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Abstract

The objective of this research was to develop a suitable model for forecasting time series data of
monthly household electrical distribution units of people in the Northeast, Thailand. Data were collected
from the Provincial Electricity Authority from January 2009 — May 2019, a total of 127 values, consisting
of 3 data sets, namely EGAT 1, EGAT 2, and EGAT 3. For the development of the model, the researcher
applied empirical mode decomposition to reduce Fast Oscillation of the data before being forecasted by
two univariate time series models, including Holt ~Winters Exponential Smoothing Method and Seasonal
Auto-regressive integrated moving average. After that, a hybrid forecasting model was created using
combined forecasting method. In addition, the forecasting efficiency was compared by 5 performance
measurement criteria, 1) namely Mean Absolute Error, 2) Root Mean Square Error, 3) Mean Absolute
Percentage Error, 4) Median Absolute Percentage Error and 5) Symmetric Mean Absolute Percentage Error.
The findings indicated that the forecasting efficiency of the developed model was better than two univariate
time series models in all criteria. Therefore, it can be concluded that the hybrid model is the suitable
model for forecasting time series data of monthly household electrical distribution units of people in the
Northeast, Thailand.

Keywords: Monthly Electrical Distribution Units, Empirical Mode Decomposition, Hybrid Model, Univariate

Time Series Model
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3.2 HamsAazvideyadainnugy

HANITIATIERAEDANUFIUNUTIT USunaumioe
Jwhglnihussinnthuegerdonmeany Jusenideanile
nwa.1 WAsselfiouwindy 470.65 duniiedelfiou
dudsavuinasguviiiu 88.74 dumiiesioiieu
fmhedminglnihasganihiu 687.58 dumbeseisiou
fan 281.92 dumiheseifiou nwa.2 TUTunamie
Smhelvihaferoeuniiu 40247 Sumheseiieu

\ =i o v | A =
AUV VUNIRTZIUNIAY 78.61 anUnUIgADNDY U

wihedmheliihasgawiiu 574.94 Snuniiesieibou
fan 237.29 dumiheseifiou nwla.3 TUTunamie
dmhelwihiedereifiouriiu 62843 Emhesoieu
dudsauunmsg it 109.95 Sunhesiewiou &
wihedmheliihasgawiiu 864.92 suviesiaiiou
fgn 394.42 Sumheselfeu MuazLBeafansed 1

3.3 wangnsallaglddiauuuaisuuwuuiiggnia
3.3.1 3nmsinsandeyauinamhedie
IWﬁwﬂizmmﬁma&jmﬁymﬂmﬁuaaﬂLammﬁaﬁ% 310
(ﬁqgﬂﬁ 2) wui1 aswEwunldududmdseneulned
Fnwarmsnszagldaiiavednvazvesnsuiuesn
Wudnuasuanain %ay‘aﬁé’ﬂwmﬂnjmﬁ AOAARDINU
HaN1SARNEUTUS TR NduUsE AN anduTuS
wuveeln ('3‘01‘71' 3-5) Fanun f r, Seannuazifuuan
k fifnios uazanasegnetng e & SAuiuty wazwa
mimaaummmﬁmaa“ﬁa;ﬂaﬁw Augmented Dickey
Fuller (ADF) (n31971 2) Wy A1 ADF wesdasaiia 3
Lifidudfyn19adia (p-value > 0.05) uansi1 deya
s 3 90 Suliuarggniadududsgnou iensuh
%a;ﬂaaigﬂimnmﬁu’q 390 dnwaglined §3deTevinnig

dl 1 Qatﬂy 2 ! [J ! v 1 o L% a = gj v
M15197 1 Aadinugulsinamiedmigliihlssianiuegendenians Tueenideaniiens 3 yadeya

(VY : A1UNUIY)

y y . o o . doudeaiuu
Yataya Joya U Aay Agadn AsisegIU AMEA
1ATFIU
.1 All sample 127 470.65 687.58 475.41 281.92 88.74
Training 120 462.32 611.06 463.16 281.92 82.41
Testing 7 613.42 687.58 634.03 498.88 73.80
.2 All sample 127 402.47 574.94 405 237.29 78.61
Training 120 394.65 531.89 394.89 237.29 72.80
Testing 7 536.63 574.94 563.02 463.45 49.42
nnla.3 All sample 127 628.43 864.92 623.53 394.42 109.95
Training 120 618.34 815.16 616.54 394.42 104.00
Testing 7 801.30 864.92 817.56 731.77 49.31
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wUasdeyalagn1smasn3nuney kAT INaR1IYes
gadayanoutiluas1adinuy SARIMA Han15AsIEi
Yoya ADF (fam5nafl 2) wlefinisudasdoyanuin
nduastoyaynsunaiia 3 g Toyalidnumsasi
Tnesien ADF fdedhdaymsaiian 3 4a (o-value < 0.05)

1

'
a

Wensuiteyaddnuwuagideavdiluldlunis
fnuaswuuludnusely

M15197 2 A1 ADF USanaumhiedvielndinyssian
tuegenduniany Tusenideanilons 3 we

) fauudasdoya nauUastaya
yadaya
ADF p-value ADF p-value
nna.l 0.9056 0.9009 —7.3681 <0.01
ang.2 1.2871 0.9496 -8.6256 <0.01
nna.3 1.6598 0.9758 -8.8500 <0.01

3.3.2 MUUATULUUYBIAILUU SARIMA Han1g

a v o a
’JLF]T]%M%E];I@WUTN]QGHTNW 3

3.3.3 NNSNTIVFOUANUNRLNZAUVDIAMUY LA

firsannutonnandowureaiiuuy SARIMA Faf
fiavain 4 9o wuh FenueeeieAeUSiA A RS
(Yoyated 1 fiein t = -1.609, p-value = 0.110 Foyayn
7l 2 fiAn t = ~1.704, p-value = 0.091 uazdoyayail 3
fifn t = -1.856, p-value = 0.065) ArAINHARIALATDY
fnsuanuasuuutnd (Jeyaed 1 fe1 KS = 0.081,
p-value = 0.413 Yogagnil 2 fien KS = 0.040, p-value
= 0.991 upzdeyayndl 3 fld1 KS = 0.068, p-value
- 0.630) fiAneuraadouidudasyiu (Toyayei 1
o

1A Q-statistics = 19.555, p-value = 0.549 Gﬁa;gasqﬂ

=]

1 2 flA1 Q-statistics = 20.206, p-value = 0.508 Wag
Joyaynil 3 dA1 Q-statistics = 14.712, p-value =
0.837) MuAaRLAdaUIALLUSUTILAAIAERTAIN
NFUN 6 WU AANUREIAAREUTNINIEANe Ll
sULUUTIEsanaladn maueaandeuiidnug
a ) ~ A
AN KANTTNAFOULAAIRINNTIEN 4 UarFUT 6 INNNT
ASIVFDUAMUU SARIMA dmrsunennsaluSunamuag
Fwnhelnihuszinnihuegerdonmeane Jusenideamile
14 3 e dudennadlasdunnde Jsaguladnduuud
a ° 6
AuMINrauiazilunensaisaly

M13°99 3 N1FUTLUUVDIAILUU SARIMA ¥1a 3 Yadeya

?gﬂ‘l’l'aga Estimate Std. Error z-value p-value
nva.1 MA1 -0.327 0.094 -3.492 <0.001
SARIMA(0,1,2)(0,1,1),, MA2 —-0.208 0.091 -2.290 0.022
SMA1 -0.870 0.174 -4.995 <0.001
MAE = 26.509, RMSE = 29.431, MAPE = 4.141, MdAPE =4.628, SMAPE = 4.245
nvla.2 MA1 -0.337 0.099 -3.378 <0.001
SARIMA(0,1,2)(0,1,1),, MA2 -0.239 0.105 -2.275 0.023
SMA1 -0.698 0.096 -7.271 <0.001
MAE = 28.246, RMSE = 31.001, MAPE = 5.149, MdAPE = 6.093, SMAPE = 5.312
2.3 MA1 -0.1983 0.0960 -2.0668 0.038
SARIMA(0,1,2)(0,1,1),, MA2 -0.2401 0.0935 -2.5689 0.010
SMA1 -0.7434 0.0972 -7.6466 <0.001
MAE = 11.827 , RMSE = 14.339 , MAPE = 1.483, MdAPE =1.588 , SMAPE = 1.495
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JUT 6 UHUATMNIINTFILTENINANUARIAATBUAUAIMNEINTHINFIUY SARIMA

M13197 4 ATIVABUANUANIALATOUVDIAILUY SARIMA 14 3 yateya

ST - anududasziu
0 ALR[YLNINY 0 NIFHANLRAILUUUNGA
YAVBYA Ljung — Box Q-statistics
t-value p-value | KS -value | p-value Q-statistics df p-value
Ana.1 SARIMA(0,1,2)(0,1,1),, -1.609 0.110 0.081 0.413 19.555 21 0.549
nvla.2 SARIMA(0,1,2)(0,1,1),, -1.704 0.091 0.040 0.991 20.206 21 0.508
ANR.3 SARIMA(0,1,2)(0,1,1),, -1.856 0.065 0.068 0.634 14.712 21 0.837

3.4 manensalineisnisusuliFeudndlmuuidea
wuulaad - Iuwmas
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Package “forecast” @MUAMUARILUULAZAIRUAAT
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M3ATIERUANIMINEANTaILUY Tnefia1asn
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fifin t = ~0.063, p-value = 0.950 Foyayail 2 fiAn t =
~0.089, p-value = 0.929 uazdeyaynd 3§l t = 0.167,
p-value = 0.867) ArANAAIALAABUTNISUINLAS
wuuUn (feyayndl 1 e KS = 0.083, p-value = 0.446
Honanatl 2 fien KS = 0,069, p-value = 0.668 Tosiamntl 3
fifn KS = 0.077, p-value = 0.544) fenarupaiandou
\udaseiu @oyayadl 1 e Q - statistics = 30.939,
p-value = 0.075 Foyauaii 2 1A Q - statistics = 26.513,

p-value = 0.1876 LLaz‘ﬂ'a;gasqmﬁ 3 fifn Q - statistics
= 18.133, pvalue = 0.641) AMUAAIAAEBUTAIY
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1597 maueasedeuiidnvazasi 9:1nn1sTI9deU
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sl HANITNAFOULAAIRINNTIN 6 uaggud 7

3.5 NMINIINTUAIYALUUNEY
delsmennsafiespeynsuRAB AL 0T HWES
wa SARIMA Taenidnsia 2 anlddmidnivnzanlng
suncs g e tosian (udunou
msadshuuuluduneud 2) Tumstimimindivnya
Ttumnensad Q’%%ﬂi‘ﬁﬂmﬂsmmmm%ﬁ?ﬁﬁ Package
“ForecastComb” @aihilsitiuirmunnmiiniuansas
TiuAmensainanTnszsidensedt 7
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M13°99 5 N5UTLUUVDIAILUU HWSE nila. 713 3 yadeya

yadaya GHORE
nwa.1 Y(p)=(591.184 + p(2.837)) S;3i =1,2,3,..,12 p=1,2.3,..
@ =0.502,8=0.007,7 =0.608 §, =~57.304,5, =~73.889,5, =8.011,5, =19.676,5, = 45.715,5, = 27.809,
§, =21.809, 8, =14.235,5, = 5.847,,, = 8.495,8,, =-30.296,5,, = —46.728

MAE = 24.380, RMSE = 26.756, MAPE = 3.952, MdAPE =4.368, SMAPE = 3.997
nvla.2 Y(p)=(511.774+ p(2.388))S,:i =1,2,3,...12 p=1,23,..

a=0413,8=0.00,y =0.541 § =-31.974,3, =—54.677,3, =19.645,3, =12.658, 5, =37.226,5, =16.263,
§,=8.256,5, = 6.639,3, =—1.280,5,, = 6.069,,, = —14.652,5,, =-29.421

MAE = 18.599, RMSE = 23.208, MAPE = 3.349, MJAPE =2.930, SMAPE = 3.424
nvla.3 ¥ (p)=(787.248+ p(3.155))S,;i=1,2,3,...12 p=123,..

@ =0.489,4=0.00,7 =0.698 §, =—-38.573,5, =—64.916,5, =35.733,5, = 0.935,5, = 40.627,5, =15.852
§,=18.918,5, =18.422,5, =2.471,5,, =10.145,5,, =—18.172,5,, =—36.526

MAE = 13.832, RMSE = 14.740, MAPE = 1.714, MdAPE =1.898, SMAPE = 1.705

M137197 6 ATIVFABUANUANIALATOUVDIFILUY HWSE nila. 113 3 Yadaya

s . - anududasziu
o ALR[YLININY O NSLANKAIKUVUNA
Yavaya Ljung — Box Q-statistics
t-value p-value KS -value p-value Q-statistics df p-value
nna.1 -0.063 0.950 0.083 0.446 30.939 21 0.075
na.2 -0.089 0.929 0.069 0.668 26.513 21 0.1876
na.3 0.167 0.867 0.077 0.544 18.133 21 0.641

A1919% 7 A1 MAE, RMSE, MAPE, MAAPE uag sMAPE 91nnnswennsailaeldsuuunas

%!ﬂ‘illag MAE RMSE MAPE MdAPE sMAPE
Ana.1 12.393 15.935 1.958 1.923 1.984
nna.2 10.058 11.974 1.848 1.770 1.868
nna.3 9.185 11.942 1.138 0.970 1.132
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4. afusnenanazasy
9nnnstdausisnisadiadiuvunaniiioan
AmuAanLAdouYesAmeInTal WelIsuiiisuiu
FAUUU HWSE LaEFILUU SARIMA 99nR91971 8 JUT 8
wazgUll 9 wui FuvusauezliinnuraaAdey
fndiduuuoynsnaduieais 2 fuuy Yssana
2w Tneiamnzdeyaneil 1 nvia.1 wazdeyaynd 2 nvia.2
FoRunumnmsiToivedh fuuunanigideimui
fusgansnmuaziiauaiugilunisneinsaliinndi
éfuwuawmunaw@uﬁmﬁg& 2 fuuy Feaenndesiy
NanLATE1s8s oeslsfionu wiFnduuueynsuna
Badaiianldlunsinwisiendeuluaded e
mwmmmmﬁlauqﬂﬂdwéf’sLLUUﬁﬂiﬁﬁﬁwuﬁu Mg
fuvvsynsunadufnlUlivsslovdnsedusuoy
Aty wasdianuazmnlimanuemedouisensuls

M19199 8 WIBULEUALNANINTIAUTEANSAIMUBIRILUUBUNTULA DA ILAFIWUUNEY

Wnesinns e Yoyaynit 1 nwa.1 Hoyaynil 2 nvia.2 Hoyaynii 3 nwa.3
Uszansam HWSE SARIMA HYBIRD HWSE SARIMA HYBIRD HWSE SARIMA HYBIRD
MAE 24.380 26.509 12.393 18.599 28.246 10.058 13.832 11.827 9.185
RMSE 26.756 29.431 15.935 23.208 31.001 11.974 14.740 14.339 11.942
MAPE 3.952 4.141 1.958 3.349 5.149 1.848 1.714 1.483 1.138
MdAPE 4.368 4.628 1.923 2.930 6.093 1.770 1.898 1.588 0.970
SMAPE 3.997 4.245 1.984 3.424 5.312 1.868 1.705 1.495 1.132
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