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Abstract:

The study aimed to build a statistical model of the natural gas spot prices index in NYMEX during the period (10 January
1997 -02 December 2012) using the GARCH models, which take into consideration the fluctuations in prices during
different periods. The study was devised into phases, first an analytical study of the series, The series is a first-order
integrator which builds the mixed model of autoregressive and moving averages, based on the methodology of Box-
Jenkins ARIMA (1.1.1) as the appropriate model based on a set of criteria.

However, the chosen optimal model contains the ARCH effect which requires the formation of an appropriate model for
this series. After applying a set of criteria, the optimal model of the series is the GARCH (1.0).

key words: ARIMA models, Natural Gas, Spot Prices, GARCH Models.
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R-squared 0174984 Mean dependentvar 0.005982
Adjusted R-squared 0172996 S.D. dependentwvar 0.022153
S.E. ofregression 0020146 Akaike info criterion -4 958256
Sum squared resid 0.505304 Schwarz criterion -4 951826
Log likelinood 2106.676 Hannan-CQuinn criter. -4 962079
F-statistic 88.02027 Durbin-Watson stat 1.999832
Prob(F-statistic) 0.000000
Inverted AR Roots .32
Inverted MA Roots =11

EVEIWS 10 zoliy aluseial ai>Ldl slae] o auall
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:3led) andall as39ll 5Las| 4-6

(spotreturns) Abulud! e acdall 39l Slylias | qilis : (07) JS&!

1,000
Autocorrelation  Partial Correlation AC  PAC O-Stat Prob - Series: Residuals
1 0.061 0.061 47178 0.030 Sample 1/17/1997 12/25/2020

I Il 2 0010 0.007 48529 0088 :
in 3 01001 -0.002 48555 0.183 800 Obsenvations 1249
\ 4 0002 -0.002 4.8596 0.302
ih | 5 -0.000 -0.000 48538 0433
i 5 -0.003 -0.003 48698 0561 =08
i | 7 -0.003 -0.003 48815 06574 3 Wean 23708
ih il 8 -0.003 -0.002 48913 0769 600+ Median 0.002893
i it 9 -0.003 -0.003 49053 0.842 . .
i it 10 -0.003 -0.003 48192 0837 Maimum  0.407822
ih | 11 0003 0.003 49336 0934 - .
i il 12 -0.003 -0.003 49475 0950 0 Minimum ~-0.065908
ih il 13 0,003 -0.003 49802 0.976 ~
ih | 14 0003 0.003 49747 0.985 St Dev 000122
i | 15 -0.003 -0.003 48890 0992 o
ih | 16 -0.003 -0.003 50041 0.995 Skeuness 1392349
in il 17 -0.003 -0.003 50192 0938 004 Kurtosis 260.9982
i | 18 -0.003 -0.003 50342 0939
ih | 19 -0.004 -0.003 50498 0.999
ih il 20 -0.004 -0.003 50862 1.000 .
i il 21 0.003 -0.002 50802 1.000 Jarque-Bera 3504409,
ih il 22 0003 -0.003 50943 1000 — ’ 0000
ih il 23 -0.003 -0.003 51074 1000 U T | Probabity -0,000000
i | 24 -0.004 -0.003 51235 1.000 00 01 02 03 04

EVEIWS 10 zebiy alusiawly Ll slue] o uall

Al Spally G101 Ll @l clelan paas 2esd ool Lasdls (07) Sadl s cra
Jleisl Ll el anssill ¥ dlodl o) gale « 22801 Jlme pols aa5 3ol
e 5l z3gedld andall aueddl ads ¥ Bloudl 031 %5 ¢ J3I jarque-bera Aslas

:ARIMA (1.1.1) z35o2l § ARCH il )Ll 5-6

G« ool ae pbddl ols ARIMA Jymill Tnsgal) I Slass¥) 73l (o545

Lol Ldladl e Joladdl e Bolsg o Loy gamn ¥ ool e cpladl ol adlyll

ey Legd Aads Slgls slhace| e Byuall o 5as¥ sda Ll oo ¥ Uiy 3 U
Lo Byl lioladdl dsdes WS o0 W) Jguadl sslgal aS5adl calinlally culiolall
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Heteros kedasticity Test: ARCH

F-statistic 4. 712938 Prob. F(1,1246) 00301
COobs*R-squared 4.F02T15 Prob. Chi-Square(1) 0.0301

Test Equation:

Dependent Wariable: RESID"2Z

Method: Least Squares

Date: 08/ 7/22 Time: 1559

Sample (adjusted): 1/24/1997 12/25/2020
Included observations: 1248 after adjustments

Wariable Coeflicient Std. Error t-Statistic Prob.
Lo 0. 000280 O.0o00185 2 055448 00400
RESIDM2(-1) 0. 061286 0028276 2 170930 003201
R-squared 0. 003768 Mean dependent var 0000405
Adjusted R-sgquared 0.002969 S D. dependentvar 0.006529
S E. ofregression 0.0056519 Akaike info criterion -7 226582
Sum squared resid 0.052952 Schwwarz criterion -7.218362
Leog likelincod 4511.387 Hannan-Ciuinn criter. -7.223491
F-statistic 4. 712938 Durbin-YWatson stat 1.998211
FProb(F-statistic) 0030125

EVEIWS 10 zebiy alaseiwly &i>Ldl slae] oo 1yall

(1) 4as854.702715 Solus Obs*R-squared dasd o) oy (08) JSadl JMs (o

Hotsiuall Az yall (a8 @iy deley 0.05 (o 31 0.0301 (s9lud &llg Prob Chi-Square

pass @ledl of @le g3l e cols pe elas¥l cpuls oF ¢l Hy Aiad) Ao ,all Joudy
- ARCH 73401

(spotreturns) aludull acdall asjgudl &lylas | < (09) JSad!

1,400
Series: RESPOT
1,200 - —— Sample 1/10/1997 12/25/2020
Observations 1249
1,000
Mean 0.005882
800 - Median 0.001506
Maximum 0.412297
600 Minimum 0.000000
Std. Dev. 0.022153
400 4 Skewness 13.15313
Kurtosis 214.1880
200
Jarque-Bera  2357092.
0 F——t——1——7——7——r——1——1T— | Probability . 0.000000
000 005 010 015 020 025 030 035 040

EVEIWS 10 meliys alaseialy Ll slae] oo 1yaall

) Zasd 1S9 (0.000) (2 Apia3dl aAbakadl § daud yivol O cnady SN IS (00 -
Sl Srleae Cdlyimiby (0.001506) $slus Huiaidl dluludl lawgilly (0.412297
.(0.005982)
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Ol e Jus ldag duzge (1315313 ) Skewness ¢lsal¥l Jalae daid o ouig -
S slasd oF Gle B3 Juy (coge lotdl ) Onedd) By dogls o3 b sllas¥l a5
C ALl (e AST Al Slaally (3l Al apdall

ol el Brell "3" Aeyd (e caluss Kurtosis phaladl) Jolae 2oyd cllis -
iy ASpane BlbT 4b Blsdl o e Juy Les (2141880 ) dupadl sda @ 79l 59
Caladudl § 8ol b s92 J) ALYl ¢ adall aenll e calisey Jlally wlalaslly
23l 0938 aus ¥ Bladdl sda of J) s &I ( Jarque-bera) duslas| uShs -

Al Jedbud| 5e sdag (%5) Ligias Setus die apbll

(spotreturns) alulull audall ajeddl cilylias |z (02) o3y Joazd!

Probability Jleis>! Value ol Method EEIUA
0.0000 0.393563 Lilliefors(D)
0.0000 57.95799 Cramer- von Mises(W2)
0.0000 56.83906

0.0000 291.7648 Watson(U2)

Anderson-Darling(A2)

EVEIWS 10 galiys aloizaly 2Ll slael e yuall

«Cramer- von Mises(W2) .Lilliefors (D) cye S Jlai>| @b ol Lasds Jgazdl I (4

o8y G L 005 e J81 (29 0.000 g9luy Anderson-Darling(A2).Watson(U2)

Ol g b Hy abodl 2s 80l Jouds aubs sl e (o (@1 Hp Aeaall 20,411
(o e 5l
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(spotreturns) alulud! olualin adMatw! jLas! : (10) JSCad

BDS Test .1

Dimension BDS Statistic  Std. Error z= Prob.
= 0.001538 0.000132 11.66610 0.0000
3 0.003059 0.000293 10.42203 0.0000
4 0.004566 0.000489 2.336129 0.0000
5 0.006059 0.000713 £.497054 0.0000
& 0.007537 0.000962 7.837816 0.0000

Raw epsilon 0282608

Pairs within epsilon 15525087 v-Statistic 0.995254

Triples within epsilon 1.93E+09  v-Statistic 0.992858

Dimension C(m,n} c{m,n} C(1,n-(m-1)) c(1,n-(Mm-1)) c(1,n-(m-1}"k
z 7719440 0.992053 774429.0 0.995246 0.990515
3 768222.0 0.988854 773185.0 0.995243 0.985795
4 764510.0 0.985657 771942.0 0.995239 0.981091
s 760807.0 0.982460 770700.0 0.995235 0.976401
= F57113.0 0.979263 769459.0 0.995231 0.971726

EVEIWS 10 zabiyy aluseialy &Ll slue) oo yuall

L)l Aaladl Sualie lizwl Hlas! @ls Jomy gl (10) IS I (o
JUlly. elaaladl adazul gay Lo 0.05 (1o il p-value @id oo Lasdl (spotreturns)
Lilgde L aids (spotreturns) 8,auud| Aududl olé
8,LUAIARCH 7 3keid dawgll puall o dudall asg JMS (0 73kl (po cputall s yoey
oo il Jiad¥l z 300l yamig Lgaall s cMalall Bis> 5 cMalall sae 85b5s <Udg
z3gas sbasl J) dashll sia Losas o Sey Lo J8I Schwarz  Akaike (ylan 4l
el Sl Lo gl wilgall dldd Loy adl culall gl CiimglGARCH(1,0)
o2 = 0.0000369 + 13.28639 £7_ : aal 455l Jars 5lls

1 LS cl3g Akl 7 3gaidl Jgud Sas Jsinl o Lele Juamall bl S o0 V)
o2y ) 0.05 ugine ewdy yauall e Ligias caliss el ¢l dilas] ugine pllall apesd
(1.96 apall a 35l &yl Aasall (o Laled 2ST cisguiun @b Hy

by >0; 0<b; <1V
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DL
R’ sc AIC SIGMA® | @Jlakl | zdgeill /Ll
piall
0.174984 -4.951826 -4.968256 0.000405 3 ARIMA(1.1.1)
ARIMA(1.1.1)G
0.175367 -4.966310 -4.986860 3 ARCH(0.1)
ARIMA(1.1.1)G
0.078565 -5.166187 -5.186737 3 ARCH(1.0)
ARIMA(1.1.1)G
0.152343 -5.054075 -5.078735 2 ARCH(1.1)
ARIMA(1,1,1)-GARCH(1,0) z3gdl yadi ¢ (11) JS&JI
Wariable Coefficient Std. Error z-Statistic Frob.
C 0006377 T.20E-05 87.25081 0.0000
ART) 0. 705611 0027737 2543972 0.0000
MACT) -0.618604 0.035891 -17.23542 0.0000
wariance Equation
c 2.69E-05 3.6TE-06 1003677 0.0000
RESID-1 )2 13286329 0177984 T4 649325 0.0000
R-squared 0.078565 Mean dependent var 0.005979
Adjusted R-squared 0077084 S.0. dependent var 0022162
S.E. of regression 0.021291 Akaike info criterion -5.186737
Sum squared resid 0.564343 Schwarz criterion -5.166187
Log likelihood 3241.524 Hannan-CQuinn criter. -5.179011
Durbin-Watson stat 1.337268
Inverted AR Roots 1
Inverted MA Roots B2

EVEIWS 10 meliys plaseiwly &i>Ldl slae] i yiuall

0.05 (o 451 0.9363 (g9lus (&llg Prob Chi-Square1 o8 ol oy (12) JSad UM e
pe ol slas¥l by of @f Hy daadl (o580l (a8y9 Hy ravall (o,all Jias duleg
ARCH 73501} a5 ¥ ARIMA(1,1,1)-GARCH(1,0) 7 350l 3153 ol sTe a3l
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ARIMA(1,1,1)-GARCH(1,0) z390iJl §l5ed aesdall pa352ly ARCH (31 sLais | :(12) K&l

Autocorrelation FPartial Correlation ot Pac -Stat ProD™

" | 1 0002 -0002 00064 09326
" 1 2 -0.001 -0.001 0.007Fs 0.996
" 1 2 -0.001 -0.001 0.009.4 1.000
" 1 4 -0.002 -0.002 o013 1000
" ' 5 -0.002 -0.002 00163 1.000
" 1 & -0.002 -0.002 o.0zZ221 1.000
" 1 ¥ -0.002 -0.002 00259 1.000
" 1 8 -0.001 -0.001 o.0zZ95 1000
iy 1 9 0002 0002 00245 1 .000
" 1 10 0002 -0.002 0.0327s 1.000
" 1 11 -0.002 -0 002 00433 1 000
" 1 12 -0.001 -0.00A1 O.044= -1 .000
" 1 1=Z -0.002 -0.002 00,0453 1.000
" 1 14 -0.002 -0.002 0.0549 1.000
" 1 15 -0.001 -0 002 o057 7F 1000
" ' 16 -0.002 -0.002 00637 1.000
" 1 1¥F -0.002 -0.002 0.0559 1.000
" 1 18 -0.001 -0.001 00593 1.000
" 1 192 -0.002 -0.002 o.O747T 1000
iy 1 20 —-0.002 0002 00815 1 .000
" 1 21 -0.002 -0.002 002865 1.000
" 1 22 -0.002 -0.002 00927 1 000
" 1 22 0002 -0 002 00966 -1 .000
" 1 24 -0.002 -0.002 0. 1023 1.000
e Il 25 -0.002 -0.002 o.1026 1.000

Heteroskedasticity Test: ARCH

F-statistic 0006352 Prob. Fi1.1245) 0.9363

Obs*FR-squared 0006392 Prob. Chi-Square(1) 09363

Test Equation:

Crependent Variable: WoT_RESIDNZ

Method: Least Squares

Date: 08/ 7F/22 Time: 22:07

Sample (adiusted) /31,1997 12/25/2020

Included observations: 1247 after adjustments

wariable Coefficient Std. Error t-Statistic Prob.
= 1.002859 0.564703 1. FTS5958 0.0760
WEST_RESID2(-1) -0.00226.4 O.OZSZ41 -0.079SS6 09363

R-squared 0.000005 Mean dependent var 1000623

Adjusted R-squared —O. 0007 oS S.D. dependent var Ao . o0819

S E. of regression 19 91614 Akaike info criterion 8. 822540

Sum squared resid 493832 .4  Schwarz criterion 5. 830766

Log likelinood -5493.854 Hannan-Quinn criter. S.S2S633

F-statistic 0006352 Durbin-Watson stat 2 000005

FProb(F-statistic) 0936541

EVEIWS 10 mebiys alasiwl Ll slae] gotyuuall
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dals -7

Aazll Aledad! Solon W pundy cwlin Slas] z3ged sl e dulyidl sda o gmal

rasgs 25 J) 1997 53l 10 ) Buzell BAaN I (awdall 5Ll & oeall Hlandly dolsl)
29 - el e Bydtue e Wadudl sda of Hlael  Aegend albly e lakael (2020

GARCH bl il atay Iog | G lases¥) 7 s aluserad @3 2slasyl 73kl o
P sl dlyudl oy bls (1.0 )

Cdo¥l Al (e AlalSiiag Bpatus e awdall Sl & oeall Hland Aol Al

cl3g ARIMA(1,1,1 )Jiadl z3gaill 058 5180 S5 dumpin (de dwlydl iaiel
ARCH i1 e gotmy 41 ¥ oz 39l i 5lasl 3 mlall (o degazma slaxedLy

Al o L aST a5 (a9 «Aia3d) aladadl (e GARCH (1.0 ) z3ged Gushas @
ALl el 3 adaldl 5L 4 seall Hlasdll 2ol
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& Hdudas 2ulys) AW Goudl 8LaS HLas1" (1997) L gobiwtl sola pwsy piun -
A dze I Beade Bygdde e prusbe Wl (AW G slasy Ggw
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