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Abstract
The objective of this study is to construct the appropriate forecasting model for the export
quantity of sugar via the use of seven statistical methods, namely, Box-Jenkins method, Holt's
exponential smoothing method, Brown’s exponential smoothing method, damped trend exponential
smoothing method, simple seasonal exponential smoothing method, Winters’ additive exponential
smoothing method, and Winters' multiplicative exponential smoothing method. This research used the
average monthly sugar export quantity from the website of the Office of Agricultural Economics during

January 2011 to November 2020. Data were analyzed using the SPSS program. The results indicated
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that the most accurate method was Brown’s exponential smoothing method (RMSE = 15,350,934). The

1
0.51816

forecasting model was \?Hm = 605,885, 263.89082—70,164,400.52826[(m—1)+7} . This model can be

used to forecast the future sugar export quantity where m = 1 represents July 2020.

Keywords: Export Quantity of Sugar, Box-Jenkins, Exponential Smoothing, Root Mean Square Error
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Table 1. Forecasting Model

Forecasting Time Series
No. Forecasting Model
Methods Characteristics

1 Box-Jenkins "’ SARIMA(p, d, 9)(P, D, Q). : Trend and

3, (B)®, (B°)(1-B)’ (1-B°) ¥, = 5+0,(B)O, (B*)e, Seasonal
2 Holt” Yoom =2, +b (m) where &, =aY, +(1-a)(a_ +b,), Trend

b, = V(at _at—l) + (1_Y)bt—l
7
3 Brown Y.m =2 +b, [(m -1)+ 1} where 8, =aY, +(1-a)a,, Trend
o

b =o(a,—a_)+(1-a)b_,

8
4 Damped Y., =a+b Zq) where 8, =aY, +(1-a)(a_, +b,,), Trend
b, = Y(al - at—l) + (1_Y)¢b1-1
5 Simple Seasonal ! \A(‘ =a, -|~§1 where a, = OL(Yt _étis) “‘(1_0‘)at4 , Seasonal
S, =5(Y,—a,)+(1-8)S._,
6  Winters' Additive’ Yoo =(a, +bm)+8, where a, = Ot(Yt —étfs)+(1—0t)(at4 +b,,), Trend and

bt =“/(at _a1‘1)+(1_'Y)b1-1 , ét :B(Y[ _at)+(1_8)éps Seasonal
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Table 1. Forecasting Model (Continued)

Forecasting Time Series
No. Forecasting Model
Methods Characteristics
i ' ~ A Y,
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Multiplicative ! s Seasonal
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Figure 1. Run plot for the export quantity of sugar during January 2011 to June 2020
Table 2. RMSE of the first dataset
Forecasting Simple Winters’ Winters’
Box-Jenkins Holt Brown Damped
Methods Seasonal Additive Multiplicative
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Figure 2. ACF and PACEF of the first difference, d = 1, and seasonal difference, D = 1,

of the export quantity of sugar

AINN1TLNUAIY NN HR T Az s
s 'S ad @ o a aa o v
Aanuunensaiaedlsiengd-launud 2501501 1

= % dﬂlo o o aa o v a v
FauseaaIn1asaaslaas asnimn lwizauaae

d’lo o casl o v al 1% al
LA Wﬂdﬂﬂﬁ‘i_lﬁ"]'lu"Jﬁﬂﬂi‘Vl’ﬂﬂLﬁ‘El‘LlﬂQﬂL@ﬂl“ﬁ N1AY

o

al'd v asa o v al % d’j o
PRBU T NLULLAN 35N T UA AT TN A

o

niggniastedie TEnein IiBeuAaeLeTTNa

YIAWNATUULLAN WAZATNNN LT BeIUFA 28T

N1A972991N85LLUADL WARIAY (Table 3) WAL

a

ANGT uqmm@mmﬁmiwﬂmmumﬁmenm Al

a
X

fnannaanEng AN i FaUAREAITANAITa

a I's aa o v a 2
AUNBTLEUU LN LL@:‘,’Jﬁﬂqﬁ‘Vl’]eL‘MLﬁ‘EI‘LIﬂ’JF;I

L@ﬁﬁm‘”\m@ﬁum@ﬂmuqm LAMIAY (Table 4)

PBRU Science Journal
Volume 19 Number 1 January-June 2022



FUPATULLUAN LAaAY31 UTNNUNNT898aN1ENANS

o

IS 1 A = KX a dl =
ungﬂumqLm@ummﬂummmﬂu LaNAINATU

f9N1ANAININNGT 0 uazABnsvn WL faeLaTE

a

° o

Ana9redlinesuuLAm wanedn Usuinnis

deganuiniaiAgeludashaungenins

'
A o

\HesanATingnIalAININNdn 1 NaN1IRIAEeL

o

faaNy AT UUUNLINTL WARIAY (Table 5)

o ad v

TANUIN FILUUNEINTUINA519T19T9 7 35 Ao

o o o '

anyfiiuasandanseauioddny 0.05 naane

AYNINIAITBIAIAAIALAADUAINNITNE IO
a A a o =

nnsuanuasiand wasululudaseiu daeas

windudue wazmnnulstsuinduyndaaaan

Waldfauuunainsainas1eanly Table 3

Table 3. Results of the forecasting model
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wnngalunismensaffiununisdeaaniianag
\H89aINHAT RMSE Aign (RMSE = 15,350,934)
A A a -« |a
wsadANEANaalun1sneInsailTuanunIg
#49492n1U1M18 15,350,934 Alaniu LaLALLY

WENIUNT AN LN UL 19A9A9NN AR F WL

(%
s o o

s aa o v a 2 dld
NN UR998N19N M THUARELAITNNAINH
fgn1aet1edng (RMSE = 46,673,979) #seiAdnu
fganannlun1snegnsadlsunnunisdeeaniinig

46,673,979 nlansu

No. Forecasting Methods Forecasting Model
1 Box-Jenkins Vt =0.62787Y,_, +0.37213Y,_, +0.59623Y,_,, —0.37435Y,_,,
-0.22188Y,_,, +0.40377Y,_,, —0.25352Y,_,; —0.15025Y_,,
where Yt—j represents the time series at time t - j and
2 Holt \?Hm =537,736,069.79048 +1, 750, 030.02259( m)
where m = 1 represents July 2020
° prou ¥...., = 605,885,263.89082 - 70,164, 400.52826[(m 1)+ #}
0.51816
where m = 1 represents July 2020
‘ Pamped ¥,.. = 577,558, 273.77689 146,630, 727.33857>"(0.35416)
i=1
where m = 1 represents July 2020
5 Simple Seasonal ¥, = 404,242,976.91642 + 8, where S, is shown in Table 4
6 Winters’ Additive Y..m = (404,611,577.12843 +1,686,582.96135m ) + S,
where m = 1 represents July 2020 and ét is shown in Table 4
7 Winters’ \A(Hm = (615, 832,285.61302 + 1,603, 628.31699m)§t
Multiplicative where m = 1 represents July 2020 and ét is shown in Table 4
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Table 4. Seasonal Index from simple seasonal exponential smoothing method, Winters’ additive

exponential smoothing method, and Winters’ multiplicative exponential smoothing method

Month S, from Simple Seasonal S, from Winters’ Additive ét from Winters’ multiplicative
JAN -142,043,798 -133,748,838 0.47020
FEB -16,660,646 -10,097,872 0.62000
MAR 91,430,440 96,261,114 0.78804
APR 94,237,520 97,336,271 0.80192
MAY 267,751,922 269,119,316 1.03066
JUN 133,450,497 133,088,409 0.88130
JUL 31,102,651 39,392,554 0.85713
AUG 29,989,262 36,550,489 0.83671
SEP -89,518,756 -84,688,642 0.66799
OCT -80,170,150 -77,071,885 0.67417
NOV -172,116,457 -170,750,272 0.50915
DEC -195,026,768 -195392764.4 0.44648
Table 5. The results of checking the assumptions of the forecasting models
Runs Levene
No. Forecasting Methods KS test  p-value p-value t-test p-value p-value
test statistic
1 Box-Jenkins 0.584 0.885 -0.299 0.765 -0.660 0.510 0.181 0.998
2 Holt 0.538 0.935 0.188 0.851 -0.036 0.971 0.343 0.973
3 Brown 0.517 0.952 0.188 0.851 -0.328 0.744 0.527 0.880
4 Damped 0.565 0.907 -0.188 0.851 0.058 0.954 0.373 0.963
5 Simple Seasonal 0.483 0.974 0.564 0.572 -0.108 0.914 0.375 0.963
6 Winters’ additive 0.481 0.975 0.564 0.572 -0.286 0.775 0.375 0.963
7 Winters' multiplicative 0.534 0.938 -0.564 0.572 -0.592 0.555 0.417 0.945
Table 6. RMSE of the second dataset
Forecasting Simple Winters’ Winters’
Box-Jenkins Holt Brown Damped
Methods Seasonal Additive Multiplicative
RMSE 115,753,377 228,950,072 15,350,934 190,538,112 46,673,979 50,306,261 112,145,638
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