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Abstract

This study aims to: 1) investigate and analyze the application of six
methods, namely Trend Analysis, Decomposition, Moving Average, Simple
Exponential Smoothing (Simple Exp Smoothing), Double Exponential Smoothing
(Double Exp Smoothing), and Holt-Winters Method, in predicting the sugar cane
yield in Guangxi, and compare the applicability and accuracy of these six
forecasting methods; 2) this research will not only provide crucial reference for
future sugar cane yield predictions in Guangxi but also offer scientific evidence
and strategic planning ideas for decision-makers in Guangxi's sugar industry; 3)
through theoretical and empirical research, fill the research gap where no
researchers have yet applied these methods to predict sugar cane yield in
Guangxi. The research results indicate that the Holt-Winters Method exhibits the
highest forecasting accuracy, with a Mean Absolute Percentage Error (MAPE) of 17
and a Mean Absolute Deviation (MAD) of 189, significantly lower than those of
the other five methods. Therefore, it is highly suitable for predicting sugar cane
yield in the Guangxi Zhuang Autonomous Region.

Keywords: Forecasting, Sugarcane, Decomposition method, Moving average
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Ad9ged wagds Holt-Winters gnldiuagraunsnatglunisneinsaln1sndnnia
M9INEAT F88aTU Ayesha Tahir wag Nusrat Habib (2013) élddayaiiufionzugn
waznanandalnavesUiaaiusaudd 1990 53 2011 warldivseuiiouainny
Aanann (MAPE waz MAD) i eviuielaslduuutastuilindudy wuusiaes
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(Ruekkasaem, L., & Sasananan, M , 2018) IUﬂWiﬁﬂH’l‘l‘fi‘aj 23RS Minitab Lﬁa
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of Agriculture and Rural Affairs of China" Hsasaunautaaaan dausl 2492 fa 2567
swtanun 76 gadeya il nsdnwdld A1anueainied euduysaliadoidu
Wesldud (MAPE) wagArmnumanaipdeuduysaliads (MAD) lunasiuIeuiiou 6
T8n1swennsal lawn Trend Analysis, Decomposition, Moving Average, Simple
Exponential Smoothing, Double Exponential Smoothing wag Holt-Winters Method
Wleldenuuudiaesiilv Aanuaaaiedeusniian uazwsnzaniigatuyndoyasynsy
I8N
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2. MIAATIENVBYaN9ENA

miﬁﬂmﬁw 6 Won1snensal lewA Trend Analysis, Decomposition, Moving
Average, Simple Exponential Smoothing, Double Exponential Smoothing L& g
Holt-Winters Method wagld MAPE wag MAD tduinasilunisuseiluanuududives
WUUTNa09 TaeLUSHUIBUAINEINTAIAUAIDS

2.1 AWhATziulty

Trend Analysis [umadiafildfiuegnaunsuanslu melinseiounsunan lag
Linear Trend Model amﬁdﬂmsuﬂﬁlauLLﬂaaizawnmaqsﬁaaﬂammsmmmLfﬂu

v = v = v a X o« P ! aa s v
LEUATY YIS DU LLU'JIU@Jﬂ'WiLW@ﬂJu%i@a@a@@EJ'N?N‘V]LlI'P]L'Ja’]N']uVLU ']ﬁua’]ll']ifﬂﬂj

] o

TumsiUamesuwuuiunliivestayanayiveyandrdgydmiunmsnensailusuian

o

« Y The predicted value at time ¢
« a: The intercept, representing the starting point of the trend line on the vertical axis
}/t = a + b * t « b: The slope, indicating the rate of increase or decrease in the trend over time

« t: Time

2.2 F/nsuenasnuszneu
. <) = aa a '3 Y |

Decomposition \Uunildluisnsiiasgvieunsuiian lnguusteyasanidy 4
aeAUsENaUNAN takn wwildy (Trend), §an1a (Seasonality), 79303 (Cyclic), uay
83AUsENOUEN (Random Component) FawinzdmMIuNITIATIEIRATHEINTITDYA
o 1 Y o aad | v v Y 1%
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v & ¢ Y4 a I3 . =

wagldidunwimslunisnensaleurnlafdu laen153LAs1e9 Decomposition & 2
sUsuuvan laun luieaggniauuuuln (Additive Model) Tuiaaggniauuugu
(Multiplicative Model)

1) TumaggniawuuuIN

Tulumageniauuuuan (Additive Model) aynsutaignitatsanindu nasi
Yos0eAUsENaUA1Y Lald wwildy (Trend), gana (Seasonality), 39305 (Cyclic) way

(3 1 = 1 1 (3 =

23AUTENAUEN (Random Component) FI%RN18AINNIT WARZDIAUTENDULNANTENU
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2) laagaMAakUURN

Tulumaggniauuuam (Multiplicative Model) aynsuiaaigniiatsaniniu
HagYeedAUsEnounan aud wwildu (Trend), §an1a (Seasonality), N3 (Cycle)
uazesAUsENaUEs (Random Component) Fawsnedmiunsdlil eadUsznouusazi

v v §w

JUfduiusiukavdnansenuTNAudeAURUNIULAETINTDIDUNTULIAN

* Y, is the actual observation at time ¢.
* T, is the trend component at time £.
Y,t _ Tt X Ct X St X It * S} isthe seasonal component at time ¢.
* ()} is the cyclical component at time ¢.

* I, is the irregular component or error term at time £.

3) FBAnadeAGaUN
. <) = adq ¢ g v o | a 1
Moving Average tunildludsnisneinsalildnisauins Aadeves n @l
angaluaynIuIan WieassaunIsnensel ey wiazAdaassmdnwingy 354
PIANHANTENUVDIANUNUHIULUUFH (Random Fluctuation) wagaielviualiuves
Toyaiinnusudeuiu viesenindu 3nsusudisnlud® (Adaptive Method) &4

gunsaUSuAnlvianuaunaLazadaLaNINTY ANN1THEINTAITULUUAS

* F,_ :Forecast value for time point £ + 1.

Z?__ﬂl Y;_;:Sum of the last n data points up to time £.

Zn—l Y, .
F J— i=0 “t-i * Y} _;: Actual value at time point £ — i.
t+1 —

n * nis the number of time points used for calculating the average, i.e., the

period of the moving average.

4) 35159 A Ss UL UUD NElLULT AR
Single Exponential Smoothing tJu3swennsaliild Atadeaisuintinees
Toyaluedn lieaanisalatlueuen lag admdniunnidmivleyadign way
% ) v ~ | aa s ° ) U v
anA U mTnvesteyaiiey lnasenld I8 dmungdmsu sunsuaani luduuildy
(Trend) FALAY wazdlganAuRurIuYeItayaieliuuilduiiniuseiilawuiniy

aun1snensalzuwuunal

* F}.q represents the forecast value for time ¢ + 1.

* Y isthe actual observed value at time £.
Fi 1 = aY; 1—a)F,
t+l t + ( ) ¢ * F}isthe forecast value at time .

* «is the smoothing constant, with its value range being 0 < « < 1.
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5) Bmwhlhseuwuudndlmuudeagesty

Double Exponential Smoothing Junsiamfissizain Single Exponential
Smoothing Ingeanuuuunlimaunzdmiu eynsuafiduualdudadu (Linear
Trend) 334 liifisauifansndrvostoyaluofin uwidardsda wunliuvesdoya
(Trend Component) f 28 Double Exponential Smoothing 19 @esaunas Tunns
wensed laud aunisdmsuseaudeya (Level Component) , aunsaivsuwualiy

Y94703a (Trend Component) aunsnegnsaliguluusail

Level Equation: L; = a¥; + (1 — a)(Li—1 + T)—1)
Trend Equation: Tt = y(Lt — L) + (1 — )T

Forecast Equation for the next time unit:  Fi1 = Ly + T

* Y;: The actual value at time £.

* L;: The level component at time ¢.

* T;: The trend component at time £.

* F,.q:The forecast value for time £ + 1.

* «: The level smoothing parameter, controlling the model's emphasis on
recent observations, with a value range of 0 < « < 1.

* ~v: The trend smoothing parameter, controlling the model's sensitivity to

recent trend changes, with a value range of 0 < -y < 1.

6) 35 Holt-Winters

Holt-Winters Method tun1siWauiseain Double Exponential Smoothing
Ingluiieaiansun seauvestaya (Level) wazuudliy (Trend) Wity ke
asAUsENBUAgMA (Seasonal Component) vilanunsaldléfudeyadislnnuiuniu
A1UgAN188813TAAY Holt-Winters Method a@unsauuseanidu 2 suuuuy lauwn
Immaqﬁlmmwumn (Additive Seasonal Model) e Im@aq@lmmwuqm
(Multiplicative Seasonal Model)

7) laggnIakuuuIn

Additive Model wsnzdwmiu doyafifienuifusiunuggnialusuiaiinad lsl
LU?1'sJuLLaniﬂmmzé’UsuaaaumuL'Jm

Level Equation: Ly = a - (Y; — St5) + (1 — ) - (Ly1 + Ty 1)

Trend Equation: Ty = 7+ (Ly — Ly-1) + (1 — ) - T



Msasaneansnsiaudiny U7 3 atudl 4 (nsngiau - Aanau 2568) | 839

Seasonality Equation: 8¢ =& - (Y; — Ly) + (1 —d) - S
Forecast Equation for the next time unit: Fyr1 = Ly + T + Si1-

8) lunaggniakuunns
Y Y

' o o

Multiplicative Model tnung@1msy oy an TAMUKUNIUAINGA N
L‘UgEJTJLL‘IJ@QiﬂG]’]iJSSﬁU‘U@Q@HﬂﬁJL’Ja’]

Level Equation: L+ =& (5},/,) + (1= a)(Li+ Tia)

Trend Equation: 7} = 'Y(Lt‘*\Lt—l) + (1 —v)Ti

Seasonality Equation: S =& (%’f) +(1—6)8;-5

Forecast Equation for the next time unit: Fr+1 = (Lt + T3) X Spe1-s

* Y;: The actual value at time ¢.

* L;: The level component at time £.

* T}: The trend component at time £.

* S;: The seasonal component at time ¢.

* F};.1:The forecast value for time ¢ + 1.

* «: The level smoothing parameter, controlling the model's emphasis on recent
observations, valuerange 0 < a < 1.

* 7y: The trend smoothing parameter, controlling the model's sensitivity to recent trend
changes, valuerange 0 << v < 1.

* &: The seasonal smoothing parameter, controlling the model's adjustment to the
seasonal component, valuerange 0 << § < 1.

* 8: The length of the season.

3. MISsuigunnuwtiugvesAmeInal

Tunsfinuilld Araueaiaiadouduysailadeduosifus (MAPE - Mean
Absolute Percentage Error) whag ﬁ'ﬂmmmmLﬂﬁlauﬁ’myjiaﬁaﬁlﬂ (MAD - Mean
Absolute Deviation) {unasilunmsuszifiutasiuSeuifisuanuudugvasuwuudiany
wennsalildiuteyasynsunan mauuudiaodleliien MAPE uaz MAD filge axdie
Mdunuuiaesiianganiigdmiumaneinsoideyayni

3.1 Aeueaadeuduysalindoduedidus

MAPE 13 upniilddn Toianatniad ssznineanensaifuaiaielusduvy

Wasius laeanlagan vanefeuudiaesdinnuuiugnay

* nisthe total number of observations.

* Y; is the ith actual observation.

PVIAPE = % Zn (‘hih ) X 100% * }"’] is the ith predicted value.

=1\ %

*Y; — Y,| represents the absolute error between the actual and predicted values.

* Y,\ represents the absolute value of the actual observation.
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3.2 AAUARALATE ALY Talde
MAD ilupadeuas TeRanainduysalsenineine1nsaliua1ase Ingaves

MAD 8411 vanegfauuuIaaedlinnuuiugngadu

* nisthe total number of observations.

D IAD - l n |Y . -f/| * Y] is the actual observation at the ith position.
T on Ziil 2 2 .

}A’, is the fitted value for the ¢th observation.

* \Y, = )‘/,| represents the absolute difference between the actual and fitted values.

NaN15I8

1. NanANYIINYMENTUAIULUAIUDIBUNTULIA
INMINATIER Nsdeuwlasvesrandndaslundneg lnglddayasunsuiian
AaAT 2492 §i 2567 FviavidA 76 Iadeua WU wuiliuvessunsuIalag TIud

a QI é’ 1 U d‘ U ldl
NANINENNYUBDY NN BDEUBD WQLLEWQIUE‘UVI 1

Time Series Plot of Sugarcane yield
Unit: 10,000 tons
9000

8000

4000

Sugarcane yield

3000
2000

1000

JUN 1: wHUNIMNSNIEanefvamanandes (U 2492 - 2567)

2. NANIINYINIALAUUUUTIADIAN

2.1 #aNSNEINIAILALIBILAT 1SN

149 Linear Trend Model lun1swennsainandndas Tngaunisnensaifilade
Yt = -2066 + 123.17t Inedi Y AoAneinsaivesdf t uas t Aevaaaa19 doens

NYINT NANISATIEVNUIN MAPE = 485 ag MAD = 1011 fawanslu
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Trend Analysis Plot for Su?arcane yield
inear Trend Model
Yt = -2066 + 123.17 =t
Unit: 10,000 tons

Sugarcane yield

1949 1956 1964 1972 1980 1988 1996 2004 2012 2020
Year

Variable
& Actual
- Fits
Accuracy Measures
MAPE 485
MAD 1011
MSD 1370550

JUN 2: wansnensadlaglduuudnaasinsgiuuiliy

2.2 nan1snensadlagisnisuenasausznau

| 841

310 JUN 3 awnsadanaladn deyasynsuandingiuilidy (Trend) wazadn

HUNIUAILAANIA (Seasonality) LH0Y1IN153LATIEVBIAUTENDUVBIBUNTULIAY WU

lupaggniawuuuIn (Additive Model) TR MAPE = 485 uag MAD = 1011 (flaians

Tu 35U 4) Tuimaggniauuuga (Multiplicative Model) T¥fn MAPE = 484 uag MAD

- 1011 (Fauandly 5U7 5)

Component Analysis for Sugarcane yield
Additive Model
Unit: 10,000 tons

Original Data Detrended Data
- -~ .
7500 st o
. et
5000 -~ .
=
e o -~ -
2500 o =
..—.—.—.—-——’-P” v
o s L
2000
1949 1963 1978 1993 2008 2023 1949 1963 1978 1992 2008 2023
Vear .
Seasonally Adjusted Data Seas. Adj. and Detr. Data
- ~ b
a0 $ o 2000 e
. -
5000 -~ .
oo -~ “‘-’
- o
2500 ~ ol
o o
o .
2000
1949 1963 1978 1993 2008 2023 1949 1963 1978 19931 2008 2023
Vear Year

UM 3: N7ieseiesAuseneuteyananandeslunineg @ 2492 - 2567)
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Time Series Decomposition Plot for Sugarcane yield
dditive Model
Unit: 10,000 tons

8OO0

6000

MSD 1370570

4000

2000

Sugarcane yield

-2000

1949 1956 1964 1972 1980 1988 1996 2004

2012 2020
Year

JUN 4: wansnensallagldiinisuenasduszneu - lwmaganiakuuuIn

Time Series Decomposition Plot for Sugarcane yield
Multiplicative Model
Unit: 10,000 tons

Sugarcane yield

1949 1956 1964 1972

1980 1988 1996 2004 2012 2020
Year

JUN 5: wansnensallaglilsnisuenasduszneu - lumaggniauuug

2.3 Nan1sneINsallaelsARamaaud

310 §UN 6 wud MslEIsAeieAdeun (Moving Average) lagimunaIy

| i a & ° v saa 1 = o s a4 &
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Moving Average Plot for Sugarcane yield
Unit: 10,000 tons.
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Smoothingr Plot for Sugarcane yield
Double Exponential Method

Unit: 10,000 tons
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2.6 NAaN1S¥NUI8A835 Holt-Winters

1) WUUTIABINITLALLLA

~ v ° a ] aa X 2
WalduuudaeInIsRuLAIvedIsuae Holt-Winters A318130909N1AAD 3
A1 NIsUSUASsuAD QUsEAU)=0.9, Y(ualdw)=0.1,

S uggn1a)=0.9 uaz
MAPE=17 uaz MAD=189 fsiluanslugudi 9

Winters” Method Plot for Sugarcane yield
Additive Meth,
Unit: 10,000 toi
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Winters’ Method Plot for Sugarcane yield
Multiplicative Method
Unit: 10,000 tons
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A15199 2: NIAIANITAINISHARNDDUBININGE

Year Sugarcane yield FITS

Unit: 10,000 tons

Forecasted value
Time Actual value Holtwinter's Additive Model Simple Exp Smoothing Method Maving Average Method
MAPE=1.9 MAPE=2.1 MAPE=2.3
2022 7,116.54 7,404.15 7,370.41 7,388.79
2023 7,22321 721128 7,141.93 7,24082
2024 1,486.73 7,208.84 1,215.08 7,169.88

Winters” Method Plot for Sugarcane yield
Multiplicative Method
Umnit: 10,000 tons
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