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Abstract

The objectives of this research are 1) To forecast Cement Price Index of Thailand by
ARIMA model and ARIMA X model and 2) To compare the efficiency of the models.

Theresearch is a quantitative research, using Cement Price Index, Oil Price Index and
Electricity Price Index data from January 2000 to June 2016, covering 198 observations. The methods
of this research applying Augmented Dickey-Fuller Test (ADF) for test the stationarity of the data,
estimation the parameters of the model by the Least Squares and the Theil's Inequality Coefficient

The research results found that 1) The results of ARIMA model showed that the ARIMA
(2, 1, 2) are the most appropriate one for forecasting the Cement Price Index. All models provided
the least values of Root Mean Squared Error and Theil's Inequality Coefficient as 2.7455 and 0.0128
respectively. The forecasting results of monthly Cement Price Index of Thailand for July — December
2016 were 108.8, 108.4, 108.5, 108.5, 107.48 and 106.9 respectively. The results of ARIMA X model
showed that the ARIMA (2, 1, 1) AOIL, AELE are the most appropriate for forecasting the Cement
Price Index. All models revealed the least values of Root Mean Squared Error and Theil's Inequality
Coefficient are 3.4921 and 0.0167 respectively. The forecasting results of monthly Cement Price
Index of Thailand for July — December 2016 appeared to be 106.6, 106.1, 106.7, 107.0, 105.0 and
105.6 respectively. 2) The comparison of the forecasting performances of ARIMA model and ARIMA
X model found that the Root Mean Square Error (RMS E) of the two models are 1.2115 and 1.2129
respectively. Therefore, ARIMA provided more precision than ARIMA X, but there were slightly
differences as the gap was only 0.0014 and it can be concluded that the RMSE of the ARIMA model

and ARIMA X model generate are almost the same forecasting performances.

Keywords: Cement Price Index Forecasting, ARIMA Model, ARIMA X Model
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A 4 a tg Y v A o
A1519% 3.1 amMsnsa o lumsaagulomyuauyy AR(p) 1ag MA(q)

31319909 Autocorrelation (ACF) o

Partial Correlation (PACF)

¥HAVDI Model

ACF - 989 aAadLL exponential UIUAAVVDY
1 1 1 1 o -4 T
PACF —ﬂ1§jﬂijﬂﬂl@ﬁ&‘l/lﬂﬂﬁﬂ‘ﬁ lagl, wag lunuanduius autoregressive(p) M1 1
4 4
N lag ®U
@ o 1 o o w
ACF - 13Udnualuuy sine-wave H30A089aAAUUY | SIUIUAAUVO
exponential autoregressive(p) 0D 2
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] 9 o’td' d’
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MwamInensain launlFesumeuduamNnavuIswaIFIUIUAURFEA
AANAAADUNIAIED9 (Root Mean Square Error : RMSE) 71 1439A1A10LARA19T 21 319A193 9
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111131899 ARIMA (AZHUUTIA09 ARIMA X Tagnan1sans1ul9oonily 3 821 Ao 1) A3
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ARIMA X(p.d,q) tagwanisnenssiayiisiayudmudvesilszimalneTasuuniiaos
ARIMA 1agti1u31899 ARIMA X 142 3) 1f5eumneunsUsiuainisne1nsaise g

LUVD1a09 ARIMA Laziiu1a89 ARIMA X

1. MINAADUAIINIIVDIYONA (Unit Root Test)

k) 4 v
TumsdAnpiageil himsnadeunuiisvesdoya A2675 Augmented Dickey-Fuller

Test (ADF) Tagsldunusiaes Ae Hyadaunuuaziud 18u0an (Trend and Intercept) HUDT1AD4
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v
= %

A 1 D) ° Ay 1a Y @ v
nigadaunuua lutinua Tdunan (Intercept) tazuuvusianed lulinsgadaunumazuul Tiiy
[ a = ' YA ( 1 (% Y 1
1181 (None) HagimMsnasaaonaInNNa Mg auvesdmlsuaazdns lavinm
Akike Informatiom Criterion (AIC) AXA1A1gALAZAIMUAAIAIINAIT 1IAY 4 1E7
S euReun1a0a ADF statistic 7 18910013 NAAOUADA1INGA MacKinnon critical 8 5¢AU

% o l&

) Y = @ 1 dy
Hya1ny 0.01 "If\‘iulﬂNﬁﬂ?iﬁﬂ’ﬂ?ﬂfi@”ﬁﬁﬁﬂqﬂu

v
=

A . ] U = A 9
M350 4.1 HANMINAGOY Unit Root ¥o4903an 15 1umsAnyIngeal Level: 100) Tuaums

PRI NG
Variable Include in ADF Test Prob. MacKinnon ﬁ?ll
test equation statistic critical 1%
level
None -0.2498 0.5951 -2.5764 Non-Stationary
(CEM) Trend and Intercept -3.0657 0.0502 -4.0041 Non-Stationary

Intercept -3.2610 0.0120 -3.4627 Non-Stationary
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A1519N 4.1 (919)

Variable Include in test ADF Prob. MacKinnon a3 il
equation Test critical 1%
statistic level
None -0.0114 0.6778 -2.5764 Non-Stationary
(OIL) Trend and Intercept  -2.8211 0.1914 -4.0039 Non-Stationary
Intercept -2.8069 0.0290 -3.4625 Non-Stationary
None -0.3866 0.5438 -2.5764 Non-Stationary
(ELE) Trend and Intercept  -2.9056 0.1629 -4.0041 Non-Stationary
Intercept -2.3644 0.1532 -3.4627 Non-Stationary

[

NA15197 4.1 ﬂ1‘iﬂﬂﬁflﬂﬂ’ﬂuﬁﬁlﬂﬂﬂ7ﬂuﬁﬁﬁﬁ1 order of integration I0U 0
A 9 v A =) d v A %’ Y ,-j( a a [ = = A
130 1(0) mawagaﬂ%uﬁmﬁummm %uimmmuwmwamazwammmﬂimmﬂmu

vazaytisima 1Wih TaeliauuAgiunan fie (Hy : 6 = 0) 8181 ADF Test iA11ANIIHS 0

[ Y 1A T3 iAW 1A
M1INUAINDH MacKinnon uﬁm’mﬂu%gaﬁu Auauy 13414 (Non-stationary) Han15NATOY

WU A1ADA ADF Test Ad 1w 1d Tugilaunis Ta1w1nn71A19099 MacKinnon 152A1

[} Q'/dQI a A o

Wad1Aw 0.01 mﬂamuaummuwaﬂ uuﬂamanammmuﬂwﬂﬁaﬁﬁﬂymz”l:uuwméf‘u 1(0)

U U

Y
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a szdisdda 0.01 drod1aTu MInagounNuivesteyadyiinaniniuemawuas
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naasaaitl Tas@oudu i lag 0 11 1) nuU1a0ad i padaunuuaziuul11iumal (None)

' Y
1dmanalunmsmuiauming -0.0114 G’T&qﬁmmnmmnﬂqmﬁizﬂuuﬂﬁwﬂﬂuj 0.01 AIUUTY

(2

gouSUANUATIUMANNI Yoyalanyme liilaid1an 100) 2) nnudiaesdigadaunuag

Q
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11211731981 (Trend and Intercept) 1AA1ADA TUAITAIUIMNINDY -2.8211 FaTAI1MIANIA

v 1
Y v o w v v =K o a v A 9 v lJlleo

aﬂﬂﬁﬁﬁzﬂﬂuﬂﬁ1ﬂi‘g 0.01 AMUUIYBUTUANUATIUNANNI Yoyauanyu Iianaau 1(0)

U

uaz 3) unuiiaesniigadaunuua bifinua Idunal (ntercept) lamana lumsmiuianiny

i v 9 v
-2.8069 FeliAnnmanganszauisdnn 0.01 ANILIONT UANNATIUNANNI Toyall

' v
ra

% A o %
anuae liianddu 100)

A 9 o o

iedeyanudsnnaalanyus Tiied 10) udr Aesduiiunmsnageuanuilaues

G
]

Y 1

Joyauaazanlsnszaumaaaiauda 11 (difference) 9unnvz 1dA1a0a ADF Test N1foy
A31A1309A MacKinnon F491ANISNAAOUAIBNITHINAA9EIAUN 1 ¥ 0 I(D) wazldna

ﬂﬁﬁﬂ‘]&l'lﬁﬁﬁﬂi%‘]‘ﬁ 4.2
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s . ) = = A )
AT NN 4.2 WAN1TNATDU Unit Root maﬂﬂlﬂgaﬂi%’ﬁlumiﬁﬂﬂmﬁzﬂu Level: 1(1) 1uﬁuﬂ1

PRI GINGRNG
Variable Include in test ADF Prob. MacKinnon a3 i
equation Test critical 1%
statistic level
None -11.4753  0.0000 -2.5764 Stationary
(CEM) Trend and Intercept  -11.4238  0.0000 -4.0041 Stationary
Intercept -11.4467  0.0000 -3.4627 Stationary
None -13.1416 ~ 0.0000 -2.5764 Stationary
(OIL) Trend and Intercept  -13.1014  0.0000 -4.0041 Stationary
Intercept -13.1146  0.0000 -3.4627 Stationary
None -8.5395 0.0000 -2.5764 Stationary
(ELE) Trend and Intercept ~ -8.5298 0.0000 -4.0041 Stationary
Intercept -8.5315  0.0000 -3.4627 Stationary

[

NI 4.2 1H10IMINATDU Unit root U9IToNaNa1aUN 1 U530 order of

G

' [l
aaA o ! ' a IS

integration 11111 1 1d1Wu1 damdsnnarlimanandiviu lddosniinriinganszau

9 v ' A

' 4 9
WediAy 0.01 Wu31 dwlslanyaziandiay 1(1) Tun 3 39uvuAD None, Trend and

Intercept 118¢ Intercept HN18AIUI AL sNAAINAVANTAAIINUIN A10UN 1 o 52A
v o w v gl} =2 o w @ o Y o
WodAan 0.01 sy Jeansaihaalsnnaa lunensal Taglduuusiaos ARIMA naz

HUUT1a09 ARIMA X 1@
G’ o o
2. Manennsalagluuuiiass ARIMA tag 11899 ARIMA X

2.1 MIMHUAUVUVD1899 ARIMA

2.1.1 Vunounsmvua3iiuy (Identification) iweulasdoyaoynsunaives

A o

= = o Y A 1 o o A A . .
ﬂ%uﬁmﬂ“umuum (CEM) Tiianyuzile IaensiiNan19a1aua 1 130 order of integration

'
[ a

" v 9y v 9 = o 9 Y J AR
Ny 1 Llﬁﬂ\ﬂ“ﬂlﬁu’ﬂﬂl@ﬂﬁﬂ NHMUS U Lm%‘ﬂWﬂWi!LﬂﬁﬁeUﬂlluﬁﬂ38ﬂ15W1ﬂT§1€Jﬂ15‘ﬁ3J (Log)

U

A v A A A 2 ° o v '
LW@KIW"UUNQNﬂﬁ?ﬂllﬂiﬂi?uﬂﬂﬂm’lﬂﬁ]ﬂﬂ]u LLEIZﬁ'lll'liﬂﬂ'lﬂuﬂllﬂ“lﬁ]'lﬁ'ﬁ]\ihlﬂ Tﬂﬂﬂiﬂﬂﬂ']

[ o 4 X o o 4 (Y
Correlogram YOITHTUNUT 11ABIHID Autocorrelation (ACF) HATANTUNUT IUAIDY
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U19TIUNS ® Partial Correlation (PACF) Lﬁﬂﬁiﬁuﬂ Auto Regressive AR: (p) 8¢ Moving
Average MA: (q)

1091 Correlogram U983 ACF Liag PACF‘ﬁ 1* Difference (d=1) ‘ﬁulﬁ)!,ﬁlﬂﬁmim1
awideu'ly a301841 stnuy ARvA Riilu 'y 18vesdeyaeynsunaryails 2 juuun fe
ARIMA (2,1,1) 4a¢ ARIMA (2,1,2) Taouaaslugaliassu faf

nuusiaesd 1 ACEM, fulasuuesaineii (Constant Term)

AR(1) AR(2) MA(1) 25)

Lm‘uﬁmmﬁ 2 ACEMtLﬂuﬁqﬁﬁﬁummmmﬁ (Constant Term)

AR(1) AR(2) MA(1) MA(2) (26)

4 9
Y4 R o 9
2.1.2 wuﬁaumﬁ/ss‘:mm (Estimation) %1ﬂﬂ1iﬂi$lﬂﬂ!ﬂ1‘ﬂ\i 2 LU0 Iﬂﬂclﬂf

18991100 gA (Ordinary least square) NI1T QAT t-statistic 1UA1TNATOUAINT]

De

A o
N1

)

@8

1 Y
dfneanansgay 0.01 HamMsnagoUET0TU1E Ian il

& ! o { [ {
1) 91099AFY (25) KamMsUTTUAWBUTIA0IN 1 AIN15199 4.3

d’ \ o
A1519N 4.3 M5UTTUIUAMVUIINDI ARIMA AR(1) AR(2) MA(1)

Variable Coefficient Std. Error t-Statistic Prob.

C 0.0188 0.0005 1.4698 0.1432

AR(1) 1.5201 0.0282 36.1040 0.0000

AR(2) -0.8433 0.0259 -9.3769 0.0000

MA(1) -1.0000 238.0106 -0.0042 0.0000

R-squared 0.6226  Akaike info criterion -3.6712

Adjusted R-squared 0.5952 Schwarz criterion -3.5896

F-statistic 8.2332 Durbin-Watson stat 1.9976
Prob(F-statistic) 0.0000

HHBLYe - NNMIANUIV

AInCEM, = 0.0188 + 1.5201AInCEM, ,-0.8433AINCEM, , +€¢-1.0000&;_4 (27)

t-statistic (1.8698)  (34.1040) (-8.4769) (-0.0042)
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= ' v a £ ' P Y SO .. ' '
auNIIN (27) e dulszansvoen1AI (MY 0.0188 1A t-statistic 1MLANAS

d

nngudsdaiivodianeadan 0.01 wineAuN mﬂm"lmuaaﬂu AncEM, luvaziia
Fulszans AR(D) Sty 1.5201 a1 tstatistic uanaenIngudedeiiodfymaeaaan
0.01 vneanunmalasuntaundenlvives AR(1) Tnamadoanuny AinCEM, Tuwmy

e Mﬂi“”mﬂ‘ﬁ AR(2) UAUNIND -0.8433 WA t-statistic !,mﬂmqmﬂﬁuﬂamq Had 1Ay N1

ﬁll.

[ [

o 9
an O 01 wuﬂu mmm‘igﬂaﬂuuﬂmmaauklwwm AR(2) 3J‘1/]ﬁ‘1/]1\‘1§5]i\1ﬂu6111uﬂuﬂ‘lj

T W

AlnCEMt drumdudszans MA(1) Heumisy -1.0000 a1 estatistic tanA1I9INFUTRE1ST

v o w Aaa ] o [ ~ A AaAa

Wed1Agmeddan 0.01 wunu vaneanumslasuulauniou lvives MA(1) Ifian
v 9 v v

asanudmnuny AlnCEM,

2) 1IAIATY (26) HamIUsZINAUMUVVTIADIN 2 AIAIT19N 4.4

Q13197 4.4 M3UszuUA WVVIIE0I ARIMA AR(1) AR(2) MA(1) MA(2)

Variable Coefficient Std. Error t-Statistic Prob.

C 0.0126 0.0005 1.4852 0.1391

AR(1) 1.1383 0.1995 5.7037 0.0000

AR(Q2) -0.3414 0.1880 -1.8163 0.0000

MA(1) -1.1249 25.578 -0.0439 0.0000

MA(_2) 0.1249 4.0267 0.0310 0.0000

R-squared 0.5444  Akaike info criterion -3.6632

Adjusted R-squared 0.5227 Schwarz criterion -3.5652

F-statistic 6.6538 Durbin-Watson stat 1.9991
Prob(F-statistic) 0.0000

ULV - NMIATUIN

AInCEM, = 0.0126 + 1.1383AInCEM, -0.3414AInCEM, , +€¢-1.12498;_1+0.12498_, (28)

t-statistic (1.4852) (5.7037) (-1.8163) (-0.0439) (0.0310)

'

aunsh (28) MavsLaNTU0INININ (NINU 0.0126 A t-statistic ‘liil,mmsmmﬂ

4 1

GATNGEARHY ﬁﬂmﬂmmqaaw 0.01 wmammmmmﬂmuaaﬂu Amncem, Tuvaizia

a ]

4 1
dullszans AR(1) NAUMINY 1.1383 UA1 t-statistic LLGIﬂ@]N%Wﬂﬁuﬁl’ﬂﬁlﬁﬂuﬁlﬁWﬂiyﬂNﬁﬂﬂﬁ

0.01 nwanunmsideunlauadon lnives AR() TRamaReI Uiy AinCEM, Tuamz
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' o 0 w

a Qa‘ 1 1 1 4 1 I
£ANT AR(2) UAWNIAD -0.3414 A t-statistic LANANIINFUIOE1INTBF AN

g

=)
>,
—

o Re
=
=
"))

9 [

1 o 1 td' ﬁ' S A g g
01 tyuUnu u,mJmnﬂaauuﬂmmaaﬂmmm AR(2) UNANIATINUVINNUNY

ko))
DD
33)
=0
o
o

4
a =

AinCEM, druadulsg@ns MA(1) TAumiiy -1.1249 T t-statistic 1ANA19INgUTDE 14T

'
aaa

Wednynianan 0.01 unu vueanumsasunlaunaoulvives MA(D) Tinania

1 U a QJ 1 1 % 1
AsanUTIuAUAY AInCEM, nazamdudsea@ns MA(2) HAUNIAY 0.1249 A7 t-statistic

9 v a

J d Y aa 1 o 1 { 4
lmﬂ@lNiﬂﬂﬂuﬂ'ﬁ]ﬂNﬁuﬂﬁWﬂﬂl%Nﬁﬂ@‘ﬁ 0.01 t¥UNY wmﬂmmmﬂmﬂﬁﬂuuﬂmmﬁau'lm

9

Y94 MA(2) Hiamanenununy AinCEM,

3) MIATIVNAOUAIWGNADN (Diagnostic Checking) 1ABN15ATINAOUNANNTN

Y . a 49! A & a [ 1 o Y 1
1@TiTeyn1 Autocorrelation tRaduwI 0 1 Favmnadyniainar g ldnmsdszuanm
o a £ va g (5 1 Aa A .
duilszansvesaunisoanosviaguaniaudiszuian1na ¥3e BLUE (Best Linear
[ 1 o 1 A a ]

Unbiased Estimator) gouainaiiiliaimeinssininasingunisnanee ligndesuianiiu
oA A ) D) wa < i . 1
UUFODO HANITATIVABUANNYNADY e ldamaurianuily white noise YvoIA1)szual
N15UBIAIINAAIALADDY (estimated residual ; £) 1ABWIITAUIINAT Q-statistic WU I
Correlogram of Residuals Y84 Autocorrelation (ACF) 111n15aaa3u1uy Exponential 1@

o vy Y o 2 A ' A A o ¢ A A i
aﬂymzﬂqﬁaﬂﬁ\?ﬂﬂ'lﬂ%'lc]Llajﬂa‘llll'I/G:f\'ielluUJ@L'Ja1W'luhlﬂﬁ3@N3ﬂaﬂﬂﬂ!lﬁu@u9au(51ne-

U

& Dy A 4 4 4
wave) BataaIvoyaiauulssrunlasuulasmnuggnia Tuvaen Q-statistic NAIM

@ @ o

) 11 A . @ v I .
1ATiAd1n 1A ING AV Chi-square B 3EAUNBHAIATY 0.10 (Prob.< 0.10) L&A £, 11U white

. (J a | . . v $ T W 4 i
noise H30 & UMINIzNeAVVYNA (Normal Distribution) ANNRY (Mean) IMNUFUILAEAT

A

ANuL5Y3IU (Variances) 1M19Y 02 uaaedl g, IuNandunus luda1e4 (autocorrelation)

Y ] v
HAZUDNIINHUHITILITOHD1TDINAT Durbin-Watson stat NUAMNINY 1.9991 Fada 1ndiAsg

o v A

= [ 2 A [ Glal 3 1 A Lrl =
2 LAZUAIUINNIAT R NUAUNINY 0.5444 LA LYLHUIT dUNITOADDYINNIAIWITTU LU
‘]jflJUWT Autocorrelation

o A ) A A ) X
4) MSNEINTA (Forecasting) Mitasnuuuiiasaimyizawiior ldlglunsg

4 a 1 1 z,

NNl VT NIITUIVINAITDA A1 Schwarz criterion ‘Vid‘fﬁl?’h Akaike info criterion ﬁﬁmmqﬂ

v
aa

I o 1 9] o Y [l ~
Wud fITY 910015UTLUIWUAING 2 VDT80 Iﬂﬁ]iﬂfﬂ']ﬁﬂ@]@”ﬂ"] °1umi1nﬂﬁmm:1mn
Y

o Yo A

pd YN INEna IagnaminaaoudIsnosuie laaell
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{ 1 Aaa 1 a 14 o
15199 4.5 MyfSeumeumanalumsdszaanmsimesNnuuUINaod ARIMA

. AR(1) AR(2) MA(1) AR(1) AR(2) MA(1) MA(2)
mana s .
(Muuaeen 1) (MuVa09h 2)
Adjusted R-squared 0.6226 0.5227
Akaike info criterion -3.6712 -3.6632
Schwarz criterion -3.5896 -3.5652
Durbin-Watson stat 1.9976 1.9991

HUGLYA - NNMIAUIN

1Inoyalua15199 4.5 W11 A1 Schwarz criterion 1182 A1 Akaike info criterion
o A A Y 1 o ~ =K A o A A Y d v A
YDIUVUTIABIN 2 UAMIBENIWVUTIA0IN 1 uANUDUTIARIN 2 e 1y luneinsal Ayl
=\ P a 1 ) o g}z dy Y A 91 = [
seudud delumsinsananuuliudivesnmsneinse luaseil ldidenldaunasa
AANAAADUAISITDY HIA1 RMSE 1iaza Theil’s Inequality Coefficient(U) 1 19 3an1n21u
HANAIITZHIIAIDT AazAINgNNYINT A9 1NLUVTIa09 HInA1 RMSE Hia1fesnansii
o MYy YA w1 a R o ¢ = '
puuSaesansndszuan 1dIndiReadun1aie FeswunramsneInsaieonilu 3 599

Y]

&
JU

M3199 4.6 MINTeUREUAMTDAAMINGINTB MBIIA] VOV TIAD ARIMA

FAIMINENT Qfl Root Mean Square Error (RMSE)  Theil’s Inequality Coefficient(U)

990 1 (1,-t,) 3.5385 0.0170
99 2 (t,-t,) 12115 0.0053
¥999 3 (t,-t) 2.7455 0.0128

HUGLYR - 1NMIAUIN

v
%

U d' 3 d v A =S o 9 Y 1A
B¥I9N 1 (to't1) L‘]J‘L!ﬂTiWfﬂﬂiﬂlW]ﬂli1?]1141&“1)’&1]1!ﬁiﬂﬂi%‘llﬂﬂ;ljﬁ@]\illmﬂﬂuhﬂﬁﬂil

2543 DUABUTUIIAY 2556 1UIU 168 Yoyya WUI1 A1 RMSE 1azA1 Theil’s Inequality
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s Y

1 [ v g’; 1 <3 1 o
Coefficient(U) UAUNIAY 3.5385 1Az 0.0170 Fanaasiaiariosuaadiisiuiuuusiaod
msodsznaaldlndifeanuainsa
U d‘ I =~ 1 ) = o
¥299 2 (¢,-t,) WumsfSeuneunuuuiiaeslavzianuamnsalunmsnensal
A A 9 Y 2‘, 1A 2K A a o Y 1 1
nanga laaldvoyanuaiouunsIny 2557 duApuilguIey 2559 31191 30 Y038 WU M
[l 9
RMSE 1221 Theil’s Inequality Coefficient(U) HAUNINY 1.2115 ta 0.0053 FINIa09a1lia
Y 1 o [} ~ Y~ 1 o 1 U Y [ 1
Toon11mMIneInsal lug9n 1 uaasldmuiuuuiiassaivisolszanaalalnd@esnua
234
1] 4' I o A ~ s A ) ~
3399 3 (t,-t,) W UMINGINTAABUIIAY U UALENIIVUVVTIAINAINII0
4 SJdd' Y =K o [ A g [ A ] A =
wensal ldangaudrsaihuuusiaesi 1a ldwensaigaeada ld Ae rudeunsngiay o
FUAY 2559 WU A1 RMSE 1@z a1 Theil’s Inequality Coefficient(U) UAUNINY 2.7455 11ag
L ¥ LR Y I3 ' ) ! Y Y [ G
0.0128 Hanaaosmiaiosuaad liuuuudiassansodszunan 1a IndReanua19sa

AULAAININATTIN 4.7 LLAZNINN 4.1

=i Cu A =~ S 9 o
ATTNN 4.7 mi‘wmﬂimﬂ%uﬁmﬂ“u«ﬁmummwmmmmumam ARIMA AR(I) AR(2)

MA(1)
FIIMINENT O HaNSNEINIal
NINYIAN 2559 108.8
FIMAN 2559 108.4
AUBIIU 2559 108.5
AAAY 2559 108.5
NOAINIBU 2559 107.4
FUNAY 2559 106.9

HNANe - NNMIFAIUIN
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115.0 116.0
114.0
113.0 114.0
112.0
111.0 112.0
110.0 110.0
109.0
108.0 108.0
107.0
106.0 106.0
105.0 104.0
104.0
103.0 102.0
o N N S N O N0 DO AN oA NN S N ON 0O AN
O O O O O O 0O 0O 0O d d d O O O O O O O O O d d d
=222 2222222222 =2=22=2=22=2222
n wn "N N N W 0" N W wnw wn n O O O O U OV O O VU O v O
e I R = T = T T T T T = T = = [ e e e e e e
O O O O O O O O O O O O O O O o o o o o o o o o
N N N NNCNNQNCRNQNCQQFCQQCQCQA

1T A J o
=O=A19I]  =O=ATNYINTN

A = 9 a o L4 = = 14
NINN 4.1 ﬂ"l’i!']ﬁEJ‘]_IWIﬂﬂﬂlﬂgaﬁ]iﬂﬂ‘]_lﬂ"li‘Wﬂ1ﬂ§mﬂlﬂﬁﬂ%uﬁﬂ1ﬂjucﬁmu@

A01UUT1a0IARIMA 1UF97 3 (4,-t,)

2.2 MINKUAUYVIEDI ARIMA X
o A ~ ¢ = ¥ Ay v ¢ 0
Tumswernsaiaadisinn)udimua nisanyiasall 1dlszgndunusiaos
A % = %I @ Li’ a a [ I =S A [ =
ARIMA X Tagmsinaaulsaaiisaniniundomauasnannusit Tasdondu tazawstisia
<3 Y a ° a ' a
I dududstaszd I lunundiass ARIMA meldauudgiua dunuaumsnaauas

d 9 [ '

AUNUATUMTVIMITTAMI MIRANuTIUE dAunuainanidadivedi 67 : 33 wazludiu

9 a A o [ 1 [ = Y d‘i % v 1 Y [ %

YOIAUNUMIHAAVZTAAGIUAINAEINUGIDI Fovaz 45 Honianiniuuaza Tl Fuar
é@' = 1 ] 9 a =\ 4
avuIIdIwanszn TagassneaunumMInantuauud

221 %uﬂaumsﬁmuﬂgilswv (Identification)
10A1 Correlogram 493 ACF (tag PACF “ﬁ 1" Difference (d=1) ﬁhlﬁ?]}l,ﬁ'ﬂ
finsanadenly agu1d 3uuy ARIMA X ﬁl,fﬂu"lﬂ”lﬁ’mm%ya@gﬂmnmﬁmﬁﬁ 2
suuuy Taouaaslugilendu fail
wpusaesi 1 AcEMSuilasFuvesanail (Constant Term)
AR(1) AR(2) AoIL AELE (29)
upusaesdi 2 AcEMEuiledFuvosansdl (Constant Term)
AR(1) AR(2) MA(1) AoIL AELE (30)

4 Y
2.2.2 Yupoumstszuias (Estimation) NMIUsEUAIMT 2 LuuTIaes lag

=1

1975 iavde9ioofNga (Ordinary least square) NI1TUIAT t-statistic 1UNITNATDUAINT]

o [

v Y
WodAYN1eanaNTzAY 0.01 HaNINATEUAINITDO L0 lanall
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d o 1 o { @ {
1) 91AYY (29) namsUszanaAUTIanen 1 AIN13199 4.8

A1319N 4.8 M3U5ZIUAWDUIE09 ARIMA X AR(1) AR(2) OIL ELE

Variable Coefficient Std. Error t-Statistic Prob.

C 85.4825 7.1179 12.9928 0.0000

D(LOG(OIL)) 0.9529 0.0435 0.7572 0.0000

D(LOG(ELE)) 0.5637 0.0479 1.9573 0.0000

AR(1) 1.1092 0.0299 37.0330 0.0000

AR(2) -0.2810 0.0297 -9.4528 0.0000

R-squared 0.7433  Akaike info criterion -3.2294

Adjusted R-squared 0.7393  Schwarz criterion -3.3270

F-statistic 213.1948 Durbin-Watson stat 1.9697
Prob(F-statistic) 0.0000

HUBLYe - NNMIAUIV

AnCEM, = 85.4825 + 1.1092 A InCEM, - 0. 2810 AInCEM, , + €+ 0. 9529 A nOIL
+0.5637 AInELE (31)
t-statistic (12.9928) (37.0330) (-9.4528) (0.7572)
(1.9573)
aumsi (31) MdulszaAnseamaai 1A 85.4825 1A t-statistic 1ANA191A

S o 9 v a

d aa 1 ' A 2 [ {
uﬂ@ﬂWQNuﬂﬁ'lﬂfg‘ﬂ'Nﬁﬂ@]ﬁ 0.01 WNWEJ?]'J'IM'N?]'I?NT]"I?H@E]WU AlrlCEl\/[t Slmltuzﬁm

U

e

Jd 1

r'd 1
duiszans AR(1) UAWNIAY 1.1092 UA t-statistic LANANINFUTDINTBTIAYNINTDAN

U

0.01 veanumMasuasadenlnives AR(1) HnanaReInuny AinCEM, Tuvny

9 w

'd
Adulszdnd AR(2) UAnnn -0.2810 1A t-statistic 1ANA1IINgUIB19TITad AN

=h.

Aaa 1 [ = A A a A o 9 v [
a0en 0.01 LBUNU u,mJmigﬂaﬂuuﬂmmaau”lwwm AR(2) UNANWATINUVINAUNY

AinCEM,

dy A A 1 @ a 3’; o A Y v A y o
UDNITNU !JJ?JWﬂ?im?ﬂ'lellﬂ\‘i@nl!,ﬂiﬂﬁigﬂﬂ 2911 ‘Vlﬂigﬂﬂﬂﬂ'lfl AFUIIATUIUU
'

= A a

dy a a o I = o J A 1w S 1
wmwamazwammmﬂimm&mu(AanLl) UMFUUs2aN5YeIAIAIN N 0.9529 LA t-

.. 1 d A v o W aaa v A J 9 s
statistic LANANIINFUIDI NN UITIAYNNADAN 0.01 wazariisa1a I AELE) 3ian

ST [

% a a‘! 1 4 T @ = 1 4 [ o ana H
FuszanTUoIMAIN IMNY 0.5637 UAN t-statistic LmﬂﬂNiﬂﬂﬂu&@ﬂNMl&ﬂﬁWﬂﬂlﬂNﬁi‘lﬁﬁ

9
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1 v d[ \ 3 a g’/ v A d' tﬂ‘ a
0.01 1Y UNHU BIV WA muﬂﬁa’dizmﬁmmnﬂmﬂaﬂuuﬂmmaau"lm"lﬂ“lumﬁmq
= [ = J
mamumusmwﬂummm

[ & ' o { @ {
2) 11aNFY (30) WANSUTTINUAMVUIIA0IN 2 AIA1T 19N 4.9

A15199 4.9 N15U5EIUAMVVI1ADI ARIMA X AR(1) AR(2) MA(1) OIL ELE

Variable Coefficient Std. Error t-Statistic Prob.

C 82.5883 7.4411 12.4427 0.0000

D(LOG(OIL)) 0.0328 0.0435 0.7560 0.0000

D(LOG(ELE)) 0.0927 0.0510 1.8167 0.0000

AR(1) 1.0580 0.1950 5.4249 0.0000

AR(Q2) -0.2363 0.1949 -1.2122 0.0000

MA(1) 0.0561 0.1817 0.3090 0.0176

R-squared 0.7025  Akaike info criterion -3.2388

Adjusted R-squared 0.6393  Schwarz criterion -3.3527

F-statistic 176.8409 Durbin-Watson stat 1.9805
Prob(F-statistic) 0.0000

HUaLYe - NNMIAMUIN

AinCEM, = 82.5883 + 1.0580AInCEM, , -0.2363AInCEM,, + € + 0.0561€;_

0.0328 A1nOIL + 0.0927AInELE (32)
t-statistic (12.4427)  (5.4249) (-1.2122)
(0.7560) (1.8167)

v P v
AuMsN (32) MausLansuean1nan 1A 82.5883 WA t-statistic LANAIIDIN

v
d 1 A o o w aaag

v 9 H
AU INUUITIAYNINTDAN 0.01 ﬁNTﬂﬂ%WN?WﬂWﬂQﬁ%U@QﬂU AlnCEMt Tuvmzna

QU

[ a Q( 1 [ Y 1 1 o v o w aa {
duilsg@ns AR(1) HAUNIAD 1.0580 UA1 t-statistic HANAIIIINFUIDIN T BT IAYNADAN
0.01 vneanunmMIasunasndeulnives AR(D) HianaReInuny AinCEM, lTuvny

a o w

R £ a 1T W 1 1 Jd A v
mMaulseans AR(2) ¥AUNINUY -0.2363 1A t-statistic HANANWNINFUIDYI NN UITIAYNI

=h.

9 [

QQd‘ 1 3 ) Li' d’ IS v v
anen 0.01 L¥UNU Lmumigﬂaﬂuuﬂauﬂaau"lwwm AR(2) UNANNIATINUVINNUNY

Ao a £ A 1 [ I~ .. 1 Jd 1
AnCEM, luasigimdudse@ns MA(1) Taun1nu 0.0561 A1 t-statistic UANANIINGUIDE
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@ aad

S W o 1 v \ d' tﬂ‘ =Y
HUIFIAUNNADAN 0.05 LFUNU ‘ViiJ"IfJﬂ’J'liJ?TﬂﬁLﬂaﬂuLLﬂﬁﬂlﬂﬁ@uqﬁ’Jﬂlﬂﬂ MA(1) INANIY

g

= 2 v
eanuny ACEM,

Ed 1
9 v A

1 4 1 U a g 901 o
HonINi !ﬁ@WEﬂﬁﬂﬂﬂﬁlﬂ\‘i@]?ﬂﬂﬁ@ﬁ‘i%ﬂﬁ 2 a1 ﬂﬂ‘i%ﬂﬂﬂﬁjﬁﬂ AU

g a a [ oA = d‘ s a Q") 1 d’ 1w =
wamamazwamﬂmmﬂmmamu(AanU) UMduUse@N5YeIn1AIN 11N 0.0328 LA t-

.. 1 g A v o W aad v A ! 9 a0
statistic ANANINFUIDINUUITIAYNNADAN 0.01 Ll’dZﬂ%u31ﬂ1ﬂ1llww1(AlnELE) M

]
aaa

[ a tg 1 { [ Y 1 1 4 [} v o w
du1lsz@nsv03A1AIN MIND 0.0927 UAN t-statistic HANAIIIINFUITDINTTBARYNADAN
1 % & 1 % =) g’/ v A d' d‘ =
0.01 1HUAU Fanuenu Aulsoasensaesmimaasundasndoulva 1y Tuianig

= v v A = 4
@REINUAFT TN UTIIUA
3) MIATIVAOUAINGNADN (Diagnostic Checking) 1AN1TATINADUNANNITN

Y . a 49! A & a [ [ o Y 1
18%1yn1 Autocorrelation 1Al un3 0 11 Fanintnadyniaina szihlinmsdszuman

@ a £ va g @ 1 oAa A .
ﬁuﬂizﬁ‘wﬁmammmmmaammqmﬁuumﬂumﬂizmmﬂm@ 1159 BLUE (Best Linear
. . 1 1 o Y 4 y a 1 9

Unbiased Estimator) EJ’E]lI’ﬁ\iNa‘ﬂﬂfl"fﬂWWﬂWﬂimﬁLﬂﬂﬂ1ﬂﬁNﬂWii‘lﬂﬂ'ﬁ)UuliJQﬂG]@Q"lﬂﬂﬂ’NN
A A Y ) wa < . . 1
UHUYDDD wam‘im’mﬁaummgﬂmm Iﬂt’liﬂ)’ﬂﬂ!ﬁhﬂ@]ﬂ?1h£ﬂu white noise Gllf]\iﬂ1ﬂ‘i$lﬂm
N1Y0INUADIALADOU (estimated residual ; €;) TagNa15U1910A1 Q-statistic WU
Correlogram of Residuals ¥®9 Autocorrelation (ACF) lifinisanasuyy Exponential el

o vy Y o 2 A ' A A o ¢ A A i
aﬂymgﬂqﬁaﬂﬁ\?ﬂﬂ'lﬂ%'lc]LLa'Jﬂa‘U'JJ'I/GQT\?GUUUJ@L'Ja1Fﬂuulﬂﬁ3@N3ﬂaﬂﬂﬂ!lﬁu@u9au(81ne-

U

& C YA 4 4 4
wave) Bataaavoyalanuualslsrunlasuuilasmuggnia Tuvasn Q-statistic NAIM

@ @ o

) 11 A . @ v I .
1ATiAd1n 11N AU Chi-square B 3EAUNBAIATY 0.10 (Prob.< 0.10) L&A £, 11U white

. (J a | . A v $ T W 4 i
noise H30 & UMInszeAuVYNA (Normal Distribution) ANRRY (Mean) IMNUFUBLAEAT

VA

Auu3UsIu (Variances) 19100 02 uaaedt g Tilianauius lua1o9 (autocorrelation)

Y ] v
HAZUDNIINUEITIUITONDI1TDINAT Durbin-Watson stat NUAMNINY 1.9697 Fada 1ndiAsg

[

= [ 2 A [ cl Y 1 A o a Lrl =
2 LAZUAIUINNIAT R NUAUNINY 0.6226 LA LHILHUIT FUNITOADDYINNIAIWITTU LUY
‘]jfuuﬁT Autocorrelation

o A o =i A o Y
4) MINYINTN (Forecasting) ﬂmaammmmammmzamwauﬂﬂ%ﬂumi

4 a o

WeIN3T0 9 NITUININAIADA A1 Schwarz criterion 130A1 Akaike info criterion NUAIA1GA

aa 1

IS o o R o Y1 %
lﬂua1ﬂiy fl]’lﬂﬂ'ljﬂigﬂ’lmﬂ'](ﬂ\i PASINIE R RN Tﬂﬂjﬁﬁﬂ']ﬁﬂﬁ@’mq Gluﬂ’liﬂﬂﬁﬂﬂﬂq'llluuﬂ

Y
o w a Yo A

dAYNana Ingnamsnagouasnosuie laasl
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13199 4.10 MafFoueumana lumslszanaanimes 1InUUT1a99 ARIMA X

AR(1) ARQ2) OIL ELE AR(1) AR(2) MA(1) OIL ELE

Maoa . .
(MUVI@RIN 1) (MUVIRRIN 2)
Adjusted R-squared 0.7433 0.7025
Akaike info criterion -3.2294 -3.2388
Schwarz criterion -3.3270 -3.3527
Durbin-Watson stat 1.9697 1.9805

HUGLYR - NNMIAUIN

mﬂeﬁ’agaiumsnﬁ 4.10 W1 AN Schwarz criterion 1A% A1 Akaike info criterion
o A S 9 1 o ~ 2K A o A d‘ Y d v A
VDIUVUINADIN 1 UATHBDINITLUVINADIN 2 IIUADNUVUINDIN 1 LW@Gl‘If‘lu‘WEJ"Iﬂim AV U
= s = a 1 ) o g‘; dy Y A 91 = [
‘5']?]1“]41!‘3])'!,%1!@] GINGL’L!ﬂ'liWﬁ]']5’[',1!1ﬂ313JLL1IuEl'I‘U@Qﬂ?iWEl'lﬂimGluﬂi\?uulﬂlaﬂﬂcl“]fﬂﬂﬂaﬂﬂ'l
AANAAADUAIGIT DY ¥30A1 RMSE 11a¥A1 Theil’s Inequality Coefficient(U) 119 3af1a11u
[ ] 1 a 1 H 4 o 1 1 ]
LW]ﬂ@l'l\‘iigﬂ’)'l\?ﬂ'lﬁliﬁllﬁgiﬂ'lﬁgﬂWﬂWﬂimﬂTﬂlLﬁJﬁJﬂ'lﬁ@\‘l Y1NA1 RMSE flﬂ'lﬁ}’f]ﬁl!l,ﬁﬂ\‘l'ﬂ
o [ Y Y =~ [ 1 a = o 4 I [}
LLUU%Wﬁ’E—N’ﬁ'IiJ'IiﬂﬂigﬂJ'lmﬂWUlﬂﬁl,ﬂﬁlﬂﬂ\?ﬂ‘]Jﬂ']ﬂiﬂ cmmu,uﬂwamawsnmmaamﬂu 3 YN

I

N

e
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a3f 1 Feyadaiinian)udund

Undow  wa.  Aw de. ome. wa. Re. AA. @A e AR WE 5.
2543 99.5 98.8 98.8 98.8 98.8 97.1 93.7 93.7 85.1 89.1 103.8 104.4
2544 1043 1043 1043 1043 1043 1043 1043 1043 1043 1043 97.8 78
2545 77.7 60.7 77.9 99.6 105.3 97.6 95.3 96.7 96 96 96 97
2546 1067 1081 1078 1078 1067 1067 1067 1067 1067 1067 1067 106.7
2547 1067 1067 1067 1067 1067 1059 1042 1007 976 974 965 953
2548 937 945 955 96 966 964 975 963 963 963 963 963
2549 959 971 971 981 1003 1003 1033 1026 1026 1026 1026 1026
2550 1026 1026 102 102 102 1027 1027 1019 1019 1019 1019 1046
2551 105.2 1054 105.4 108 1093 109.5 112 112 1127 1128 1123 110.6
2552 109.1 108.8 107.4 1054 104.8 102 1048 114.1 1141 1112 109 108.8
2553 1007 1003 985 966 966 957 957 985 1002 1039 1068 1068
2554 109.1 109 1092 1105 111.6 1103 1103 1106 110.1 1114 1125 111
2555 109.6 1089 1079 1076 1077 107.6 1089 1089 1089 1089 1089 108.9
2556 1089 109.7 110.1 113.8 1185 1181 1185 1194 1194 118.1 118.1 118.1
2557 118.1 1181 1181 118.1 116.6 116.6 116.6 116 1157 1157 1157 1157
2558 113.8 113.8 113.8 113.8 1125 1123 1132 111.7 1114 1114 1103 108.4
2559 1077 1073 1068 1073 107.5 107.5
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2543 394 41.7 47.1 40.8 44 453 47.7 51 56 56.6 54.8 49.6
2544 47.7 47.7 47 51.9 53.1 49.5 47.2 478 50.1 439 40.2 39
2545 384 39.8 42.7 46.2 46.8 45.1 443 44.7 48.2 50.3 46.8 48.2
2546 52 56.6 55.1 53.2 50.7 48.1 49.3 51.7 49.5 49.7 50.3 51.6
2547 54.6 53.5 53.7 57.4 64.6 62.1 66.1 72.7 73.8 79.9 77.2 71
2548 68.1 71.8 79.6 87.6 81.8 86.7 91.2 93.7 103.6 99.6 89.9 88.8
2549 92.4 90.4 95.7 101.8 107.7 108 109 1079 97.6 89.1 86.2 86.9
2550 82.8 86.2 89.7 95.9 99 97.9 99.2 96 100.8 1073 1189 1163
2551 116 1173 1254 1345 1539 167.6 1726 1499 1382 109.8 84.3 75.8
2552 77 75.5 72.6 717.5 83 92.4 88.9 96 93.7 94.6 99.1 97.2
2553 100.9 98.4 100.9 105 100.9 97.7 97.2 97.2 94.2 98 101.5 107.8
2554 113 120 126.5 130.1 128.1 1282 1284 1273 128.1 128.1 1283 1273
2555 133 133.8 136.8 136.6 1319 1237 1272 133.5 1335 131 1286 127.8
2556 1284 1306 127.6 1229 1244 127.7 130.8 1322 135.6 131.5 134.1 1433
2557 144 1437 1423 1429 1435 1432 141.1 1365 1341 1271 1214 1076
2558 925 100.1 101.5 1004 1099 108.5 101.6 937 949 939 922 844
2559 | 746 715 77 79 859 893




M13190 3 Foyaawdisia lilih

64

?J/nﬁau A N.N. ﬁ.ﬂ (3.8, n.A. . n.fA. a.n. n.8. a.a. n.g. 5.9.
2543 96.7 967 967 982 982 982 982 989 989 971 99.3 99.3
2544 993 1056 1056 105.6 1063 107.1 107.7 102.7 107.7 106.5 1073 110.7
2545 110.6 110.6 1106 1106 110.6 110.6 1106 1106 110.6 110.6 110.6 110.6
2546 1124 1124 1124 1124 1124 1124 1124 1124 1124 1124 1124 1124
2547 118.0 118.0 1180 1180 1180 118.0 118.0 118.0 120.1 120.1 120.1 120.1
2548 120.1 120.1 120.1 120.1 121.8 121.8 121.8 121.8 126.8 126.8 126.8 126.8
2549 1322 1322 1322 1322 136.6 136.6 136.6 136.6 1369 1369 1369 1369
2550 1347 1347 1347 1347 1322 1322 1322 1322 1313 1313 1313 1313
2551 1323 1323 1323 1323 1294 1294 805 80.5 848 848 848 112.0
2552 126.6 1266 1266 126.6 126.6 126.6 126.6 126.6 126.6 126.6 126.6 126.6
2553 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2554 982 982 982 982 100.7 100.7 1079 1079 1079 1079 1079 1079
2555 110.0 110.0 110.0 110.0 110.0 123.1 123.1 123.1 129.6 129.6 129.6 129.6
2556 131.0 131.0 131.0 131.0 1294 1294 1294 1294 131.6 131.6 131.6 131.6
2557 1335 1335 1335 1335 136.8 136.8 136.8 136.8 136.8 136.8 136.8 136.8
2558 1335 1335 1335 1335 1302 1302 1302 130.2 1289 1289 1289 1289
2559 128.0 128.0 128.0 128.0 118.0 118.0
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M137990 4 HAMINATDY Unit Root A¥UI A UTILUA &4 1 52AY 1(1) NFII@UNINY 0

11UV Constant

Null Hypothesis: D(CEM) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=14)

t-Statistic Prob.»
Augmented Dickey-Fuller test statistic -11.44670 0.0000
Test critical values: 1y level 3462737
5% level -2.875680
10% level 2574385
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(CEM,2)
Method: Least Squares
Date:03/08/17 Time:15:24
Sample @djusted): 2000M03 2016M12
Included observations: 202 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DCEM1y -0.793965 0.069362 -11.44670 0.0000
C 0.009038 0239015 0037812 0.9699
R-squared 0395820 Mean dependent var -0.013366
Adjusted R-squared 0.392799 S.D.dependent var 4359329
SE. of regression 3396925 Akaike info criterion 5293470
Sum squared resid 2307820 schwarz criterion 5326225
Log likelihood -532.6405 Hannan-Quinn criter. 5306723
F-statistic 131.0270 Durbin-Watson stat 1944661

Prob(F-statistic) 0.000000
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M3°190 5 HAMINATDU Unit Root A¥UI A UTILUA &4 21 52AY 1(1) B UNINY 0

111U Constant, Linear Trend

Null Hypothesis: D(CEM) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=14)

t-Statistic Prob.»
Augmented Dickey-Fuller test statistic -1142384 0.0000
Test critical values: 1ulevel -4.004132
5% level -3432226
10% level -3.139858
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(CEM,2)
Method: Least Squares
Date:03/08/17 Time:15:24
Sample @djusted): 2000M03 2016M12
Included observations: 202 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DCEM1) -0.794256 0.069526 -11.42384 0.0000
C 0137566 0484514 0283925 0.7768
@TREND(2000M01~ -0.001254 0.004108 -0.305185 0.7605
R-squared 0396102 Mean dependent var -0.013366
Adjusted R-squared 0.390033 S.D.dependent var 4359329
SE. of regression 3404653 Akaike info criterion 5.302903
Sum squared resid 2306.740  schwarz criterion 5352036
Log likelihood 5325932 Hannan-Quinn criter. 5322782
F-statistic 65.26303 Durbin-Watson stat 1945059

Prob(F-statistic) 0.000000
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M37190 6 HAMINATDU Unit Root A¥UI A UTILUA &4 2 52AY 1(1) NFIIQUNINY 0

141U None

Null Hypothesis: D(CEM) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag-=14)

t-Statistic Prob.»
Augmented Dickey-Fuller test statistic 1147532 0.0000
Test critical values: 1ulevel -2576460
5% level -1942407
10% level -1615654
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(CEM,2)
Method: Least Squares
Date:03/08/17 Time:15:25
Sample @djusted): 2000M03 2016M12
Included observations: 202 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DCEM1) -0.793943 0.069187 1147532 0.0000
R-squared 0395815 Mean dependent var -0.013366
Adjusted R-squared 0.395815 S.D.dependent var 4359329
SE. of regression 3388477 Akaike info criterion 5.283576
Sum squared resid 2307836  schwarz criterion 5299954
Log likelihood 5326412 Hannan-Quinn criter. 5.290202

Durbin-Watson stat 1944685
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A15190 7 WaNINAEY Unit Root ATHI AN UIToINaLazHannunY lnsiaoudu o

52A1 1(1) NHIIDUNNY 0 11D Constant

Null Hypothesis: DOIL) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=14)

t-Statistic Prob.»
Augmented Dickey-Fuller test statistic -1311462 0.0000
Test critical values: 1y level 3462737
54 level -2.875680
10% level 2574385
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: DOIL,2)
Method: Least Squares
Date:03/08/17 Time:15:25
Sample @djusted): 2000M03 2016M12
Included observations: 202 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DOIL-1y 0924712 0.070510 -13.11462 0.0000
C 0.097278 0341940 0284488 0.7763
R-squared 0462356 Mean dependent var 858E-17
Adjusted R-squared 0459668 S.D.dependent var 6.609870
SE. of regression 4858737 Akaike info criterion 6.009286
Sum squared resid 4721466 Schwarz criterion 6.042041
Log likelihood -604.9379 Hannan-Quinn criter. 6.022539
F-statistic 1719933 Durbin-Watson stat 1997542

Prob(F-statistic) 0.000000
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A15190 8 WaNINAEY Unit Root ATHI AN UIToINALazHannuNY Insiaoudu o

AU 1(1) NFIWIAUNINY 0 11UV Constant, Linear Trend

Null Hypothesis: DOIL) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=14)

t-Statistic Prob.»
Augmented Dickey-Fuller test statistic -1310141 0.0000
Test critical values: 1% level -4.004132
5% level -3432226
10% level -3.139858
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: DOIL,2)
Method: Least Squares
Date:03/08/17 Time:15:25
Sample @djusted): 2000M03 2016M12
Included observations: 202 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DOIL-1y 0926187 0.070694 -13.10141 0.0000
C 0414014 0693319 0597147 05511
@TREND(2000M01" -0.003089 0.005878 0525458 05998
R-squared 0463101 Mean dependent var 858E-17
Adjusted R-squared 0457705 S.D.dependent var 6.609870
SE. of regression 4867554 Akaike info criterion 6.017800
Sum squared resid 4714924  Schwarz criterion 6.066933
Log likelihood 6047978 Hannan-Quinn criter. 6.037680
F-statistic 8582343 Durbin-Watson stat 1997412

Prob(F-statistic) 0.000000
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52A1 1 (1) NFIIAUNINU 0 111D None

Null Hypothesis: DOIL) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=14)

t-Statistic Prob.»
Augmented Dickey-Fuller test statistic -1314161 0.0000
Test critical values: 1% level -2576460
5% level -1.942407
10% level -1615654
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: DOIL,2)
Method: Least Squares
Date:03/08/17 Time:15:26
Sample @djusted): 2000M03 2016M12
Included observations: 202 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DOIL-1y 0924277 0.070332 -1314161 0.0000
R-squared 0462138 Mean dependent var 858E-17
Adjusted R-squared 0462138 S.D.dependent var 6.609870
SE. of regression 4847616 Akaike info criterion 5.999789
Sum squared resid 4723376  Schwarz criterion 6016167
Log likelihood 6049787 Hannan-Quinn criter. 6.006416

Durbin-Watson stat 1997590
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1111 Constant

Null Hypothesis: DEELE) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=14)

t-Statistic Prob.»
Augmented Dickey-Fuller test statistic -8531565 0.0000
Test critical values: 1y level 3462737
5% level -2.875680
10% level 2574385
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: DELE,?2)
Method: Least Squares
Date:03/08/17 Time:15:26
Sample @djusted): 2000M03 2016M12
Included observations: 202 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DELE-1) 0537398 0.062989 -8531565 0.0000
C 0.149148 0.361006 0413144 0.6799
R-squared 0266829 Mean dependent var 0.026238
Adjusted R-squared 0263163 S.D.dependent var 5972537
SE. of regression 5126779 Akaike info criterion 6.116684
Sum squared resid 5256.772  Schwarz criterion 6.149439
Log likelihood 6157851 Hannan-Quinn criter. 6.129937
F-statistic 7278760 Durbin-Watson stat 1954125

Prob(F-statistic) 0.000000
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Constant, Linear Trend

Null Hypothesis: DEELE) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic -based on SIC, maxlag-14)

t-Statistic Prob.»
Augmented Dickey-Fuller test statistic -8529833 0.0000
Test critical values: 1xlevel -4.004132
5% level -3432226
10% level -3.139858
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: DEELE,2)
Method: Least Squares
Date: 03/08/17 Time: 15.27
Sample @djusted): 2000M03 2016M12
Included observations: 202 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DELE1) -0540368 0.063350 -8529833 0.0000
C 0488330 0734231 0.665090 05068
@TREND(2000M01") -0.003302 0.006222 -0.530815 05961
R-squared 0267865 Mean dependent var 0.026238
Adjusted R-squared 0.260507 S.D.dependent var 5972537
SE. of regression 5136009 Akaike info criterion 6.125170
Sum squared resid 5249339 schwarz criterion 6.174303
Log likelihood 6156422 Hannan-Quinn criter. 6.145049
F-statistic 36.40399 Durbin-Watson stat 1951255

Prob(F-statistic) 0.000000
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Null Hypothesis: DEELE) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=14)

t-Statistic Prob.»
Augmented Dickey-Fuller test statistic -8539501 0.0000
Test critical values: 1% level -2576460
5% level -1942407
10% level -1615654
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: DEELE,2)
Method: Least Squares
Date:03/08/17 Time:15:27
Sample @djusted): 2000M03 2016M12
Included observations: 202 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DELE1) -0.536360 0.062809 -8539501 0.0000
R-squared 0266203 Mean dependent var 0.026238
Adjusted R-squared 0266203 S.D.dependent var 5972537
SE. of regression 5116191 Akaike info criterion 6.107636
Sum squared resid 5261258 Schwarz criterion 6124013
Log likelihood 6158712 Hannan-Quinn criter. 6.114262

Durbin-Watson stat 1954433
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Dependent Variable: DLOGCEM)

Method: ARMA Maximum Likelihood (OPG - BHHH)

Date:03/13/17 Time:13:54

Sample: 2000M02 2016M12

Included observations: 203

Failure to improve objective (non-zero gradients) after 200 iterations
Coefficient covariance computed using outer product of gradients

Variable Coefficient Std. Error t-Statistic Prob.
C 0018789 0.000537 1869854 0.1432
AR 1520143 0.028256 34.10402 0.0000
AR2) -0.843331 0.025950 -8476985 0.0000
MAD) -1.000000 2380106 -0.004201 0.0000
SIGMASQ 0.001393 0.007361 0189285 0.8501
R-squared 0622608 Mean dependent var 0.000113
Adjusted R-squared 0595287 S.D.dependent var 0.040412
SE. of regression 0.037796  Akaike info criterion -3671274
Sum squared resid 0282846  schwarz criterion -3.589668
Log likelihood 3776343 Hannan-Quinn criter. -3.638259
F-statistic 8233238 Durbin-Watson stat 1997693

Prob(F-statistic) 0.000004
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Dependent Variable: DLOGCEM)

Method: ARMA Maximum Likelihood (OPG - BHHH)

Date:03/13/17 Time:13:54

Sample: 2000M02 2016M12

Included observations: 203

Failure to improve objective (non-zero gradients) after 200 iterations
Coefficient covariance computed using outer product of gradients

Variable Coefficient Std. Error t-Statistic Prob.
C 0.0126 0.0005 14852 0.1391
AR 11383 0.1995 57037 0.0000
AR2) -0.3414 0.1880 -18163 0.0000
MAD) -1.1249 25578 -0.0439 0.0000
MA2) 0.1249 40267 0.0310 0.0000
SIGMASQ 0.001393 0.007361 0189285 0.8501
R-squared 0522708 Mean dependent var 0.000113
Adjusted R-squared 0505287 S.D.dependent var 0.040412
SE. of regression 0.057796  Akaike info criterion -3.663225
Sum squared resid 0482846 schwarz criterion -3.565268
Log likelihood 3776343 Hannan-Quinn criter. -3.638259
F-statistic 8233238 Durbin-Watson stat 1999193

Prob(F-statistic) 0.000004
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Dependent Variable: DLOG(CEM))

Method: ARMA Maximum Likelihood (OPG - BHHH)
Date:03/14/17 Time:09:45

Sample: 2000M01 2016M12

Included observations: 204

Convergence achieved after 80 iterations

Coefficient covariance computed using outer product of gradients

Variable Coefficient Std. Error t-Statistic Prob.
C 85.48254 7117952 1299286 0.0000
DLOGOILy 0952978 0.043547 0.757286 0.0000
D(LOG(ELE)) 0563776 0.047909 1957397 0.0000
AR®D) 1109284 0.029954 37.03300 0.0000
AR2) -0.281022 0.029729 9452836 0.0000
SIGMASQ 1022779 0.390698 2617823 0.0000
R-squared 0.743351 Mean dependent var 105.0799
Adjusted R-squared 0.739395 S.D.dependent var 8.100176
SE. of regression 3246186 Akaike info criterion -3.229408
Sum squared resid 2086469  schwarz criterion -3.327000
Log likelihood 5273996 Hannan-Quinn criter. 5.268886
F-statistic 2131948 Durbin-Watson stat 1969716

Prob(F-statistic) 0.000000
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Dependent Variable: DLOG(CEM))

Method: ARMA Maximum Likelihood (OPG - BHHH)
Date:03/14/17 Time:09:45

Sample: 2000M01 2016M12

Included observations: 204

Convergence achieved after 80 iterations

Coefficient covariance computed using outer product of gradients

Variable Coefficient Std. Error t-Statistic Prob.
C 825883 74411 124427 0.0000
DLOGOILy 0.0328 0.0435 0.7560 0.0000
D(LOG(ELE)) 0.0927 0.0510 18167 0.0000
AR 10580 0.1950 54249 0.0000
AR2) -0.2363 0.1949 12122 0.0000
MA@1) 0.0561 01817 0.3090 0.0176
SIGMASQ 1022779 0.390698 26.17823 0.0000
R-squared 0702501 Mean dependent var 105.0799
Adjusted R-squared 0639395 S.D.dependent var 8.100176
SE. of regression 3246186 Akaike info criterion -3.238800
Sum squared resid 2086469  schwarz criterion -3.352700
Log likelihood 5273996 Hannan-Quinn criter. 5268886
F-statistic 176.8409 Durbin-Watson stat 1980516

Prob(F-statistic) 0.000000
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Date: 03M0M17 Time: 13:28
Sample: 20000071 2016M12
Included observations: 203

Autocorrelation

Farial Correlation

A

PAC

C-stat

Frob

| |

e w B A

—

= .

e I |

0.205
-0.076
-0.185
-0.204
-0.115

0.009

0.005
-0.007

0.084

0.070
-0.063
-0.058
-0.208
-0.052
-0.015

0.081

0.257
-0.003
-0.113
-0.073
-0.026
-0.036
-0.012

0.012

0.005

0.086

0.022
-0.071
-0.042

0.000

0.022

0.019

0.025

0.018

0.030

0.021

0.205
-0.123
-0.151
-0.153
-0.081
-0.012
-0.073
-0.061

0.063

0.021
-0.099
-0.024
-0.203

0.012
-0.096

0.005

0.196
-0.163
-0.076

0.006
-0.003
-0.046
-0.064
-0.025

0.005
-0.034
-0.047
-0.043
-0.020

0.070
-0.059
-0.014
-0.006
-0.054

0.063

0.020

8.6612
98448
16.980
25712
28.5086
28.522
28.528
28.537
30.054
31.097
31.966
32.724
42212
42812
42.865
44 322
59.138
59.140
62.019
63.226
63.376
63.673
63.707
63.742
63.749
65.477
65.597
66.810
67.236
67.236
67.354
67.444
67.508
67.682
67.905
68.017

0.003
0.007
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.001
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Date: 031317 Time: 22:33
Sample: 2000M01 20M16M12
Included observations: 203

(I-statistic probabilities adjusted for 3 ARMA terms

Autocarrelation

FPartial Caorrelation
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PAC

L-stat

Frob
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-0.013
0.067
-0.071
-0.047
0.009
0.054
0.029
-0.010
0.059
0.065
-0.076
0.004
-0.164
-0.013
-0.063
0.002
0.204
-0.077
-0.081
-0.054
-0.028
-0.042
-0.032
-0.013

-0.013
0.067
-0.070
-0.054
0.018
0.057
0.021
-0.018
0.065
0.079
-0.086
-0.005
-0.142
-0.022
-0.063
-0.029
0.214
-0.080
-0.119
0.001
0.008
-0.053
-0.057
-0.018

0.0353
0.9669
2.0206
2.4901
2.5080
31153
3.2933
23141
40539
49674
62272
6.2316
12.146
12.184
13.075
13.075
22.348
23.671
25.140
25.801
25982
26.406
26.639
26.677

0.115
0.285
0.374
0.510
0.652
0.669
0.664
0.622
0.717
0.275
0.350
0.364
0.442
0.072
0.071
0.067
0.078
0.100
0.119
0.146
0.182
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01 02 03 04 05 06 07 08 09 10 11 12 13

= CEMF === +2S.E.

Forecast: CEMF

Actual: CEM

Forecast sample: 2000M01 2013M12
Adjusted sample: 2000M04 2013M12
Included observations: 165

Root Mean Squared Error  3.538560
Mean Absolute Error 1.831163
Mean Abs. Percent Error  1.926498
Theil Inequality Coefficient 0.017023
Bias Proportion 0.001280
Variance Proportion 0.066461
Covariance Proportion  0.932259

M1319% 20 HAMININTAIVDIUVUIIA0I ARIMA AR(1) AR(2) MA(1) 299 2
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2015

m— CEMF --- +2S.E

Forecast: CEMF

Actual: CEM

Forecast sample: 2014M01 2016M06
Included observations: 30

Root Mean Squared Error  1.211534
Mean Absolute Error 1.075925
Mean Abs. Percent Error  0.954520
Theil Inequality Coefficient 0.005357
Bias Proportion 0.000266
Variance Proportion 0.711959
Covariance Proportion  0.287775
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120
"""""""""""""""""""""""""""" Forecast: CEM_FORCASTO07_C03

116 Actual: CEM
Forecast sample: 2016M07 2016M12
Included observations: 6

1124 Root Mean Squared Error  2.745585
Mean Absolute Error 2.435215

108 | — ——— Mean Abs. Percent Error ~ 2.326615
Theil Inequality Coefficient 0.012845

104 | Bias Proportion 0.786692

Variance Proportion 0.177573
100 Covariance Proportion  0.035735
96 BALLLLETTTE
M7 M8 M9 M10 M11 M12
2016
= CEM_FORCAST07_C03 === +2S.E

M99 22 HAMTNINTNUBIVUTIA0I ARIMA X AR(1) AR(2) OIL ELE %299 1

140
Forecast: CEM_FARIMAX CO01
A Actual: CEM
1204 P | ey b v Forecast sample: 2000M01 2013M12

Adjusted sample: 2000M03 2013M12

Included observations: 166

Root Mean Squared Error  3.492165

Mean Absolute Error 1.851629

Mean Abs. Percent Error ~ 1.954935

Theil Inequality Coefficient 0.016783
Bias Proportion 0.001794
Variance Proportion 0.053531
Covariance Proportion  0.944675

ol
00 01 02 03 04 05 06 07 08 09 10 11 12

—— CEM_FARIMAX_C01 --—- +2 S.E.
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132

83

128

1244 /

120
116

112

108 ]

104

100

96

92

Forecast: CEM_FARIMAX_C02

Actual: CEM

Forecast sample: 2014M01 2016M06

Included observations: 30
Root Mean Squared Error
Mean Absolute Error
Mean Abs. Percent Error
Theil Inequality Coefficient
Bias Proportion
Variance Proportion
Covariance Proportion

1.212969
1.040507
0.911667
0.005384
0.599854
0.057694
0.342452

M1319% 24 HAMINGINTAIVDIVVI1809 ARIMA X AR(1) AR(2) OIL ELE %299 3

120

2014

—— CEM_FARIMAX_C02

1154

110

105

100

95

90

Forecast: CEM_FARIMAX C03

Actual: CEM

Forecast sample: 2016M07 2016M12

Included observations: 6
Root Mean Squared Error
Mean Absolute Error
Mean Abs. Percent Error
Theil Inequality Coefficient
Bias Proportion
Variance Proportion
Covariance Proportion

1.692046
1.128240
1.087470
0.007987
0.097012
0.463861
0.439127

M7 M8 M9
2016

M10

— CEM_FARIMAX_CO03
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