plot of minthly number of people
(in hundreds of cases)

Y SN DY TRC IR
39.6565 -8.035 47.6915 43.7206 3.97085
48.8136 -0.5336 49.3472 42703 6.64425

38.7798 Mar-08 38.7798 -5.678 44.4578 41.6976 2.76014
41.4682 Apr-08 41.4682 1.8564 39.6118 40.7262 -1.11433

Obs number  date t
1
2
3
4
42.0830 May-08 5 42.083 4.3162 37.7668 39.8326 -2.06581
6
7
8
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39.6565 Jan-08
48.8136 Feb-08

40.8423 Jun-08 40.8423  3.27  37.5723 39.0365 -1.46413
49.2851 Jul-08 49.2851 13.9178 35.3673 38.408 -3.04072
443472 Aug-08 443472 7.3824 36.9648 37.9646 -0.99987
37.2063 Sep-08 37.2063 -1.2713 38.4776 37.6982 0.77937
37.5957 Oct-08 10 37.5957 -2.2071 39.8028 37.5979 2.20486
33.8854 Nov-08 11 33.8854 -4.3938 38.2792 37.6174 0.66174
29.1884 Dec-08 12 29.1884 -8.3037 37.4921 37.6455 -0.15337
35.4826 Jan-09 13 35.4826 -8.3663 43.8489 37.6315 6.21738
315631 Feb-09 14 31.5631 -0.7328 32.2959 37.5096 -5.21377
31.6391 Mar-09 15 31.6391 -6.0672 37.7063 37.3021 0.40419
39.3178 Apr-09 16 39.3178 1.9576 37.3602 37.0478 0.31247
424896 May-09 17 424896 4.466 38.0236 36.8393 1.18425
38.4773 Jun-09 18 38.4773 3.5893 34.888 36.7093 -1.82132
50.8274 Jul-09 19 50.8274 14.4061 36.4213 36.7417 -0.3204
44,9222 Aug-09 20 44.9222 7.2367 37.6855 36.9272 0.75833

O© 00 N O ol A W DN -

O e S T T = = =y T
O © o N O O~ WwWwN PP O

% 1040 X114 R g % 0 AR SR 0T B0 A RERR &

4o

Y (the observed time series) @ #7221 chpF B & 7))
SN(the seasonal component) : % & %]+

DY (deseasonalized observations) : 4 # % & %]+
TRC(trend-cycle component) : &% 5 & ¥+
IR(the irregular component) : # L p| % # #]+
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v, = TR, + SN, + CL, + IR,

p L RPER R RUTRLR I R R 7

TR, : teps B % Bt 9 85 5]
SN, : LpEf T BthE § 73
CL,: tPER T B tehik ) % 8

R, ' LR T B3 P $d 7]+

A ORI R @

DY = y,-SN, = TRC + CL, + IR,
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TRC + CL, = 38.7137 + 0.06143t

Z 11~ 232 —B BRI

2 MSE 3.15156 R T+ 0.1969
BRIivE 41.41645 AR T 0.1875
%3 i 7.60945
FHcE
L& S pd R SR E AL tiE  Pr>
Intercept 1 38.7137 0.6816 56.8  <.0001
t 1 0.06143 0.0135 457 <.0001

B F ¥7 £ 78 - Durbin-Watson test » ¥ 12 {8 3 & 12 2 % > Durbin-Watson
B 1263 A 0227 > Z4pk oL frp t F Eenp AphE o F AR
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AR(1)#F] -

% 12 ~ & §2;# —Durbin-Watson
Durbin-Watson D 1.263
B BB P 87
- FepAphd 0.31
B NEY 5 S
=R sk A AR G I Ul

& = 0.309951¢,.1 + a;

% 13~ A4z

2—pRF LG E
4% MSE 8.7718
P RF Sl E
prRe % #ic A t @
1 -0.309951 0.103736 -2.99

SAS &% 4rd 135 % T SAS ki &

%A A F e ARQBAZ 0 21 - Sk RRENLE 64
RIS s % 14 | Durbin-Watson & 2.0049 » 4t 2-4 2 ¥ » 5 f 4p B > %
THCAIEE om o DW E45:7 2 £ 4 Pr<DW E_ % >t 4& %0 p 4p b ¢ P-value >
d %7 400465 <3005 FlliEG t4phk o Pr>DW & #3042 f p APl
51 P-value » 0.535 + + 0.05> FIQL4EF f ApM > o P T arig @AM o @ § L
7 peif AR(DBAIPF - ABF s 3]0 B

TRC + CL, = 38.9436 + 0.0567t > 4% 15-

5

#. 14 ~ % §2;% —Durbin-Watson

AUTOREG #2 5

Yule-Walker &2+ 1&
SSE 753.01949 DFE 84
MSE 8.96452 ¥ MSE 2.99408
SBC 448.15595 AIC 440.75823
MAE 2.0764707 AICC 441.04739
MAPE 5.0000529 HQC 443.73706
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Durbin-Watson 2.0049 Wi i R T 0.1032
R R T3 0.2837

Durbin-Watson *v3* &

g B DW Pr < DW Pr>DW

1 2.0049 0.465 0.535

% 15 A A% — Sl B

Sl B
o pd R fe 3 & AL tiE i 01 Pr>|t]
Intercept 1 38.9436 0.9265 42.04 <.0001
t 1 0.0567 0.0182 311 0.0026

T - BB EE B L& White noise ¥ 2> 4cB 17 % % &7 0 % £ White noise
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A (58 B nt L N N ‘\
¥ - ¥ 3 2 gt‘l Wiz
AR TR EFEFAIERA T o BT A PR 5
BT iR b E AR R AERIA T
Fo=F. +a(A;.q1-Fe.q)
H v
F, =55 t HiVTEAME
F,., = gi—EARYTECHIE (IREIES t-1 8H)
a=""FFEEETRNER 2= H 57 EL)
Apq= ﬂ-ﬁﬂé’ﬂ%ﬁ?@

Level : L, = 0.48338(y,-S,.)+(1 — 0.48338) (L, + b,,) *

Trend : b, = 0.00344(L,-L,,) + (1 — 0.00344)b, , -

Seasonal : S, = 0.001(y,-L,) + (1 — 0.001)S, ;>

Forecast : F,,,, = (L; + bym)S;.c1m
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Parameter Estimates For Number Of People(Winter method --additive)

Model Parameter Estimate | Std.  Error T | Prob>|T|
LEVEL Smooth Weight 0.48338 0.065| 7.4381| <0.0001
TREND Smooth Weight 0.00344 0.007| 0.4926| 0.6236

SEASONAL Smooth Weight 0.001 0.0654| 0.0153| 0.9878
Residual Variance (sigma squared) 10.23624
Smooth Level 39.5657
Smooth Trend -0.021
Smooth Seasonal Factor 1 -7.72146
Smooth Seasonal Factor 2 -2.30937
Smooth Seasonal Factor 3 -7.31305
Smooth Seasonal Factor 4 2.44354
Smooth Seasonal Factor 5 5.61531
Smooth Seasonal Factor 6 6.14072
Smooth Seasonal Factor 7 15.33479
Smooth Seasonal Factor 8 6.29204
Smooth Seasonal Factor 9 -0.33177
Smooth Seasonal Factor 10 -2.49507
Smooth Seasonal Factor 11 -5.95056
Smooth Seasonal Factor 12 -9.71132
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A~ ¥HERP ﬁ”“?? A2t A hIER i 8 ARIMASFER B 7)) ETF/Z- >
&R~ dp T pi2E R 0 X 3- 5 MAD(mean absolute deviation) ~ MSE(mean
squared error) ~ MPE(Mean Percentage Error) ~ MAPE(Mean Absolute Percentage
Error) stz £ o e fow f8 5 2 fasﬁzgaigem‘ L FEIEGE &2 WA o d £ 17
PE LG AR o] i 4 T i s MAD st R S 013 EB“‘»F'“}%}'
Eﬁ?é W MSE %2t € 5 4.83 » 4 f#2 0o MPE 3t # 5-6.93 0 BFRF R 53w ﬁfﬁ,é ]
MAPE %3+ % 5 4.04 - (B R 5 7| ETF #2737 MSE 4= MAPE st3+ & £ I if >
BMrEREI|RFEREASRZT -

% 17 ~ & ~ *+ 5g 12 MAD ~ MSE ~ MPE ~ MAPE t #2 4

TR 2 i€ | MAD MSE MPE MAPE
ARIMA 0.40 17.17 -4.21 6.88
PR R T 0.27 4.83 -1.66 4.04
A fRik 0.42 21.53 -6.93 7.31
IR Sl e 0.13 11.13 4.02 7.09

- PR IR B

doh e zzdﬂx PIERARER 0 ¥ w X 2015 & 7 0 prang P
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Bowerman, B., O'Connell, R., and Koehler, A. (2005) Forecasting, Time Series, and
Regression, 4th edition, Duxbury Press.
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444700
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