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Abstract

This research aim to determine the appropriate forecasting method for sales of 0.33, 0.6 and 1.5 liter bottled water
to reduce discrepancies amount in production planning of bottled water industry, we have studied analyzing undulation
of time series and created the forecasting equation with amount of 120 months since January 2008 to December 2017 to
find an appropriate forecasting model and apply the latter to forecast for the bottled water sales with amount three sizes

within 36 months since January 2018 to December 2020. Those empirical data are compared with the forecasting model.
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According to the research results, at the statistical level of 0.05, the time series of bottled water sales of three sizes have
a tendency but have no seasonal influence. There are three methods to be compared in the study: double exponential
smoothing method, linear trend line method, and Box-Jenkins method. Comparison of forecasting values employs the
criteria of Mean Absolute Error (MAE), Mean Absolute Percentage Error (MAPE) and the lowest Root Mean Square Error
(RMSE). The suitable forecasting method of bottled water size 0.33 liter is Box-Jenkins method ARIMA (1,1,1) while, the
appropriate forecasting method of the bottled water size 0.6 liter is double exponential smoothing method. Last, the
suitable forecasting method of the bottled water size 1.5 liter is linear trend line method. All methods result in Mean
Absolute Error of the production plan of three- size bottled water during 2018 to 2020 reducing to 1.35, 4.95, and 1.13

respectively (unit: a million bottles) significantly at the confidential level of 95 percent.
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Autocorrelation Function for Actual size 0.33
(with 5% significance limits for the autocorrelations)
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Partial Autocorrelation Function for Actual size 0.33
(with 5% significance limits for the partial autocorrelations)
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Autocorrelation Function for Actual size 0.6
(with 5% significance limits for the autocorrelations)
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Partial Autocorrelation Function for Actual size 0.6
(with 5% significance limits for the partial autocorrelations)
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Autocorrelation Function for Actual size 1.5
(with 5% significance limits for the autocorrelations)
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(with 5% significance limits for the partial autocorrelations)
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A15199 1 ’ansUsEInaA e s uSuSsuwuuLeNg

TWuuuidvagesnds
-, wuﬁﬂﬁw?{musiwfm
e 0.33 an3 0.6 ans 1.5 8ng
MAE 0.1863 1.0168 0.6155
MAPE 9.9014 7.2055 7.3307
RMSE 0.2535 1.3585 0.7713
o (level) 1.0000 0.8602 0.8054
ﬂ (trend) 0.0165 0.0141 0.0279

Fatunun ﬁwﬁumiqmmm@ 0.33 &g TAnAsi
284n15U5ULS8U (@ =1.0000, S =0.0165) Tagyinliian
MAE 1711110 0.1863 A1 MAPE 111A1U 9.9014 wagan
RMSE i1y 0.2535 dauendngn 513uuswmmmm
0.6 403 (a=0.8602, B=0.0141) 19iA1 MAE 1¥1AU
1.0168 A1 MAPE tv1f1U 7.2055 WagA1 RMSE tvinAu
1.3585 LLazﬁw?{MUﬁﬁ;mmﬁuum 1.5 8m3 (& =0.8054,
B =0.0279) 19iA1 MAE AU 0.6155 A1 MAPE AU
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7.3307 kagA1 RMSE 11U 0.7713 LagkanuRianaIn
Y89n15NEINTRINEIsUSUSBULUUD NFlUL LT B ade
ﬂ%ﬂﬁ@?wqﬂ éfm%fuaiéﬂimnm‘uawamﬁmaﬁﬁmisﬁ;m@
wiazaun dmsud W, 2561-2563 LARIRIANTIT 5,
6 way 7 AUAIAU
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aunsi (17) (18) waz (19) augdsu

ammswsnﬂmiaa@mstwLﬁauﬁuaqfﬁmiﬁqmm
YW 0.33 AR5 wandsaNnsi (17)

2120 (£) =3.8999 +0.0267/ (17)

AUNIINEINTAYBAVIL TR UVDIUIANUTIIVIA
UIR 0.6 AR LEAAIRIAUNITN (18)

2,50 (£) =19.6046 +0.0681¢ (18)

AUNITNYINTUYBAVILTILLABUVBIUIANUTIYVIN
YUIA 1.5 AN WaARIHIANNISN (19)

2120 (£)=12.4273+0.0552¢ (19)
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mmﬁmwa1mjmmﬁﬁmﬁﬁ;mmmmmm Wy A
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MUARU wansIFARanangduiinsLanLasUNR d9
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95 Wefidud agulfifuvuianumanzaniisydv
HedAgy 0.05
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WIFIULADT = = =
0.33 an9 0.6 &3 1.5 §ns
MAE 0.1951 1.0494 0.5735
MAPE 10.5332 7.2913 6.8867
RMSE 0.2528 1.2823 0.6983
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WNAY 10.5332 wazA1 RMSE t¥1AU 0.2528 LanIA4
aunsi (20)

Y =0.59933 + 0.0243¢ (20)
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AMSUBUNTNLIAVDILBAYITUINNUTIYUIALFIRL VLA
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4.1.3 35n1s5Uenduasiauiud
LARINA AR IT]

1) wdasounsuian mng‘dﬁ 5,6 LAY 7 LU
ayﬂiunmsJamnsmsJLﬁauﬁuaaﬁﬁmmiﬁ;mmﬁy’qam
upslafsAduanduiusluda (ACF) Aae anad Lans
J1eynsunianlalasil (Stationary) titelweynsutiani
ﬂmamﬁ’ﬁﬁa M lalaen1sulateunsuiallagnism
mama 1 ﬂiﬂ LLammamiLLﬂawamamami‘mmamqma
7i1 maqummiiﬁmmLLmauﬁummmmw 8,9 uay 10
AUAU m%wmwauﬂimnammmmwmﬂmu

2) AUTTNUNITHLReIIoN S UoNTuayIauAud
dlofiansan ACF suaqaammafn?{umsqmmﬁammmm
1n3UT 8, 9 uaz 10 wuin A1 ACF i lag 1 Hfudnday
wganeguanvsuInAALieiy 95 Wosidusd dufuy
Fauvuilmunzauierasdusuuuiiddiuusenauves
Autoregressive Iag Moving average ﬁﬂﬁuﬁ%ﬁﬂﬁﬂﬁ’MUQ
Am131imes p uwaz q inratenduldlisuduuy
ARIMA(p,d,q)

Autocorrelation Function for size 0.33 diff
(with 5% significance limits for the autocorrelations)
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Autocorrelation Function for size 0.6 diff
(with 5% significance limits for the autocorrelations)
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Autocorrelation Function for size 1.5 diff
(with 5% significance limits for the autocorrelations)
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DA
v o A

a15197 3 man1sneInsalisnisdenduaziauiuddmiuiing
U339 0.33 8013

ARIMA  ARIMA  ARIMA  ARIMA

0,1,1) (0,1, (1,1,1) (1,1,1)

L REREV IO 13ifi fwad  laidl fiwad
watl sl waid  Avesdl
A A

AR (1) Coef 0.2440 0.5116
¢1 SE Coef 0.1990 0.0811
T-Value 1.22 6.31

P-Value 0.223 0.000
MA (1) Coef 0.4296  0.5441 0.627 0.9776
91 SE Coef 0.0834  0.0777 0.161 0.0195

T-Value 5.15 7.00 3.90 50.14
P-Value  0.000 0.000 0.000 0.000

Constant Coef 0.0261 0.0120
0, SE Coef 0.0097 0.0010
T-Value 268 12.15
P-Value 0.009 0.000
MAE 0.1742  0.1769 0.1736  0.1689
MAPE 9.2976  9.8567 9.1479 9.1788
RMSE 02370 02325 02362 0.2232

Feifuguuuiianunsaldauldvenifuussgun
uNR 0.33 85 J 3 wuu lawn ARIMA(0,1,1) laisinayl
AAIT ARIMA(O,1,1) flwauiAasd uay ARIMA(L,1,1) §
WAUAIAST WALdD991nFILUU ARIMA(L,1,1) A1 MAE
MAPE uage1 RMSE sitan sidedaadenldduuy
ARIMA(1,1,1) @9Sun1snennsalsmeisn1stenduaziay
Aud 91naunisit (10) aun1svessakuuneInsaldae
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A finesaInas1eil 3 anansnileulusuvesaunns
Wmﬂsaisuaﬂﬁumsﬁgmmsuum 0.33 3n5 Lawaaunsd
(23)

(1-0.51168)W, =0.0120 + (1—0.9776B)a, (23)
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dunnsi (25) sudneiu fail

(1-0.3758B)W, = 0.0384+(1-0.9771B)a, (24)

(1-0.6206B), = 0.0272 + (1-1.3222B+ 0.33508%)a,

(25)

9NAN5197 & WuIAEdRvadeU Q 189 Ljung-Box
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Um 0.33 8aT 111AU 20.29 AT p-value Windu 0.503
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WeINIal AILUU ARIMA(1,1,1) SAadidnedeyu Q veq
Ljung-Box Wi 30.46 @A p-value Wirfu 0.083 &4
unniseduTeddy 0.05 tufe fladduanduiuslusm
whituaudvisesduuuiianumangan dwsuldnensal
EJamsuwsJﬁfﬁ?{amisagmmmm 0.6 895 WAZAILUU
ARIMA(1,1,2) dwiduldmennsaitinuussguinun 1.5
803 WU AanENAEeU Q Yad Ljung-Box AU 18.20
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(803) ARIMA(p,d,q) wedauQ  BeTe
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0.33 ARIMA(1,1,1) 20.29 21 0.503

0.6 ARIMA(1,1,1) 30.46 21 0.083

1.5 ARIMA(1,1,2) 18.20 20 0.575
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4.2 wanswssuiisuatwennsal

NMsUNTeyadoundIdIuIY 120 Lo undAnw
mgﬂsuL’Jmsuawammfw?{wisarm wagiluuszan
Arm1sdimesvesiauuuneInsel 3 3% Wewdauuuy
wensalTsnzauuda uarldinnweinsaldoyadiud
2 \ilorUFeuifivuiuaiaisveadoyadiud 2 S1udu 36
Wweou Inullssufisunnisnisnensallamngandinsu
ﬁﬁﬁumiﬁgmmma%mm FINARIHARINNTIT 5, 6 uaz
7 anudsiu TeefiseasiSondal

A15190 5 WSsudlguAminuRanaineaen1sneInsaifieuiy
AT WA, 2561-2563 UBIUIRNUTIIVIATUIA 0.33
ans

AU an = aa am
N AWmsin 38ms DESM AWM LTLM  ARIMA(1,1,1)
RAWaIn

MAE 1.9757 0.8523 0.9015 0.6247
MAPE 40.6119 15.6741 16.7041 11.6821
RMSE 2.2125 1.0982 1.1373 0.8235

mMsSeuliisummnuRanaIneInIsweINsalisy
ﬁ’uﬁw%waaEJanaiwLaawaaﬁwﬁwisﬁ;mmmm
0.33 33 fananslunis1adi 5 wusn 33nsnensaliili
A1 MAE, MAPE Wag RMSE sdn Ao 33msdenduaziau
Aud ARIMA(1,1,1) 5998931 Ap 35nsUSUSsURUULENT
Tuuudeagends 33n5imseiuusldudunss uay
ATNISAN M1ua1eu TR0 MAE 11U 0.6247, 0.8523,
0.9015 wag 1.9757 a1uasu A1 MAPE Wiy 11.6821,
15.6741, 16.7041uag 40.6119 MUaIAU Lazilal RMSE
Winu 0.8235 , 1.0982, 1.1373 Way 2.2125 Mgy

d115UNISLUSYULTNIBUATAINURANAIAUDINTS
wornsalflouRuA1938980nv8S Bl DU LAY
U3590I0UIA 0.6 03 Fauanslunianedl 6 wanudn
A¥n1snensalitlvien MAE MAPE uag RMSE dfian fe
FnsUsuSeunuudndluuuuieaaesnds anstond
LaZlAUAUE DM TIATEMULILTULEUATY LagIaNSIAY
MINEIAU LauA1 MAE 1W1AU 1.2646, 1.8187, 1.9247
WAy 6.2127M1Ua10U A1 MAPE Windu 5.6463, 7.9797,
8.4589 way 28.9295 M1NE1AU WarA1 RMSE tv1AU
1.5700, 2.2702, 2.3722 Way 6.5489 A1Ua0U

A15199 6 WSguiguAIAINURANAIATBINS NNl iUy
A9 W.A. 2561-2563 VBIUIANUTIIVIAUUIA 0.6

ans
A1AY - - ABms -
- 35nsiAu 3B LTLM  ARIMA(1,1,1)
Aawain DESM
MAE 6.2127 1.2646 1.9247 1.8187
MAPE 28.9295 5.6463 8.4589 7.9797
RMSE 6.5489 1.5700 2.3722 2.2702

MswWisuisuAmennsalanue e LiouTe Ay
U5391IAUIA 1.5 803 dauandlupisnsil 7 w1t
WeNsalfilsiAn MAE MAPE uag RMSE fnfign Ao 33
ATAUINTILEUATY SR9asNIDNsUonglazLaunud
F3nsUsudeunuudndluuuudoagetnss wazisnis
WAy muanau lasdia MAE LAy 1.0479, 1.3379,
1.3478 wag 2.1729 m1ua1au A1 MAPE Ay 8.4897,
11.0348, 11.1194 Uag 17.2164 A1Ua9U WazA1 RMSE
WU 1.4044, 1.8443, 1.8586 Way 2.7143 Mua1eu

A15199 7 WSsuiisuAiauRanaIAveIn1snensaliisuny
AN939 W.A. 2561-2563 VBIUPNUTIIVIAVUIN 1.5
ans

AAL ANl

dowain  AZmsdu 3375 DESM 8015 LTLM ARIMA(0,1,1)

MAE 2.1729 1.3478 1.0479 1.3379
MAPE 17.2164 11.1194 8.4897 11.0348
RMSE 2.7143 1.8586 1.4044 1.8443

5. d@5UnauazaNUeNan1sIdY
INHAMTITHANITD TR TR ANUTI9220
Tnemsuszgndldmemennsaiounsunanilionisnensel
Viquwamaqﬁwﬁwssfgsu’msuum 0.33 8n5 0.6 M3
LAz 1.5 3n5 uaziileanvuinvesnnuinnaInduysel
dglumMITausuNIIHAR aunsnagUnaldfl
5.1 @5Unan1sie
msnennsaiounsuresiussyraadsifnyiams
BRAUETIBIFOUTEINUIIINIATLIN 0.33, 0.6 LAY 1.5
a0 deyailtlumsnwmsiu 156 ou Taglddeya 120
Fouusn lefnwidnwurmandoulmusdeynsuia,
Lazas1eaun1INeINTlaINITNTNEINTal 335 As
FnsviuiFsuuvuidndluuuudsaaesnds Tinse
wwaldidunse wardsnisUenduaziauiud Useidliuany
wiugean1sneInsallagldr MAE, MAPE wag RMSE
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ian waziisnsnensaiivszasluldneinsaluas
WIgugUiUA9399 U3 36 WABUVAY
HAN1FITENUIN Tisedutedfny 0.05 dnwaenis
m?{aulmsuaqauﬂmLaawammmwLﬁamaqfwsiﬁmm
maﬁmum d8vsnauualidu Lifidnsnaggnia 35
wmmmwmmuamuauﬂiuL’Jawamﬁuwswmauﬁuaqm
AUUTIVINTIA 0.33 Bng Ao IBnsTenduaziauiud
hAuussgmnTue 0.6 303 Ao FBnsUiuSeuuuudng
Tuuundeadesnds uazthiuussguanuun 1.5 ans fe
FBasiesesiuunlindunss uaziiloIouiieuen
MAE va338msifn Auen MAE ve938wennsalinga
Wud1 A1 MAE suaqm'ﬁ‘wmﬂizﬂﬁfﬂﬁumiﬁmmﬁy’qam
YUINAAFNTINNAY 1.35, 4.95 wag 1.13 muaIfu (ue:
A1UYIN)
5.2 afus1eNan1sIvY
ihuusazauaiiiBnisneinsaifnzausistu
desanngugnénduauazdnumy Ao thiuussgun
YU 0.33 An3 naugnéndulugasduiuduan i
AuUsTqUINLIN 0.6 Ans 1ugnAnguidauazian
duthiuussgnewa 15 e andugnéingudnds

ilrUSununsddevesgnaunndeiu uazuenanil

sATelddFnvuntsnensaifldlulddmiunig
wensaiyonvIthinuIIUIeaTIa Ll
WA, 2564 WiDlTULIMSE M UNTNUHUNIHER LlD
andgmdudinnds Jedenalviduyunisuananas
Usganne 12.72 duum

6. UaLEuauuENIIVY
dmfunisasiadiuuunensal AISENIIAIIVEOY
Auiunzanvesfanuulndnnadidd dannlul
Windy Srdnuvresismaiulivenzauasdestivun
FuuulysifimnzaufUsULUUI890YNTLLIAN WAZADS
finrsandadedusne Wy dununisudn funuuIs
foual Aunudusireeds iWudu Tneurdadedsnantun

asraduduuuanney (Regression model) [22] wiials

TAFIBUUNEIN SN UL ZANEMTUELNTEINIEUNT
HAMNALUIIYVIRKBLY

a a

ARANIIUUTTNA

mu%’aﬁié’%’wuawuumﬁﬁa W.A. 2563 91N
Mﬂﬂﬁﬂﬂﬂaaiﬂ‘dﬂgﬁiﬁﬁgiﬁ’m warUavaUAMlINIY
nsANYIgNaINNTINUIAUUTIFVIN wls’ﬂmamm%
maamummamL%ﬂiulaamimmiqmammsm ALY
Inenmaniuazinalulad fatiuayuiaiesile gunsal lu
aAdendad

LONE15D19D9

[1] River Plus. 4walianarvnssupioshuvedlne 7
2019-2021. Available from: https://riverplus.
com/beverage-industry-2019-2021/ [Accessed
2020 Jun 15].

[2] gssa0 nadnd. nsanAugaaTtunEuIuNIg
NARTNANUSIVIN. 398758990580, 2564; 38(3):
77-90.

[3] wunum inwaAseg. n1swensel. Tu: ngudnls
VAN TaRAIAAILALNITUTLYNALTA IMTUFIUUY
Wagansigmaddadauvusaides. Fosl:
WMIVENae Weslul. 2559; 31-35.

[4] el gugnanse. n1swensalgUasaluldguniu.
Tu: msdanislogunmu. funin$sdl 2. ngamw: e
&u 1Baguadu Sulalvun. 2546; 72.

[5]  99U7A AAUAT. NSNEINTAIRUNTULIANENSTUNIS
WHUNSHAR TUdIuUTENBURER S e U3,
2158157 INITNILAOULAFINTEUATINT ©
umrIngraginaluladnszaounainseunsinie.
2554, 21(3): 595-606.

[6] Jarrett J. Business Forecasting Methods, 2nd ed.
Oxford: Basil Blackwell, 1991.

[7]1 Delurgio SA. Forecasting Principles and Applications.
Boston, Massachusetts: McGraw-Hill, 1998.

[8] unA1 wiufluns. aynsuaIuaznITNegInsal.
NN Usenensn. 2549.

[9] @fiss lngavy, faen yywan. nsas1sLUULiiENS
WEINITAIIIANI1IeNULEE 105. 2754757979075
Ingrmansuazinalulad un1Ing 18651940
UATAITIA. 2559; 8(8): 49-60.

[10] waduef 55338, n1siUTeulisuisniswennsal
drusuainunsanistgnasaulndnludenia
UATHUNN WS BUiB U N SN nsaldmsuay



[11]

[12]

[13]

[14]

[15]

[16]

(17]

[19]

NIaFImnssumansuazuinnisy U0 16 adul 2 Uszdifieu wweu - dguieu 2566 104

aoant1sldndserulvdrludaindauaswuy.
215815391015 Ingrmiansuasinalulad
UM INEIAEULTAIS. 2560; 25(4): 24-37.

Zhao L-T, Wang Y, Guo S-Q, Zeng G-R. A novel
method based on numerical fitting for oil price
trend forecasting. Applied Energy. 2018; 220:154-
163.

Kitworawut P, Rungreunganun V. Corn price
modeling and forecasting using Box- Jenkins
model.  Applied Science and Engineering
Progress. 2019; 12(4): 277-285.

PU YU, qmaﬁ é’ﬁwqwé. AsnensaluSune
Telunemeuludminuasarssalagldinailanig
WUINTAINNEDR. 275875791015 INe 1INl
walulad un1Ing1de 5199 uAsaITIA. 2560;
9(10): 127-142.

aBun{ Tnnymasal. nsAnwiuTeuiisusuud
wanzaudmiunmanensaiduugliissdmes
nsusgurdlrugiinie arviunusidl. 315877
Inemansiuazinalulad unIngI1aesTmans.
2564; 29(1): 36-45.

1519A01 Fouavs. madendauuuneinsaisanii
suituidefinunzan. 2959715 mema0s v,
UM INEIFEYUUNY. 2562; 47(3): 563-5T5.
IINAWT SHUFNL. AILUUNEINTNTIATIARAGY.
2158153 ¥1n15Ing 1189 54analulad
UMY IaLgUATIVEI. 2560; 19(2): 31-42.
Uqr:qu%‘ YUseAvsg, 1a1907 Fefning. druuy
wensalUsNIaINTEIReNNEITRsUsTIWAlN Y.
11981537 In15Ingrmransuainalulad
UM INGIAEUTAIT. 2561; 26(2): 74-85.
Booranawong T, Booranawong A. Double exponential
smoothing and Holt-Winters methods with optimal
initial values and weighting factors for forecasting
lime, Thai chili and lemongrass prices in Thailand.
Engineering and Applied Science Research.
2018; 45(1):32-38.

Abdallah FD. Role of time series analysis in
forecasting egg production depending on ARIMA
model. Applied Mathematics. 2019; 9(1): 1-5.

[20]

Didi El, Kingdom N, Harrison EE. ARIMA modelling
CovID- 19
confirmed/death cases: a case study of Nigeria.
Probability and Statistics. 2021;12(3): 59-80.
Pakdil F. Box-and-Whisker-Plot. In: Six Sigma for
Students. Cham, Switzerland: Springer; 2020. p.
321. Available from: https://doi.org/ 10. 1007/
978-3-030-40709-4 [Accessed 2021 Feb 12]
Weisburd D, Britt C. The normal distribution and
its application to tests of statistical significance.

and  forecasting  of daily

In: statistics in criminal justice. Boston, MA: USA;
2014; 234-268.

Guerard JB, Schwartz E. Regression analysis and
forecasting models. In: Quantitative Corporate
Finance. Boston, MA: Springer; 2007. p. 277-278.
Available from: https://doi.org/10.1007/978-0-
387-34465-2 12 [Accessed 2020 Feb 25]



