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Abstract

In order to understand the consumption of coffee in Taiwan, we analyze the data of
"domestic coffee sales volume™ obtained from the Statistics Department of the
Ministry of Economic Affairs. We collect monthly coffee sales volume from January
2000 to December 2019 (a total of 240 observations) and devide our data into two
periods: in-sample period and out-of-sample period. We use four time series
forecasting models/methods including ARIMA model, ARIMA model with
intervention analysis, time series regression, and exponential smoothing method to fit
the data during the in-sample period. We then test the accuracy of the out-of-sample
prediction using three evaluation criteria, namely root mean square error, mean
absolute error, and mean absolute percentage error. The results show that the
prediction performance of the exponential smoothing with multiplicative holt-winters
method outperforms other alternative models/methods. We notice that Starbucks, the
champion coffee chain, launched a portable and cash-free Starbucks card in November
2002. Thus, we consider the influence of external factors on target time series by
adding the intervention function into the examined models. The results indicate that
selecting the time series regression to fit the in-sample period is the most preferable,
and choosing the exponential smoothing with multiplicative holt-winters method
brings the best prediction for the out-of-sample period.

Keyword: ARIMA model, intervention analysis, time series regression, exponential

smoothing, out-of-sample forecast, multiplicative holt-winters method
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3. PR A7z ( Time Series Regression )
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4. 3p%TFi# (Exponential Smoothing Method )
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Prediction Error tnite Noise/Stationarity Test Probabilitics

X: x
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iid

(1—B)(1—-BY)y, =(1-6,B)(1—6,,B)a, , a, ~ N(0,6%),
—

Y= A Z:

6, = 0.64592 ,6,, = 0.81727 ,6% = 21.57112,

m g HCA S 0 R AHCAY R
% % p-value < a=0.05> PIESF & 2
Y drdow o S 2 p-value ¥/

4z ARIMA #3)-H3) ¥k G2 2 E I KR T

G§ootd 4

SEATZEFT AT - HKEH 2
IR > S8R AN o BhEE
T a=0.05 Ft Sl F RT AfCAY -

T
Model Parameter Estimate Std.Error T Pr>|T|
8, 0.64592 0.0513 12.5913 <.0001
B, 0.81727 0.0513 15.9237 <.0001
a’ 21.57112
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ARIMA #A] -4k 2 ¢ 12 £ %8 ~ TR E
DATE ACTUAL PREDICT L95 u9s
JAN19 13594 13845 11785 16070
FEB19 10057 10577 8684 12657
MAR19 12317 11796 9689 14111
APR19 13130 12116 9879 14581
MAY 19 14601 12662 10276 15297
JUN19 13596 12795 10303 15556
JUL19 13544 13510 10854 16456
AUG19 13710 13736 10968 16816
SEP19 11701 11596 8987 14537
OCT19 13208 12201 9444 15311
NOV19 12417 12113 9292 15308
DEC19 14336 12215 9309 15516
Forecast of future values of x
-\ NP

date

— btue
Lower hmit of

&—a—a Pradicted

95% praediction Interval Upper imit of S5% prediction interval
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B A4 r A AR 2 SRR A2 5
iid
(1-B)(1—- 8%y, =(1-6,B)(1-6,8%)a,, v, = \/z, , a, ~N(0,0%) .

iid

(1-8,8*M1-8,,B'%) .
1 12 y, = w”z_r ,a, ™ N(0,57) .

- V. = 1-B)1-5'2) ay ,

B e P A SRR R B Y d A2 B aeTEp S AN S

iid

(1-8,B8*)(1-6,,B%) .
C 1 1z v, = *.."|'z_r , B ™ N(I{]J g-) .

1-58 ¢ (1-B)(1-B12) i |

6, =0.70759 , §,, =0.83339 , C = 1.14273, § = 0.98662, 52 = 20.92108 ,

¢ _ [ 1, ift=>35(Nov.2002)
£~ 1 0, otherwise

%> ARIMA 2. /i » A 4584 S dicis - B2 S8l FHh T

Model Parameter Estimate Std.Error T Pr>| T |
8, 0.70759 0.0481 14.6995 <.0001
6., 0.83339 0.0518 16.0872 <.0001
C 1.14273 0.3607 3.1680 0.0018
& 0.98662 0.0094 105.4819 <.0001
g’ 20.92108
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Foom iR e R EEAH IR A AR S Ao
%= ARIMAZ A » s f5-H A 12 3 F % E ~ SR E
DATE ACTUAL PREDICT L95 u9s
JAN19 13594 13746 11725 15929
FEB19 10057 10464 8640 12462
MAR19 12317 11651 9651 13840
APR19 13130 11933 9838 14229
MAY 19 14601 12464 10253 14891
JUN19 13596 12536 10252 15049
JUL19 13544 13218 10804 15875
AUG19 13710 13417 10919 16171
SEP19 11701 11318 8978 13929
OCT19 13208 11849 9395 14587
NOV19 12417 11729 9233 14523
DEC19 14336 11825 9265 14697
Forecast of future values of x
14000 s X — . . o d

B+ = ARIMA 2z /i » & 47-95% 13 4§ -K 2% 2_ 3F iP| ]
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SN, = PR t thE & 55
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EERRAERE > REET]F N P nERERALA T REDFERE

Al AT

iid
V. =By + Byt + .My + f3M, + [ M+, .+ M, + e, 5 ™ N(0,a%),

u :{ 1,when JAN. :{ 1,when FEB. M :{ 1,when NOV.
1 0 ,otherwise 2 0 ,otherwise ’ ™’ 11 0 ,otherwise ’
—
¥e =4/ ¢ ,
—J,—d:‘:; Mier:----;Mj_i giaﬁjﬂiﬁ%% .

S BETRENLIES

o PR EE -SR] o DW
Durbin-Watson Statistics

DW 0.4320
Pr< DW <.0001
Pr > DW 1.0000

- Hd BAp AR e R T LA A F TR0 Pr<DW enid ] 3t BT E kR

a=0.05 7R EAIE T AT p AP TN E R IERBD o

d % A~ ¥ 121§ &> Durbin-Watson & 2 04320 3N p AN 4p ki o £
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FlLFFRBA R L 0 5 ol f AAAR o B B R A D g;ugg],
@«dfﬁﬂwwﬂ’ﬂﬁkﬁiﬁmﬁARu)<w%% 1] 0
Wl g i Sl i~ S 8 uaﬂﬁ;av%ﬁme,
Poood ptE B Bl S e Al 5ol

),‘
v
=
Y

y, = 95.7090 + 0.1110¢ 4+ 6.1432M, — 8.7760M, — 2.5360M, — 1.5785M,
+ 1.8096M + 1.0142M, + 4.0162M,, 4+ 5.1271M, — 1.3653M,,
— 1.3427M,, — 1.8910M,, + &, ,
iid
= 0.458537s,_, + 0.411115¢,_, + a, ,a, ~ N(0, ¢?),

1 ,when NOV.

1,when JAN. _ { 1,when FEB.
: 0 ,otherwise

, . y e, My, =
0 ,otherwise 0 ,otherwise 1 {

|

Y -~
Ve =42, 0

-

=21.62892 .

P4 PR AR i B A

Parameter Estimate Standard Error t Value Approx Pr > |t
B, 95.7090 4.3985 21.76 <.0001
B, 0.1110 0.0318 3.49 0.0006
B 6.1432 1.2458 4.93 <.0001
85 -8.7760 1.2449 -7.05 <.0001
B -2.5360 1.4382 -1.76 0.0793
85 -1.5785 1.4858 -1.06 0.2893
B 1.8096 1.5441 1.17 0.2425
;8 1.0142 1.5489 0.65 0.5133
Bs 4.0162 1.5409 2.61 0.0098
B 5.1271 1.4787 3.47 0.0006
Bio -1.3653 1.4284 -0.96 0.3402
B4 -1.3427 1.2274 -1.09 0.2752
815 -1.8910 1.2297 -1.54 0.1256
@, 0.458537 0.062461 7.34
P 0.411115 0.062461 6.58
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Durbin-Watson Statistics

DW 2.1892
Pr < DW 0.9177
Pr>DW 0.0823

FER ML 0T il AR(2) 4 > d 4 - ¥ @4 > Durbin-Watson & %
21892 2 PRI ARG - T f o AARM o LB H 2 M 4P
Berg T ¥ UK E LB I Pr<DW i@ 1 2 Pr>DW g F X 3B F
k@ =005 &= SRR SRR Bl D BHCAIG f e

AT TS EE)

B0 fRIE R E S ch e Bt dp o R EE (M, My, . My, )
AP HREUhgpeh a4 > srrifaPartial F Test & 5 35t 458 % #c il
‘?’ Fﬁ‘% L:id ;—a;} %“‘—ﬁl A o

A E2A B - B RAFROIHT - B S R E iR
WA HAR s bn AT -

>3] ( Full model ) :
iid
v, =B+ Byt + .M, + .M, + B M+ .+ M, +e ,5, ~N(0, 7).

& # ¥ ( Reduced model ) :
iid
v.=fB,+B,t+e , 5 ~ N(O, 7).

Te s 2R AT B SRt 3] 0 Pl a2 17 Partial F Test > 0t 5 e
@ﬁ%gx?ﬂ(Mj_:Mg:----er_l]’*pL?'?d'ﬁ*f?J 3 ?_/il' ’ "*E’L?',ﬁ’ °

Partial F Test 2. B3k & 2

{ Hy: By=Bs=Be=...= B, =0 ( EREHAHEY,)
H:EVH—EB #0,i=2~12 ( ERIHLEyY,)
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]

(SSER—SSEp)/(dfg—dfF) (17875-14520)/(226—215)

.?fu‘é‘" :!é_. =

SSEp [ dfF - 14520 /215
3355 /11
~ 14520 /215 = 45162
# -+ — Full model -5 & # 4 47
Source DF Sum of Square  Mean Square FValue Pr=F
Regression 12 18737 1561.38410 23.12 =< .0001
Error 215 14520 67.53454
Total 227 33257
# -+ = Reduced model -5 £ #ics 17
Source DF Sum of Square Mean Square FValue Pr=F
Regression 1 15382 15382 19448 = .0001
Error 226 17875 79.09147
Total 227 33257

§oRETE N F AR RS AKE a= 005 dfy =226 2 dfs =

215 & ik gh i AR K 2SR SR BH B P PR -
Partial F Test z_ /& 4Lp] :

1. % F = F, (dfy—dfy , dfy ) BB
2¥F}Fﬁ(df}?_df£‘:dfp) | A

F5 F = 45162 = F, o (11,215)=1833387 > #1121 % J£4 H_» 4
T2 SR SRRt RIS P TS
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‘m\ﬂ

%+ = B’t’ﬁ&ﬁ-il‘“’ﬁﬁ/z‘ ﬁ:ﬂ\ 124 %E’L_‘:”E'/‘E'J'/E'-

DATE ACTUAL PREDICT L95 U9s

JAN19 13594 14069 11990 16315
FEB19 10057 10828 8845 13012
MAR19 12317 12393 9957 15094
APR19 13130 12749 10117 15686
MAY19 14601 13697 10805 16933
JUNI19 13596 13655 10653 17029
JUL19 13544 14511 11311 18108
AUG19 13710 14913 11586 18658
SEP19 11701 13489 10273 17142
OCT19 13208 13606 10324 17340
NOV19 12417 13583 10262 17369
DEC19 14336 14127 10700 18030

Forecast of future values of x
fitted time series regression
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Fla FHEL FE M $R 7 T EFRET O a
pE > #7r2 i % Winters Method-Multiplicative = % -

TR AR 5l

Le=a(Y/S_.)+(1—a)(L_y+b_y)
by=y(L—L.y)+(1-y)b,
Srzﬁtyz-.ff'r]"i'(l_ﬁjsr—s

Fiom =(L:+b,m) S, ..,

ddte v EREB SRR E K TRl AR 4
T REOP TG S AP ARR G L o A RS PIL BB

W

Jul

L,=030684(Y,/S5,_.)+(1—-030684)(L,_,+b,_,)
b, =0.00100 (L,—L,_, )+ (1—0.00100) b,_,

5. =010538 (Y, /L, )+ (1-0.10538)5,_,

Foom =(Le+b.m)S, ..

IR S S s L

Model Parameter Estimate Std. Error T Pr> |T|
0.30684 0.0330 9.2925 <.0001
% 0.00100 0.0067 0.1485 0.8821
& 0.10538 0.0290 3.6372 0.0003
o’ 1019030
L 12601
b 21.29621
5 1.10949
s, 0.84038
5, 0.94606
S, 0.96489
5 1.02296
S 1.01480
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DATE ACTUAL PREDICT L95 U9s

JAN19 13594 14004 12025 15982
FEB19 10057 10625 8594 12657
MAR19 12317 11981 9825 14138
APR19 13130 12240 9989 14491
MAY19 14601 12999 10627 15371
JUNI19 13596 12917 10474 15360
JUL19 13544 13626 11056 16196
AUG19 13710 13860 11200 16520
SEP19 11701 12305 9718 14892
OCT19 13208 12496 9821 15171
NOV19 12417 12326 9602 15051
DEC19 14336 12700 9868 15533

Forecast of future values of x
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Jindp BAE Rl L R 2 4R A ¢ enTOR o 538 ARIMA #7) ~ ARIMA
2 AR PR R IR B R T o R e RIS - B AL 2 en
RMSE » MAE 2 MAPE itz BRI %35 % M4 5 b # 2 03] - @ 35 8 40
RMSE » MAE 2 MAPE ' = B3ZR 34 L = o

ERR St

A ik AR #1857 2 8
RMSE Xica(ye — 90)° AT
n
MAE Zies b =31 Sl
MAPE l_?ér__JT”l L 100 A AT

2Lt w B2 ARAPN S HH IR A

RMSE MAE MAPE (%)

HAYE

ARIMA #-7] 985.407 720.250 5.362
ARIMA 4 » A 47 1180.383 931.583 6.940
PR 7 G 862.776 699.750 5.530
AR S 816.952 646.667 4.878
AN IR

ARIMA #-7] 1041.818 793.932 6.765
ARIMA 4 » A 47 1028.658 792.302 6.752
PR 7 G 978.073 758.860 6.550
a BT 2 1002.807 760.399 6.468
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