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Abstract

This study aims to implement proficiency testing of GCC stock markets to determine their weak efficiency
dynamics. We test short-term stock returns' predictability to judge how efficient of these markets. In the
other word, we will use daily data for the indices of 7 GCC stock markets during the period from
01/02/2013 to 12/28/2022, which allowed us to explain the impact of the Covid-19 crisis on the efficiency
of this markets, so, this study is better able to know whether the reforms made so far are effective.
Therefore, this investigation may help policymakers improve market efficiency to reduce economic
distortions. We have done a set of tests such as unit root tests (ADF, P.P), natural test, BDS test, variance
ratio test, and AR CH effect test. The study found that the stock returns of the study markets do not follow
the random walk hypothesis and that they can predict their future returns in the short term using historical
returns, which indicates the inefficiency of these markets in their weak formula during the study period,
and also reached the proposal of hybrid models ARIMA(n, d, m) ~-GARCH (p,q) to predict the returns of
these markets.

Keywords: Hybrid ARIMA-GARCH model, Return prediction, ARCH test, ARIMA models

Résumé

Cette étude vise 2 mettre en ceuvre des tests d’efficacité sur les marchés boursiers du CCG afin de
déterminer leur dynamisme dans le faible niveau. Nous testons la capacité de prévision des rendements
des actions a court terme, pour juger l'efficacité de ces marchés. En d'autres termes, nous utiliserons des
données quotidiennes pour les indices de 7 marchés boursiers du CCG au cours de la période allant du 02
/01/2013 au 28 /12/2022, ce qui nous permettra d’expliquer 'impact de la crise du Covid-19 surI'efticience
de ces marchés, c’est pour cette raison que cette étude est en mesure de savoir si les réformes eftectuées
sont-elles efficaces. Par conséquent, cette étude peut aider les décideurs a améliorer I'efficacité du marché
afin de réduire les distorsions économiques. Ainsi, nous avons effectué une série de tests, tels que les tests
de racine unitaire (ADF, P.P), le test du naturel, le test BDS, le test du ratio de variance et le test de I'effet
ARCH. L'étude a révélé que les rendements boursiers des marchés étudiés ne suivent pas I'hypothése de
marche aléatoire et qu'ils peuvent prévoir leurs rendements futurs a court terme en utilisant les rendements
historiques, ce qui implique l'inefticacité de ces marchés dans leur faible niveau durant la période d'étude,
et a également abouti a la proposition des modéles hybrides ARIMA (n, d, m) -GARCH (p.q) pour
prévoir les rendements de ces marchés.

Mots—clés : Modéles hybrides ARIMA-GARCH, prédiction des rendements, test ARCH, modéles
ARIMA
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ADF Augmented Dickey-Fuller Test
PP Phillips-Perron

AIC Akaike Information Criterion
SIC Schwartz Information Criterion

HQ

Hannan-Quinn Information Criterion

AR Autoregressive
ARIMA Autoregressive Integrated Moving Average
ARMA Autoregressive Moving Average
ARCH Autoregressive Conditional Heteroskedasticity
ARCH-LM Autoregressive Conditional Heteroskedasticity- Lagrange
Multiplier
GARCH Generalized Autoregressive Conditional
Heteroskedasticity in Mean
MA Moving Average
MAE Mem Absolute Error
MAPE Mean Absolute Percent Error
RMSE Root Mean Squared Error
JB Jarque-Bera
LB Ljung-Box
OLS

Ordinary Least Squares




PACF Partial Autocorrelation Function
ACF Autocorrelation Function
VR Variance Ratio
VP Variance Proportion
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O ek ) il

-36.59 -36.58 -36.58 L g dond))
-2.56 -3.96 -3.43 %1 ws o 3 da )

1(0) -1.94 -3.41 -2.86 %35 L o B el
-1.61 -3.12 -2.56 %10 ws i 3 4ol
Hy s, Hy 23, H, 23, Aol
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poshl g Ss jler) wil

JolSazrys | olEWly ablill Oguy ol£Y1y abldll b Y-
-47 .45 -47.55 -47.56 i o] gl
-2.56 -3.96 -3.43 %1 L i ) dagd)
1(0) -1.94 -3.41 -2.86 %5 L i ) dogdl)
-1.61 -3.12 -2.56 %10 L o B Al
Hy s, Hy 23, H, 2, Aol

O ek ) il

-47.62 -47.70 -47.71 L g Lol
-2.56 -3.96 -3.43 %1 ws o 3 da )

1(0) -1.94 -3.41 -2.86 %35 L o B el
-1.61 -3.12 -2.56 %10 ws i 3 4ol
Hy s, Hy 23, H, 23, Aol
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poshl g Ss jler) wil

JolSazrys | olEWly ablill Oguy ol£Y1y abldll b Y-
-44 .54 -44.57 -44.55 i o] gl
-2.56 -3.96 -3.43 %1 L i ) dagd)
1(0) -1.94 -3.41 -2.86 %5 L i ) dogdl)
-1.61 -3.12 -2.56 %10 L o B Al
Hy s, Hy 23, H, 2, Aol

O ek ) il

-44.72 -44.70 -44 .68 L g dond))
-2.56 -3.96 -3.43 %1 ws o 3 da )

1(0) -1.94 -3.41 -2.86 %35 L o B el
-1.61 -3.12 -2.56 %10 ws i 3 4ol
Hy s, Hy 23, H, 23, Aol
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2T sl o OF gm 1ay VW e 3 PP i>PP oy s ADF>ADF ol ¥ SIST 2 41 203l

Al = (3 el ot el V) gag ¢l VST Ly [(0) opnddt e
dan ! Juwhdt b BDS aSaxadl Olylas1.5

oI Wilgad daalt Bl St e BD'S afslinn ¥t oyl gt ((12-3)Jga!

b oy
Dimension Z - Statistic Prob
2 11.08047 0.0000
3 13.89778 0.0000
4 15.55031 0.0000
5 16.42038 0.0000
6 17.47647 0.0000
AT ROV WY
Dimension Z-Statistic Prob
2 10.52235 0.0000
3 13.45484 0.0000
4 15.00612 0.0000
5 15.83606 0.0000
6 16.51649 0.0000

161




WO [ SN S faadll

S3gadl QU1 Gl

Dimension Z-Statistic Prob
2 13.15611 0.0000
3 17.17475 0.0000
4 19.52494 0.0000
5 22.28274 0.0000
6 24.93469 0.0000

o) oy

Dimension Z-Statistic Prob
2 10.65300 0.0000
3 12.55278 0.0000
4 13.05640 0.0000
5 13.91831 0.0000
6 15.00997 0.0000
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Ldiows kg
Dimension Z-Statistic Prob
2 14.41597 0.0000
3 15.65117 0.0000
4 16.57492 0.0000
5 17.84083 0.0000
6 18.99273 0.0000

WL By b s Gy

Dimension Z-Statistic Prob
2 13.21483 0.0000
3 15.56251 0.0000
4 16.49752 0.0000
5 17.23789 0.0000
6 18.09477 0.0000

G g3 g

Dimension Z-Statistic Prob
2 12.85011 0.0000
3 16.90159 0.0000
4 18.77853 0.0000
5 20.39996 0.0000
6 21.90268 0.0000
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Eviews 10 gzl b2 o sbxe YU 2Uall slus] o : yball

J,,tz.d\

o jaby Wb O B Sgims dis () sl B A Al e L ST Z-Statistic aslas| ils13]

el 2 Sl e LW s o (12-3) o3 Jaidly Dbyl ool alekdl 065wy (Hg 2!

o jabs Wl o 68 BLGL joed sl Jg5 Blee gl ilgad LSl OF Ll ez i) o O o
Z—ifla=) m=23 ... Embidding Dimension )i =l o of jlasb atdany)
P o Of Lot L= 0= 5% Ggms Gpime 121,96 alall mpjoil) Wgus) 2udl 0 LU ST Statistic
oD O AN o) 20,801 23 Wl (6T sl ST Jol 0 0.05 e 2ol o ed) LoSLdl 2kl Value
el W o ) (g o5 Bl oy Rl 855 IS Lg Lo Blitee pb it g3 Blsnd g1 lye
(o) 2os g3gmedl QW Gaed) (2 By o sSU Bn ¢ a3 2s51) Blow Yl odn 3:LiS pke s oy sl
Bl plall 28l Jodbs OF Jsal) Sy - Cronial) (g5l e (QW 35 Gy 3 B B of Gsor hain 2y

e sl Jo seal) alG anl,)

(W1l §udl a8 Olyles) )Variance Ratio Test yldl s jlas1 .6

AU sl e Wad (el aslsad 2aadl oSl e etV s 5
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lgadl Byl8) e W1 oguadl i) Aslt a1 Josdhadl s ) Byl iz (13-3) Jgud

55 g e

sdadl jlasY)
9.532744 IS,
0.0000 (A1) —P— 40,8
iy @) oyl
-P- i3 S1 (k) VR (k) (K) ipa
0.0000 -9.532744 0.554538 2
0.0000 -8.735220 0.271328 4
0.0000 ~7.132849 0.145849 8
0.0000 -5.937491 0.067814 16

ALY BlysN s B gand bl A L)

sdad) jLasY
11.82702 JS:
0.0000 (W) —P— 1.3
&340 Oolyles)
-P- i S1 (k) VR (k) (K) <t
0.0000 -11.822702 0.617818 2
0.0000 -11.24840 0.317345 4
0.0000 -9.050539 0.164803 8
0.0000 -7.182435 0.083070 16
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SSAM\ é\l\ é}.«U d,g\.,::]\ dd ylas!

sdad! jlasY
7.874560 JS,
0.0000 (1) —P— 4o
&3 41 Oyl
~P- i S1 (k) VR (k) (K) <t
0.0000 -7.874560 0.580547 2
0.0000 -7.743492 0.284939 4
0.0000 -6.571814 0.145442 8
0.0000 -5.482144 0.072126 16

o Bysd ) s S

sdad) jLasY
10.93937 JS:
0.0000 (i) —P— i3
&340 Oolyles)
-P- i3 S1 (k) VR (k) (K) <zl
0.0000 -10.93937 0.501192 2
0.0000 -9.233409 0.265958 4
0.0000 -7.536668 0.143828 8
0.0000 -5.796843 0.069326 16
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Liis doysd pld) dd Hlas!

sdad! jlasY
7.137786 JS:
0.0000 (1) —P— 4o
&3 4l Oyl
~P- i S1 (k) VR (k) (K) <t
0.0000 -7.137786 0.623045 2
0.0000 -7.064542 0.344356 4
0.0000 -6.005019 0.183621 8
0.0000 -4.879056 0.091837 16

WU By b sl Ggmd (ol Ao Lz

sdad) jLasY
9.802850 JS,
0.0000 (W) —P— 1.3
&340 Oolyles)
-P- i S1 (k) VR (k) (K) <t
0.0000 -9.802850 0.526638 2
0.0000 -8.016929 0.264379 4
0.0000 -6.120940 0.143073 8
0.0000 -4.654030 0.067028 16
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10.15567 JS¢
0.0000 (W) —P— 408

&3 40 Otylas

—P- i S1 (k) VR (k) (K) <1 pdl
0.0000 -10.15567 0.564078 2
0.0000 -9.280893 0.275406 4
0.0000 -7.317765 0.144626 8
0.0000 -5.724594 0.070628 16

Eviews10 qobp Je sbxs b Al slas) ooyl

28 Syaall ol 223 OF () o3y Jodl @ s 16 (8 4 2 ol Jf 0 Var-Ratio Ll o gl

s g ks 1 e Lgn Gl W (s OF sl ((lssad) ol ) Hp 20 28y o2 5 iz

2 B e by ST asle il af e 0.05 e sof s @) P-Value JleY1 s U1 0.05

T Gl e LU ST kbl a0dll Z(Qq) olilas] 4 dgr oy o sl o) 223) Hip desall 20,4

Z(q) «ste~y P-Value Jui 2 0F a3 1is ) 8LoYL 5% agell 2ns 2ie 1,96 adall sl

Hy flszal sl 203 2y 1] bask My 0.05 o L 2l 0.0000 (g5l g

2 £ rg sl OhLas Y1 ol sdadd Lt el JLas O et dadll Bl o ST 590 giall s OF gl

of sw & (Martingale Hypothesis) Jinig Ul 204 xiad wigall Lodle of e a8 gt 20,4

EREUETH R WU PO TN IR TS

Sl gl Ollast il Ao Gl —
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e T P

3 Aoy) e V) ilgad redd Btal) LSl 08 OF slis dn ) kol BDS L) s S 0 @
Gom I BN b gl Gomr (lahns oy (oppd) Aoy (g35medl S Bl (W G1)s S G
Lo Lo i 2 (U o

ool Lo g a3 I Slgtall jedl aas Y oSl OF 4] bogis Slgtall ol bs gad pas o) @
a5 Y el sl Of @bl 3 (Variance Ratio Test) Ll aws jlas) Z ) s ds

sead) sl e aiznll algall sl 2ol g Wlse plisaaal (S sl s oy Slpiall sl
o W1ge s 3 ) il s Ko 352 5.7

Wlga) asd) SLLL AR(L) 3ol il e Jo L) Sl pie (o 39y ) 315 (14-3) o) e
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o W gad el dad) Jddd AR(1) 350t S1gy Jo ARCH ji 342y jlsl it :(14-3)Jgus

ARCH ji jlzs
F- Statistic 66.70058 Prob F (1,2483) 0.0000 kb doyy
Obs* R-Squared 65.00800 ProbChi-Square (1) | 0.0000
F- Statistic 148.1222 Prob F (1,2433) 0.0000 | L3 B1ysN st B oo
Obs* R-Squared 139.7367 ProbChi-Square (1) | 0.0000
F- Statistic 390.9084 Prob F (1,2491) 0.0000 @39t U1 G g
Obs* R-Squared 338.1560 ProbChi-Square (1) | 0.0000
F- Statistic 160.7964 Prob F (1,2453) 0.0000 o) doyg
Obs* R-Squared 151.0275 ProbChi-Square (1) | 0.0000
F- Statistic 131.5617 Prob F (1.2439) 0.0000 Lis Loy
Obs* R-Squared 1249307 ProbChi-Square (1) | 0.0000
F- Statistic 417.4840 Prob F (1.2498) 0.0000 | &l 3y b i Gsm
Obs* R-Squared 375.9886 ProbChi-Square (1) | 0.0000
F- Statistic 338.6579 Prob F (1,2496) 0.0000 QU1 g3 Ggm
Obs* R-Squared 298.4373 ProbChi-Square (1) | 0.0000

Eviews10 qobp Jo sbxs b Al slas) e - paal

Wlga) Aol Fal LSl meadk AR (1) 23501 31y de ARCH f 59y el (14-3) 3, Joadt IS5 e

) 20,3l Jsdy HO deddd) 2,080 by o3 ey <0.05 o st Prob Chi -Square 13 >3 LS (g

Goas sy USCal ods g ARCH 350 e 311 O ol ol e el o 350l 1o oLl O o H
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(Fd) Ogladl 2 o BILH BlygYY Blgul ool Wilgmy ol 3L ks 1 I e

LS 23U A5 I e 3y ol Ggladl) g J93 Bl gV Wlge ot a5 ol s (3 iz
Jb el de Jamd (3Ll ads 2aidle amd (] B8 Ggw dny Lesdy bS] S 2l 8l gl w5
Ldd) Csu\

ARIMA (n.d.m) ~-GARCH (p.q) £i!gab juall 7l z3gedd LSl Sldootght :Jo¥1 el

AN Gomdl ARIMA-GAR CH 356 <¥ulasy sl 50 s 35l oS5 el dad (3 T o s

3 AR 26 #1Y Akaike (AIC) jnn 3)ae 5 o 3y ARIMA 23508 501l sz a9 Y5
wl g Y ey Hannan -Quinn (HQ) ey Schwars (BIC) s 581 slal) ae 2y MA
e 33538l Slaglaall Lo L5 o5 glly colashall ks e lely 5 b B2)6 2 jlas) sa8 hsed Llas) 3
5397 yulall odn Jui5 SULL 3L e degaz ] Bl QWL (UL Wy g adaall fted Cpme 358 plitsial
QH BIC (AIC) 5 sds iad o 33V a1 e s ) 2390l ga Laill o3sailly 2358 |87
35 Al Bylal) SIS a deagd) Wleall ARIMA #5900 Jdb W1 alal Jo el ol g o) 1da 3
ARIMA-GARCH pzd/ #3530 1
Sy Eur e ket Ciog i
OS5 L 0] 8 Whad 2Dl Ol ks ¢ oy Atell Sl Ll amd 3 Al ol olglas Ll e
SLL O o5 e (1-3) ISadl (3 moge o LS 3y 5allal] 21 ol ooy @ S5 Bome o g (ST

pestl J (s Jles) sl Jdar ohlas) elr) F ASlas Y Al s G Lo ASTWy L pldly o)l (3 B

(11-3) Joadl 3 e 52 WS asd) Al izl Lam il PP 09y ki jlasly ADF
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)y Bl Al o -0

T35 2 Bl 3 3l ang (0 (sles d Sl s OB (sl i 5 e 2yl gk Alal) LSl OF s
0P b s iy ¢ () el g yally AR I YL ol b 2, demps id iy ARMA(D,m)
sy ACFE Gl BLs Y1 dls piny Ljung-Box amgi b e (M) 500 25 ells MA 255l ollaw sl

ARMA(n,m) z3sed S L) el ) sty PACE b1 31 by
ARMA (n.d.m) z3sed L5 Sliwlht jlzst 2
b ivsye § ARMA (n.m) g3sed LBl Slhslsh et —1

B Aoy & Ji G byt ding Gl by Y1 A1s puis il 1(2-3) o3y S

Date: 03/14/23 Time: 23:47
Sample: 1 2486
Included observations: 2486

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
| | 1 0.099 0.099 24.358 0.000
i I 2 0.001 -0.008 24.363 0.000
@ 5| 3 0.082 0.084 41.230 0.000
i (] 4 0.024 0.008 42.664 0.000
] ] 5 -0.026 -0.028 44.343 0.000
i (] 6 -0.006 -0.007 44.438 0.000
I I 7 -0.016 -0.018 45.063 0.000
] ] 8 -0.046 -0.040 50.451 0.000

©

0.008 0.019 50.607 0.000
i (] 10 0.017 0.016 51.302 0.000
I I 11 -0.043 -0.039 55.875 0.000
i i 12 0.009 0.016 56.075 0.000
i i 13 0.001 -0.008 56.077 0.000

i ] 14 0.018 0.025 56.869 0.000
] ] 15 0.036 0.032 60.110 0.000
i i 16 0.031 0.022 62.546 0.000
i 0 17 -0.036 -0.043 65.766 0.000
i 0 18 -0.027 -0.025 67.575 0.000
i (] 19 0.003 -0.001 67.591 0.000
i i 20 -0.013 -0.004 67.990 0.000
i ] 21 -0.009 0.002 68.172 0.000
i I 22 -0.012 -0.012 68.527 0.000
i ] 23 -0.011 -0.005 68.818 0.000
i ] 24 0.024 0.026 70.301 0.000

Eviews10 qobp Slr 2 e sbaxs b Al slis) e yuald
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o) JSs Wl oS5 ilnd el s e Wilas] B sl SlsbLII IS70T sy (2-3) ISl I3 e
S G LU Al (S e e LS ailine (K SIne bl Jlgs S8 0lis b Ldl oy (Ko g
G s iy ¢ oy Blam] Bgine l3 BT T 2801 12 ol ool bl 201 spally 531 350 of PACFE
@l Ji oyl ool sblall 2l rally LoV sl OF ez e ACE Gl LU 2l (Ko ok i 529
o BUARMA £356 Gliole 1af Cwall o Jod el odn QY1 ovazr ¢ pog Blias| Bisian I3 ]

PACF 4 ACF s | Jos

ARMA (n.m) g3ged Jild) Lz jlest .3

7358 wlivll S L) oslesl gz wlb PACE, ACE (9 0 2300l Slivlss Lad dsmsal b
HQuebs cbls BIC gloe AIC biST 550 2 e (z3sadl 5354 2l pldl Je e ARMA
ARMA 35 Sl sV el ol () Jotd oy caila) ol s sall 2ad ool 334 &) addedl el o

s doysd Al Wisel) (N.M)

ARMA (3.3) 3» AIC jlas (o V1 2300l 0 ST L V1 gils 0F ca (2-3) UK I e
BE W, MA®) s AR (1) 23U o 0 ¢ r3sé 16 n o0 ARQB) G5 daeas
o9 JWby ARMA(3,0) £35¢ =y HQ sl 00ls jiney BIC 555 jlas 0 0 ¢ ARMAG3,3)
Ao doysd deedl 358 Juasly HQ 157 06lay BIC 5158 (gluns Wl pals @l il o 55 G Lo S

AR(3) i+l iipas s ARMAG3,0) o
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8 vy SARMA (n.m) z3ged SUKN jlas¥1 jlast wils (15-3) Jgud!

Model AIC* BIC HQ

ARMA (3,3) 2.844207* 2.862931 2.851007
ARMA (3,0) 2.845184 2.856887* 2.849434*
ARMA (0,3) 2.845807 2.857509 2.850057
ARMA (3,1) 2.845954 2.8599972 2.8510542
ARMA (1,3) 2.845999 2.860042 2.851098
ARMA (2,3) 2.846227 2.862610 2.852176
ARMA (3,2) 2.846254 2.862638 2.852204
ARMA (2,2) 2.849293 2.863336 2.854393
ARMA (1,1) 2.850176 2.859538 2.853576
ARMA (0,1) 2.850466 2.857488 2.853016
ARMA (2,1) 2.850641 2.862344 2.854891
ARMA (1,0) 2.850704 2.857725 2.853254
ARMA (1,2) 2.850733 2.862435 2.854982
ARMA (0,2) 2.851066 2.860428 2.854466
ARMA (2,0) 2.851436 2.860798 2.854836
ARMA (0,0) 2.859742 2.864423 2.861442
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- 35 ARMA (3,0) pasandl 300l 2So (subs B2k agn Wompog Lwlsl e Slodl s
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B oyed Bled ard S 3l Gl blayy Wis 1(4-3) e

Date: 04/20/23 Time: 03:35
Sample: 12486
Included observations: 2486

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
i (] 1 0.165 0.165 67.477 0.000
m i 2 0.141 0.117 116.96 0.000
m (| 3 0.152 0.117 174.62 0.000
i ] 4 0.088 0.036 193.74 0.000
| fl 5 0.124 0.081 232.25 0.000
f (] 6 0.049 -0.008 238.13 0.000
fl (] 7 0.056 0.017 246.01 0.000
] i 8 0.041 0.001 250.11 0.000
f ] 9 0065 0.042 260.69 0.000
i fl 10 0.093 0.062 282.31 0.000
] i 11 0.039 0.001 286.19 0.000
i i 12 0.052 0.015 293.03 0.000
i) i 13 0.040 0.004 297.08 0.000
0 (] 14 0.056 0.026 304.87 0.000
0 i 15 0.047 0.010 310.28 0.000
i ] 16 0.008 -0.020 310.45 0.000
i) i 17 0.026 0.003 312.16 0.000
0 i 18 0.065 0.050 322.74 0.000
i ] 19 0.006 -0.026 322.83 0.000
0 (] 20 0.042 0.022 327.34 0.000
] (] 21 0.027 0.004 329.18 0.000
i I 22 -0.003 -0.024 329.21 0.000
i (] 23 0.013 -0.007 329.64 0.000
] (] 24 0.027 0.019 331.46 0.000
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a8 dvyed ARMAQ3,0) 3¢ 31sd Jarque-Bera e mits :(5-3) JKad!

700
il Series: Residuals
600 _| Sample 1 2486
Observations 2486
500
Mean -8.75e-05
400 Median 0.000689
N Maximum 7.048780
300 — Minimum -10.20561
Std. Dev. 1.006951
200 | Skewness -0.591494
Kurtosis 13.55798
100
Jarque-Bera 11691.50
ol e e e Probability 0.000000
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W Jgladt (3 andly ool las Y ol

(HO : p(k)=0) 22} O s 3929 Je Jop & 0.05 0 5 P-Value a3 <o’ Ljung-Box Lz
315 b)) s ol (T il e Lgtee Gl Slodl b I BLEYI eMales 06 ULy (HT 2 p(k)#O) Jssy
- Sl o

H1 :ai#0) Jzy (HO : @i=0) =35 iy 0.05 .« P Value a3 s ARCH LM jLas
ARCH J b s>y JWby (Heteroscedasticity) bt b5 (6l pus alSan sy o s g

B i)l jas) O o 359 e AN 10 35 0.05 0 P value w3 cos’Jarque -Bera L
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Y &Yl e aadh ) e e ade slazeW) Las Y ARMA (3,0) £35f 0F o 6 iz

T3 Ll pshiny weUST e 83Ul 05y T e e SMaas ] ot ST oY) 3l ey

ool zhgedl jlesl a
ARMA (n,m)-GARCH(p,q) z35 ;o2 Q3 P o0 IS oW Csf) jles1.4

Wl aglgiall clas W b bl ol UL P sy e GARCH(D,Q) 7358 o ol dslan oy 6
th LS bl bl ol ) i Q
2 S 2 r 2
of =wo + XNi=1 A& + Zj=1 Bjoi_;

o ik ol (HQ e ot jlas BIC s jlas ALC ST jlas) pulall o3 ()9 s
) oz eet ARMAS,0) 7356 J) 8Lyt ARMA(N, m)-GARCH(p.q) £34¢ o2 (P,9)

ALY el Y i e slexeYl Y 2350

A28 425l (P,q) @I )yt (16-3) gt

i ARMA (3,0) 2.2) 2y | a2 ) | s
1,1 2.8446 2.477400% | 2.4775 | 2.4778 2.477456 AIC
ARMA (3,0) 2.8540 2.4998 2.4962 | 2.4965 2.4938* BIC
1,1 2.8480 2.4850 2.4843 | 2.4846 2.4841* HQ

Sbreld ded 8L anen ol 30l JI s Eviews10 qobp Jo sbxs b Al slus) oo : ybaal
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i3 2sys) ARMA(3,0-GARCH(1,1) £35# s oylss it :(17-3) s

ARMA (3,0) - GARCH (1,1)

Coefficient Z-Statistic Prob

AR (3) 0.051218 2.604636 0.0092

Variance Equation

C 0.059974 8.925936 0.0000

RESID (-1) "2 0.183343 16.29542 0.0000

GARCH (-1) 0.772508 52.66779 0.0000
Akaike 2.621812
Schwarz 2.633527
Hannan — Quinn 2.626067
Durbin —Watson 1.800138

Eviews10 qeby e sl Al slis) oo ybaal

O e 0.05 Ggme st s a5la>] IV ol AN z3sadl SMalas O L5 (17-3) Jaad! I -y
o 52 Sl s s o Loy (1,96 ol sl adsud) ) e Ll ST L ST Cis g lslas|
0.05 o Ll 5T e gy dlali SO Prob ajle=Y)
0.77 iU B aesd pis iy ARCH. T 55ms 155 L dgime slos Y1 Jubes O La>Yi L) dlslak 2ty W
GARCH (1.1) £35¢ Sulas 0T LS 51 aiin by Logite 058 ododil] dads M 2l e sl L) O )
H aged) dplinal 3is & 5T Lagesagty Olomge

a+f=0.183343 +0.772508 = 0.955851 < 1

it i sk w8y by 3yera VU e Y el ST 0T s
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ivypd ARMAQ, 0) - GARCH (1,1) z36¢ puid iglgiall slasY) Olylest mits :(18-3)J !

b

ARCH| ARCH| ARCH| ARCH |LB(20)|LB(15) | LB(10) [LB (5)| ¥
(20) (15) (10) ®)

0.9994 | 0.9938 | 0.9521| 0.7928 | 1.000| 0.996 | 0.959 | 0.799 P

Eviews10 qb, Je sbaeYb alal slas] oo 2 jiall

Bl ) ) S el DL aSCie s pae Ljung-Box  jlesl 5 o0 an (18-3)J5ad) I3 (e

il sh AT sae Ol Y I Raad) 204 Jod U ARCH-LM L) s 5 L7 20 clla)) 53

oNs J il GARCHE35¢ 0f e 531 e Jlgy Jayg slas ) o Sl s wld pe 2lSCii a b

bkl e e blanl m3ged) janad 535 Wby LA SE) 3 ads slasY

ARMA(3,0)-GARCH(1,1) ¢35¢ ARMA (3,0) z35¢ v 4l

ARMA(3,0)- z35¢ Ul Jswoslly ade oM clzrl o Ll slez¥ly ARMA (3,0) 2356 el o elgs V) sy

plad) 5l Wlsad 55V saalis a6 gl & gl ) 230adl e aSTH G5l T ey cpndl GARCH(1,1)

ol ol s Luge 5l o7 e comdgaddd gl @5 aglin (o IV e U3y (il J51s) b 2 )s)

s Ll olsd 2y RMSE, MAE MAPE, Variance Proportion, TIC sl astasy)

il odd o3 Bl ad gimy ol 23t OF e Yl

b doysd rdsad! G Wplied) gt @3 yyles 1(19-3)J 03

z3sed RMSE MAE MAPE Variance TIC
Proportion
ARMA (3,0) 0.515602 | 0.374262 | 0.993620 0.435075* 0.843464"
ARMA (3,0)- | 0.478987* | 0.357625* | 0.962121* 0.941996 0.883892
GARCH(1,1)
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Date: 04/22/23 Time:17:19
Sample: 12436
Included observations: 2436

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
| i 1 0224 0.224 122.84 0.000
0 I 2 0.042 -0.008 127.25 0.000
0 i 3 0.059 0.054 135.79 0.000
i (] 4 0.017 -0.008 136.54 0.000
i I 5 -0.007 -0.011 136.65 0.000
I I 6 -0.020 -0.019 137.59 0.000
i (] 7 0.003 0.012 137.61 0.000
I I 8 -0.018 -0.021 138.43 0.000
i (] 9 -0.000 0.011 138.43 0.000
] (] 10 0.037 0.036 141.75 0.000
] (] 11 0.036 0.022 144.83 0.000
] (] 12 0.037 0.025 148.26 0.000
i i 13 0.002 -0.016 148.27 0.000
i i 14 0.011 0.010 148.58 0.000
i I 15 -0.018 -0.026 149.34 0.000
! ] 16 -0.023 -0.012 150.61 0.000
i i 17 -0.031 -0.024 152.97 0.000
i i 18 -0.029 -0.013 155.07 0.000
i (] 19 -0.004 0.009 155.10 0.000
i i 20 0.017 0.021 155.81 0.000
i i 21 0.004 -0.005 155.85 0.000
i i 22 0.006 0.003 155.94 0.000
] (] 23 0.030 0.024 158.12 0.000
i ] 24 0.048 0.035 163.70 0.000

Eviews 10 w2 e slaeYU 2l slas] - 2 ydaad
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ARMA (n.m) g3ged JEd) L) jlast —

s AIC b)) B0 bl o JasV1 2500l OF cusT LW s oF ca (5-3) ISl o s
o W B oS Gand Bl 2396 il QWb ARMA (1,0) ,» ( HQ (.5 0tls ¢ BIC

AR (1) 4 10 JARMA(1,0)

W B st Gy JARMA (1,0) z3s0d S Hlasd1 jles) il (20-3) Jgusr!

Model AIC BIC HQ
ARMA (1,0) 3.342842" 3.349983* 3.345438"
ARMA (1,1) 3.343391 3.350532 3.345987
ARMA (0,1) 3.343529 3.353050 3.346990
ARMA (0,0) 3.393717 3.398477 3.395447

e IS o st g0t ) i *
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W BB cysSdt Bged Bl b S5 GIIg @I bLsyYi s (8-3) e

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
i i 1 0.185 0.185 83.039 0.000
i i 2 0192 0.164 173.30 0.000
| {m 3 0.266 0219 34554 0.000
| i 4 0222 0.140 466.29 0.000
m (] 5 0.128 0.016 506.07 0.000
m i 6 0.105 -0.014 533.26 0.000
i i 7 0.121 0.016 568.81 0.000
0 ] 8 0.046 -0.041 574.07 0.000
(s} i 9 0.112 0.065 604.87 0.000
0 ] 10 0.046 -0.012 610.13 0.000
i ] 11 0.022 -0.024 611.30 0.000
] I 12 0.028 -0.015 613.21 0.000
@ i 13 0.085 0.061 630.86 0.000
] (] 14 0.036 0.015 634.12 0.000
0 (] 15 0.054 0.039 641.33 0.000
0 (] 16 0.053 0.006 648.11 0.000
0 i 17 0.060 0.021 656.95 0.000
] I 18 0.026 -0.024 658.63 0.000
] ] 19 0.028 -0.010 660.62 0.000
i) i 20 0.038 0.004 664.16 0.000
i ] 21 -0.004 -0.028 664.21 0.000
] (] 22 0.026 0.006 665.89 0.000
i (] 23 0.011 -0.002 666.18 0.000
] | 24 0.017 0.012 666.92 0.000
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(HO : p(k)=0) 25} O s 3929 Je Jop & 0.05 x5 P-Value w3 <o’ Ljung-Box L=
315 b)) dmg ol (6T il o Lgtee Gl S0l b I BLEYY oMlas 06 1Ly (HT 2 p(k)#O) Uy,
(H1 :ai#0) Lsy (HO : i=0) =35 ey 0.05 . P Value a3 <o’ ARCH LM L=
ARCH J 4t 4>y JWiy (Heteroscedasticity) e s Sl pie dSlan sy Jo s 1y
i)l G i)l a3 OIS o 392y Je WV 10 (39 0.05 0 BIP value s cus”Jarque -Bera Lz
Lk b ws Y e O 6T (HO - b by a5 31001 Sl

YooY a2 dead bl L T e ade sl Las Y ARMA (1,0) 2348 0F o e iz
T3 b paiiny weUST e 83L3llg opshas Il e ade oBdas Jis] mars SO oY1 3 g0l jaa

ARMA(1,0) z35¢ ar ey sl an bl ff .o ARCH , GARCH

W 3hW el Ggd ARMA(1,0) £34¢ 315d Jarque-Bera e mits :(9-3) !

500
Series: Residuals
[ ] Sample 1 2436

400 | Observations 2436
— Mean -0.000176
3004 Median 0.013380
Maximum 7.097356
200 ] - Minimum -9.826756
Std. Dev. 1.285883
Skewness -0.269121
100 Kurtosis 7.495520
J %}» Jarque-Bera  2080.689
ol = I e Probability 0.000000

-10 -8 -6 -4 -2 0 2 4 6
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ool 35l jlesi—
ARMA((n,m)-GARCH(p,q) g3 oo Q9 P o0 JS oW Gl jlasi—

ailz ol (HQ chssobls jlas BIC e jlas (AIC cbiST jlas) jolall o3 (21-3) 5 s
S oz ot ARMA(L0) 234 d) sloyu ARMA(L0)-GARCH(p.q) 735 oo (P,Q) o

B el BV 8 e slaxeYU ) 2350

W 313 oy Bged (P,q) @D i sl (21-3)J !

i bl ARMA (1,0) 2.2) 2.1 (1.2) L) | s
2,1 3.342842 3.184537 | 3.18377* | 3.185479 | 3.185772 | AIC
ARMA (1,0) 3.349983 3.201204 | 3.198062 | 3.199765 | 3.197677 | BIC
2,1 3.345438 3.190596 | 3.18897* | 3.190673 | 3.190100 | HQ

Sreld ded L anen ol 30l JI pis Eviews10 qobp Je sbxs b Al slas) syl
2o 0B Wby M sl ga (P=2,q=1) o) OF mzn 2aLd) uleald Wigy (22-3) 5 I e
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W 31t eyt Bd ARMA(L1,0)-GARCH(2,1) z348 pus Syt @il (22-3)Jgud!

ARMA (1,0) - GARCH (2,1)

Coefficient Z-Statistic Prob

AR (1) 0.230571 9.779187 0.0000

Variance Equation

C 0.266122 6.645551 0.0000

RESID (-1) "2 0.121993 6.244874 0.0000

GARCH (-1) 0.607694 13.91247 0.0000
Akaike 3.183776
Schwarz 3.198062
Hannan — Quinn 3.188970
Durbin —Watson 2.007309

Eviews10 U b sl YL AW sl e el
Of e 0.05 agme Gtomn e a5liax] WYs 3 AN Z3sadl SMalas of L5 (22-3) skt I -y
o 52 Sl s s o Loy (1,96 ol sl adoud) 2l e Ll ST L ST Cisgnn olilas!
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0.60 iU B aesd pis bag ARCH T sms 055 L dyime slos Y1 Lules O Ja>S L) adlslal aeddly W
GARCH (2.1) £35¢ Sules 0F LS 5 adin ol Logio 058w dodal) 2as 1) el o sl ol OF )
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a+f=0.121993 + 0.607694 = 0.729624 < 1
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dsd ARMA(1, 0) - GARCH (2,1) z34 pudd iglgiall slas-) Ollasl wils 1(23-3)J !
W1 B0 s
ARCH| ARCH| ARCH | ARCH |LB(20) | LB(15)|LB(10) | LB (5)| Y
(20) (15) (10) ®)
0.6090 | 0.7119 | 0.5347| 0.9497 | 0.598 | 0.708 | 0.511|0.948 Pag
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ARMA (1,0) ~GARCH(2,1) z35is ARMA (1,0) z35é ¢ %y

ARMA(1,0)- £35¢ U] Jposlly ke oSudadl el o Ll lesVIsARMA (1,0) 2352 el o sle¥) o
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z3sed RMSE MAE MAPE Variance TIC
Proportion
ARMA (1,0) 1.319104* | 0.943680 0.98517 0.987895 0.969819
ARMA (1,0) - 1.319469 | 0.943261* | 0.95783* 0.987219* 0.949424*
GARCH (2,1)

el slue) e el

ARMA(1,0)- 734, ARIMA (1,0) 754 adal o il oild Jpadl s or iy o
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Date: 03/15/23 Time: 00:17
Sample: 12494
Included observations: 2494

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
i o 1 0.125 0.125 38.994 0.000
I ] 2 -0.015 -0.031 39.586 0.000
0l il 3 0.054 0.061 46.806 0.000
! I 4 0.005 -0.011 46.858 0.000
f fl 5 0.069 0.075 58.840 0.000
I ] 6 -0.016 -0.039 59.460 0.000
i i 7 -0.054 -0.043 66.671 0.000
i ] 8 -0.013 -0.011 67.125 0.000
i i 9 -0.011 -0.007 67.411 0.000
i i 10 0.006 0.008 67.503 0.000
i i 11 0.008 0.010 67.650 0.000
i i 12 0.009 0.015 67.845 0.000
i ] 13 -0.004 -0.009 67.888 0.000
i i 14 0.003 0.003 67.912 0.000
i) (] 15 0.035 0.031 70.973 0.000
i I 16 -0.000 -0.010 70.973 0.000
] ] 17 -0.029 -0.027 73.031 0.000
] I 18 -0.026 -0.021 74.684 0.000
] i 19 0.036 0.043 77.889 0.000
] (] 20 0.031 0.018 80.233 0.000
i (] 21 0.003 0.004 80.261 0.000
i (] 22 -0.001 0.001 80.263 0.000
i (] 23 -0.006 -0.006 80.369 0.000
i (] 24 0.016 0.009 81.042 0.000
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ARMA(N.m) z3sed JU jlzY) jlas1—

oS 0ty BIC jjles jlas o Lad¥l 235l OF 0asT jlas¥1 ils OF cpe (25-3) Joadt I o

AR(5) 51 iy JARMA(5,3)

g3t QW Goudt § ARMA(D, M) z350d JU jlas1 jlasl oils (25-3) o3y Jgu!

Model AIC BIC HQ Model AIC BIC HQ
ARMA (5,3) | 3.010654* | 3.033997* | 3.019130* | ARMA (2,1) | 3.015601 | 3.031971 | 3.021564
ARMA (3,5) 3.011134 | 3.034477 | 3.019610 | ARMA (2,3) | 3.015627 | 3.027411 | 3.019978
ARMA (5,4) 3.011276 | 3.036953 | 3.020599 | ARMA (3,2) | 3.015631 | 3.031971 | 3.021564
ARMA 4,4) 3.011975 | 3.035317 | 3.020450 | ARMA (1,2) | 3.015740 | 3.027411 | 3.019978
ARMA (2,5) 3.012082 | 3.033091 | 3.019710 | ARMA (0,3) | 3.015786 | 3.027458 | 3.020024
ARMA (0,5) 3.012327 | 3.028667 | 3.018260 | ARMA (1,1) | 3.015837 | 3.025174 | 3.019227
ARMA (5,2) 3.012506 | 3.033514 | 3.020134 | ARMA (4,1) | 3.016135 | 3.032475 | 3.022068
ARMA (5,5) 3.012763 | 3.040774 | 3.022933 | ARMA (2,4) | 3.016404 | 3.035078 | 3.023185
ARMA (5,0) 3.012856 | 3.029196 | 3.018789 | ARMA 4,2) | 3.016430 | 3.035104 | 3.023211
ARMA (4,5) 3.012887 | 3.038564 | 3.020010 | ARMA (0,4) | 3.016523 | 3.030528 | 3.021608
ARMA (5,1) 3.012951 | 3.031625 | 3.019731 | ARMA (3,0) | 3.016952 | 3.028623 | 3.021189
ARMA (1,5) 3.013128 | 3.031802 | 3.019909 | ARMA (1,4) | 3.017091 | 3.033431 | 3.023024
ARMA (3,3) 3.014303 | 3.032977 | 3.021083 | ARMA 4,0) | 3.017636 | 3.031641 | 3.022721
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ARMA 4,3) 3.014503 3.035511 | 3.022130 | ARMA (0,2) | 3.018786 | 3.028123 | 3.022176
ARMA (3,4) 3.014634 3.035642 | 3.020049 | ARMA (0,1) | 3.018980 | 3.025983 | 3.021523
ARMA (2,2) 3.014963 3.029341 | 3.020627 | ARMA (2,0) | 3.019837 | 3.029174 | 3.023228
ARMA (3,1) 3.015336 3.027273 | 3.019839 | ARMA (1,0) | 3.020029 | 3.027032 | 3.022572
ARMA (1,3) 3.015542 | 3.031967 | 3.021560 | ARMA (0,0) | 3.034966 | 3.039634 | 3.036661
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Included observations: 2494

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
| | 1 0.367 0.367 336.16 0.000
[ m 2 0.307 0.199 571.15 0.000
m ] 3 0.116 -0.057 604.72 0.000
m i 4 0126 0.055 64456 0.000
Ul 1 5 0.129 0.083 685.88 0.000
o (] 6 0.116 0.026 719.33 0.000
i I 7 0.070 -0.019 731.75 0.000
i ] 8 0.070 0.026 744.07 0.000
f i 9 0.080 0.045 760.12 0.000
@ (] 10 0.084 0.023 777.79 0.000
f (] 11 0.068 0.001 789.28 0.000
f (] 12 0.078 0.035 804.39 0.000
] ] 13 0.025 -0.033 805.96 0.000
i ] 14 0.060 0.032 814.96 0.000
0 (] 15 0.048 0.018 820.67 0.000
] I 16 0.033 -0.020 823.48 0.000
i ] 17 0.052 0.031 830.27 0.000
i I 18 0.023 -0.011 831.64 0.000
i I 19 0.022 -0.010 832.83 0.000
i (] 20 0.014 -0.002 833.35 0.000
] (] 21 0.031 0.020 835.71 0.000
i i 22 0.020 -0.004 836.70 0.000
! I 23 0.013 -0.013 837.10 0.000
i ] 24 0.012 0.006 837.49 0.000
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T3 b paiiny weUS e 83Lllg opshas Il e ade Bdas Jis] mares S 1Y) 3 g0l e

ARMA(5,3) z35¢ s s sl an bl ol .o ARCH , GARCH

@39ndl QW1 G5l ARMA(5,3) 356 31gd Jarque-Bera et mits :(13-3) JKadt

700
M Series: Residuals
600 _| — Sample 1 2494
Observations 2494
500 |
Mean -9.52e-05
400 Median 0.055557
] Maximum 8.689758
300 | Minimum -8.595535
Std. Dev. 1.098404
200 | Skewness -0.847821
Kurtosis 13.64013
100 |
l\,;—t_{ Jarque-Bera 12063.44
ol el - Probability 0.000000
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Lye ARMA (5,3)-GARCH(p.q) ¢35 o2 (P,9) o

AL eleedd BY A e slasYl o1 230l et oz et ARMA(S,3) 2346 ) 0

@3gadt JU Gl (P,q) W G st 1(26-3) 9!

i e ARMA (1,1) 2.2) 2.1) (1.2) R ]
1,1 3.028414 2.669816 | 2.669611 | 2.669701 | 2.669132* | AIC
ARMA (5,3) 3.037751 2.688522 | 2.685978 | 2.686068 | 2.683160* | BIC
1,1 3.031804 2.676609 2.67554 | 2.675644 | 2.674226* | HQ

el dod 8L aneny o) Zagedt 1) i *
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gogn) ) Ggll ARMA(5,3)-GARCH(1,1) £348 ps Syt gl (27 -3)Jgud)

ARMA (5,3) - GARCH (1,1)

Coefficient Z-Statistic Prob

AR (5) 0.048858 2.510184 0.0121

Variance Equation

C 0.042495 9.454357 0.0000

RESID (-1) "2 0.182683 15.45720 0.0000

GARCH (-1) 0.797289 65.73849 0.0000
Akaike 2.669132
Schwarz 2.683160
Hannan — Quinn 2.674226
Durbin —Watson 1.743093
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0.9957 | 0.9986 | 0.9969 | 0.9564 | 0.996| 0.999| 0.997 | 0.954 Pas

Eviews10 qoby e sbxs b Al slus) ooyl

B Q) g o ekl LY s 35y pie Ljung-Box  jles) il o iz (28-3) 5l s e

Zisdl s uST aag Ol Y1 Bl 224 o U ARCH-LM jlsl s 5 W™ 20 ol 55

ooy Jb il GARCHz35¢ 0 Jo 530 1ds Jlgj oy ellas 1 5 3ol pls (0l pie Al e b

Dkl 1 e slaal m3sedl jana? 83 Wby L olLa S 3 ade slazeY)

ARMA (5,3) ~GARCH(1,1) z35is ARIMA (5,3) z35é ¢ Gy

ARMA(5,3)- =354 U] Jposlly ke odudadl el o Ll lesVIsARMA (5,3) £358 ely po sl i

Pl gl Wlgad 8, Y1 salin 2t gl ¢ gl Y 3l e aSTR 8345 T ey bl GARCH(T, 1)

ool o lagrg Bl T e e dpetl] gl @5 elie (20 IV e S3y (Rl J515) (s3snnd) QW Bsund)

L olal s RMSE, MAE MAPE, Variance Proportion, TIC sl asta~y) ol a5l

Job or cordgedd 5l B aslie (o pshie SLagll odd o8 BT 4l g @ Z3padl OF e ) 30ad)

197



deldll Z.»\).U\

St fuadlt

@35amd) QU Ggudl rdgadt y Byliel) gl B pyles 1(29-3)Jgud!

z3sed) RMSE MAE MAPE Variance TIC
Proportion
ARMA (5,3) 1.103379* | 0.719574 0.953389 0.995077 0.984659
ARMA (5,3) - 1.104728 0.717268* | 0.948366* 0.994998* 0.941046*
GARCH (1,1)
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) doypm
ARIMA (n.d. m) -GARCH (p.q) L1gay gl zilt #550l) 231 Sldotghi—
ARIMA (n.d.m) z3sed &t Slivlh! jlas-i—

el Boygd S G by disg G by A1s puls s (14-3) S

Date: 03/15/23 Time: 23:47
Sample: 1 2456
Included observations: 2456

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
o i 1 0.115 0.115 32.787 0.000
| (| 2 0.114 0.102 64.788 0.000
f il 3 0.088 0.066 83.666 0.000
0l (] 4 0.059 0.033 92.291 0.000
fl (] 5 0.043 0.019 96.833 0.000
] i 6 0.031 0.011 99.250 0.000
i i 7 -0.013 -0.030 99.656 0.000
i ] 8 -0.015 -0.022 100.21 0.000
] ] 9 0.035 0.039 103.25 0.000
i) (] 10 0.033 0.031 105.94 0.000
f i 11 0.070 0.062 117.91 0.000
0 (] 12 0.050 0.031 124.17 0.000
i) i 13 0.025 0.000 125.73 0.000
0 (] 14 0.053 0.030 132.56 0.000
i ] 15 0.011 -0.015 132.86 0.000
] (] 16 0.027 0.011 134.67 0.000
0 (] 17 0.047 0.037 140.14 0.000
] (] 18 0.035 0.024 143.15 0.000
] (] 19 0.038 0.025 146.76 0.000
f i 20 0.077 0.059 161.57 0.000
0 (] 21 0.049 0.021 167.43 0.000
0 (] 22 0.043 0.011 171.95 0.000
] (] 23 0.039 0.007 175.72 0.000
] (] 24 0.035 0.013 178.74 0.000
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o doye & ARMA (n,m) #3500 JU jlas-Y1 L) w6 (30-3) o3y Jgud!

Model AIC BIC HQ
ARMA (1,1) 1.482069* 1.491525* 1.485505*
ARMA (1,2) 1.482375 1.494195 1.486670
ARMA (2,1) 1.482392 1.494212 1.486687
ARMA (2,3) 1.482757 1.499305 1.488770
ARMA (2,2) 1.483045 1.497229 1.488199
ARMA (1,3) 1.483104 1.497289 1.488258
ARMA (0,3) 1.486573 1.498394 1.490869
ARMA (2,0) 1.487199 1.496655 1.490635
ARMA (0,2) 1.490668 1.500125 1.494105
ARMA (1,0) 1.496863 1.503956 1.499441
ARMA (0,1) 1.499126 1.506219 1.501703
ARMA (0,0) 1.509481 1.514209 1.511199
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Included observations: 2456

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
| [ 1 0.300 0.300 221.95 0.000
f i 2 0.082 -0.009 238.63 0.000
| im 3 0.177 0.170 315.72 0.000
i i 4 0116 0.018 348.79 0.000
() {m 5 0.214 0.194 462.07 0.000
) 5] 6 0.214 0.088 575.43 0.000
0 ] 7 0.064 -0.037 585.37 0.000
() (] 8 0.171 0.135 657.83 0.000
(s} ] 9 0.113 -0.030 689.48 0.000
i i] 10 0.013 -0.050 689.88 0.000
f i 11 0.085 0.015 707.69 0.000
@ i 12 0.085 0.020 725.46 0.000
i i 13 0.059 0.001 734.13 0.000
| i 14 0.111 0.043 764.42 0.000
i ] 15 0.017 -0.037 765.16 0.000
i I 16 -0.006 -0.024 765.25 0.000
] I 17 0.034 -0.013 768.18 0.000
] (] 18 0.035 0.025 771.25 0.000
! ] 19 0.009 -0.037 771.44 0.000
i i 20 0.015 -0.006 771.98 0.000
] i 21 0.002 0.006 771.99 0.000
] i 22 0.017 0.007 772.75 0.000
] (] 23 0.014 -0.001 773.27 0.000
I (] 24 -0.010 -0.005 773.54 0.000
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700
] Series: Residuals
600 B Sample 1 2456
Observations 2456
500 |
Mean 1.96e-05
400 Median -0.004410
Maximum 3.258346
300 | Minimum -5.571596
Std. Dev. 0.506951
200 Skewness -0.747853
Kurtosis 14.93325
100 |
Jarque-Bera  14801.44
0 = — _ Probability 0.000000
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bl z3gadl jlasi—

ARIMA(n,d,m)-GARCH(p,q) z3s ;o q3 P 0 JS3 S il jlasi—

ailz ol (HQ chssobls jlas BIC g2 s (AIC cbiST jlas) jolal o3 (31-3)Jsud) s

Sz eot ARMA(LT) 234 J) sloyu ARMA(LT)-GARCH(p.q) 735 o (P,Q) o

2aL) ol Y1 ol e slaxeYU el 235ad)

o Loysd (P,q) @ {1 sl :(31-3)Jgus!

i ARMA (1,1) | (22 2.1 (1.2) ) | s
2,1 1.482069* 1.305565 | 1.304765* | 1.306142 | 1.307374 AIC
ARMA (1,1) 1.491525 1.324485 | 1.321320* | 1.322696 | 1.321563 BIC
2,1 1.485505 1.312440 | 1.310781* | 1.312158 | 1.312530 HQ
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Judl sl 06 JUby WO it ga (P=,q=) i Of ey 2Rl jlaall Wibgs (31-3) st D5 s

ARMA(1,1)-GARCH(2,1) z35ul

o) ioysd ARMA(1,1)-GARCH(2,1)  zhsé pis Ol s 1(32-3) s

ARMA (1,1)- GARCH (2,1)

Coefficient Z-Statistic Prob

AR (1) 0.666371 8.422114 0.0000

Variance Equation

C 0.020372 7.305415 0.0000

RESID (-2) "2 -0.092651 8.303496 0.0000

GARCH (-1) 0.828903 38.65588 0.0000
Akaike 1.304765
Schwarz 1.321320
Hannan — Quinn 1.310781
Durbin —Watson 2.070026
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P!

ARCH| ARCH| ARCH| ARCH |LB(20)|LB(15) |LB(10)[LB(5)| =¥
(20 (15) (10) ©)

0.9184| 0.7768 | 0.5678 | 0.3036 | 0.925| 0.796 | 0.580 | 0.299 Pas
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! doysd erdsed! cu Wyled) ) B3 yules 1(34-3)J 903

z3sed) RMSE MAE MAPE Variance TIC
Proportion
ARMA (1,1) 0.514366 0.339154 | 0.724951* 0.997292 0.954909*
ARMA (1,1) - 0.513472* | 0.319123* | 0.725051 0.991189* 0.957794
GARCH (2,1)
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Lins doyp—

ARIMA (n.d. m) -GARCH (p.q) L1gay gl 7l #550d) 29t Sldothi—

ARIMA (n.d.m) z3sed &t Slivlh! jlas-i—

b Loygd G G blayt Disg G by A1s puls il (18-3) el

Date: 03/15/23 Time: 22:44
Sample: 12442
Included observations: 2442

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
[ {mm 1 0295 0.295 213.25 0.000
m (] 2 0.122 0.039 249.96 0.000
i ] 3 0.080 0.037 265.64 0.000
] (] 4 0.032 -0.006 268.07 0.000
i i 5 0.058 0.048 276.37 0.000
i i 6 -0.019 -0.057 277.29 0.000
i ] 7 -0.026 -0.014 278.93 0.000
] I 8 -0.030 -0.021 281.16 0.000
i (] 9 -0.000 0.022 281.17 0.000
I I 10 -0.010 -0.014 281.39 0.000
i i 11 -0.018 -0.007 282.16 0.000
i ] 12 0.016 0.026 282.76 0.000
! (] 13 0.012 0.005 283.13 0.000
i i 14 0.018 0.009 283.95 0.000
i i 15 -0.019 -0.032 284.81 0.000
] ] 16 -0.027 -0.017 286.65 0.000
I (] 17 -0.008 0.003 286.82 0.000
] ] 18 -0.036 -0.033 290.02 0.000
i (] 19 -0.006 0.016 290.11 0.000
i i 20 -0.011 -0.004 290.43 0.000
i i 21 0.009 0.019 290.63 0.000
i ] 22 0.020 0.011 291.57 0.000
i i 23 -0.018 -0.028 292.33 0.000
I ] 24 -0.045 -0.044 297.38 0.000
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ARMA (n.m) z3ged JEd! Lz jlasi—

oS Otlay BIC s jlas o L1 230l OF ST LYl il OF o (16-3) K dols s
= AIC LT jlas O o & g ¢ 23U 8 o 0 MA(L) 5 3 s ARMA (1,1) ,-HQ
LT Jlas) B bl L) Jals ) Bl s oS3 e b IS 0 WLy ARMA(LL) 2356 23 o
¢l da JARMA(LT) o2 Livs 2o)d 2l 344 Laily (HQ 5 0blay BIC 315 ¢ )las AIC

MA(1)

L Loy  ARMA (1,1) £350d JUldI jlas¥1 jlasl ol (35-3) o8y Jauldr!

Model AIC BIC HQ
ARMA (1,1) 1.790302* 1.799804* 1.793756*
ARMA (1,2) 1.790327 1.802204 1.794644
ARMA (0,3) 1.790636 1.802513 1.794953
ARMA (1,3) 1.790858 1.805110 1.796039
ARMA (1,0) 1.791402 1.798528 1.793992
ARMA (0,2) 1.79813 1.804314 1.798267
ARMA (0,1) 1.802131 1.809257 1.804721
ARMA (0,0) 1.881823 1.886574 1.883550
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b doygd Bloh b G @M Gl by Wis 1(20-3) JCad

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
() m 1 0208 0.208 106.10 0.000
(] {m 2 0.224 0189 229.11 0.000
() | 3 0.170 0.101 299.82 0.000
m fl 4 0.155 0.076 358.37 0.000
) = 5 0.246 0.178 506.99 0.000
o i 6 0.117 0.005 540.74 0.000
i i 7 0.195 0.098 634.16 0.000
o i 8 0.120 0.015 669.34 0.000
[ (] 9 0.204 0.114 771.70 0.000
m i 10 0.137 0.012 817.97 0.000
0 i 11 0.046 -0.070 823.17 0.000
f ] 12 0.071 -0.031 835.73 0.000
sl fl 13 0.117 0.067 869.18 0.000
o (] 14 0.127 0.030 909.11 0.000
m fl 15 0.142 0.069 958.75 0.000
i ] 16 0.068 -0.024 970.10 0.000
i i 17 0.050 -0.030 976.37 0.000
i ] 18 0.061 -0.013 985.48 0.000
] i 19 -0.000 -0.071 985.48 0.000
i ] 20 0.022 -0.025 986.70 0.000
] (] 21 0.026 0.014 988.40 0.000
0 (] 22 0.054 0.014 99556 0.000
i i 23 0.060 0.021 1004.4 0.000
i i 24 0.050 0.024 1010.6 0.000
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Sample 1 2442
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Mean -4.56e-05
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0L w w = e e Probability ~ 0.000000
6 -5 4 3 2 4 1 2 3 4 5 6

Eviews10 qobp Je sbxs b Al sl oo - piaal

bl z3gadl jlasi—

ARIMA(n,d,m)-GARCH(p,q) z3s ;o q3 P 0 JS3 S il jlasi—

ailz ol (HQ chssotls jlas BIC j)ss jtas AIC chisT jlas) soladl 03 (36-3)Jsd s

Sz eet ARMA(LT) 234 J) sloyu ARMA(LT)-GARCH(p.q) z35 oo (P,9) o0

AL eleedd BY1 A e slasYl ka1 2350l

b Loysd (P,q) @ i jle :(36-3)Jgu!

iy e ARIMA (1,1) 2,2) 2,1) 1,2) 1,1) sl
1,1) 1790302 1.427222 | 1.426716 | 1.426728 | 1.425916* | AIC
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ARIMA (1,1)- GARCH (1,1)

Coefficient Z-Statistic Prob

AR (1) 0.488959 7.817278 0.0000

Variance Equation

C 0.029803 12.42880 0.0000

RESID (-1) "2 0.255452 18.40462 0.0000

GARCH (-1) 0.675598 40.37217 0.0000
Akaike 1.425916
Schwarz 1.440172
Hannan — Quinn 1.431098
Durbin -Watson 2.020077
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ARMA (1,1) 0.619601* | 0.386652 | 0.884544 0.993937 0.988465
ARMA (1,1) - 0.619605 | 0.386609* | 0.868295* 0.990061* 0.985806*
GARCH (1,1)
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Date: 04/23/23 Time: 02:04
Sample: 1 2501
Included observations: 2501

@@ ¢ G-
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Autocorrelation Partial Correlation AC PAC Q-Stat Prob
0 il 1 0.050 0.050 6.1395 0.013
! (] 2 -0.000 -0.003 6.1400 0.046
i fl 3 0.067 0.067 17.248 0.001
! I 4 -0.003 -0.010 17.270 0.002
I I 5 -0.015 -0.014 17.836 0.003
i i 6 0.015 0.012 18.435 0.005
i i 7 0.012 0.012 18.826 0.009
o i 8 -0.082 -0.082 35.843 0.000
i fl 9 0.054 0.062 43.284 0.000
f i 10 0.069 0.062 55.296 0.000
] ] 11 -0.036 -0.032 58.468 0.000
i i 12 0.011 0.007 58.789 0.000
i i 13 0.010 -0.000 59.061 0.000
] ] 14 -0.026 -0.019 60.808 0.000
i i 15 0.009 0.012 60.998 0.000
I I 16 -0.009 -0.022 61.212 0.000
I (] 17 -0.008 0.005 61.391 0.000
i} ] 18 -0.061 -0.055 70.651 0.000
I I 19 -0.008 -0.014 70.827 0.000
I I 20 -0.022 -0.020 72.075 0.000
i} ] 21 -0.053 -0.040 79.033 0.000
i (] 22 -0.002 -0.003 79.041 0.000
] ] 23 -0.038 -0.032 82.644 0.000
i (] 24 0.008 0.017 82.791 0.000
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Model AIC BIC HQ
ARMA (3,0) 2.937040 2.944026* 2.939576*
ARMA (0,3) 2.936992* 2.946307 2.940374
ARMA (3,3) 2.937125 2.944111 2.939661
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Autocorrelation Partial Correlation AC PAC Q-Stat Prob
| | 1 0.372 0.372 346.38 0.000
| {mm 2 0.391 0.294 730.31 0.000
[ {mm 3 0437 0.285 12085 0.000
| (] 4 0.293 0.032 1423.8 0.000
[ (] 5 0.363 0.138 1754.8 0.000
[ (] 6 0.301 0.036 1981.6 0.000
| il 7 0.289 0.057 2190.6 0.000
[ I 8 0.251 -0.020 2348.8 0.000
(m (] 9 0.250 0.037 2505.3 0.000
i i 10 0.157 -0.098 2567.3 0.000
m il 11 0.216 0.057 2684.7 0.000
m (] 12 0.201 0.027 2786.3 0.000
| (] 13 0.163 0.022 2852.9 0.000
s o 14 0.095 -0.121 28755 0.000
m i 15 0.141 0.044 29257 0.000
| I 16 0.102 -0.024 2951.7 0.000
f I 17 0.068 -0.012 2963.5 0.000
| il 18 0.148 0.065 3018.8 0.000
fl ] 19 0.041 -0.038 3023.1 0.000
[} (] 20 0.105 0.035 3050.8 0.000
f (] 21 0.080 0.005 3066.7 0.000
@ fl 22 0.092 0.066 3088.3 0.000
@ (] 23 0.089 -0.007 3108.1 0.000
f | 24 0.083 0.009 3125.6 0.000
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ARIMA (3,0) - GARCH (1,1)

Coefficient Z-Statistic Prob

AR (3) 0.015509 0.704859 0.4809

Variance Equation

C 0.087229 9.681793 0.0000

RESID (-1) "2 0.186106 13.21922 0.0000

GARCH (-1) 0.722662 0.020259 0.0000
Akaike 2.555290
Schwarz 2.566946
Hannan — Quinn 2.559522
Durbin -Watson 1.898773
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ARMA (3,0) 1.052856 | 0.681544* | 0.708020 0.998626 0.950213
ARMA (3,0) - 1.052391* | 0.682176 | 0.705638* 0.997761* 0.924779*
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Date: 03/15/23 Time: 23:56
Sample: 12499
Included observations: 2499

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
s} i 1 0.114 0.114 32597 0.000
i I 2 0.001 -0.012 32.602 0.000
0l il 3 0.041 0.043 36.880 0.000
] (] 4 0.026 0.016 38561 0.000
! (] 5 0.018 0.014 39.361 0.000
i i 6 0.009 0.004 39.546 0.000
i i 7 0.008 0.006 39.721 0.000
i ] 8 -0.020 -0.024 40.740 0.000
i i 9 0.008 0.012 40.910 0.000
0 i 10 0.044 0.041 45826 0.000
i ] 11 -0.019 -0.028 46.776 0.000
i i 12 -0.011 -0.005 47.077 0.000
i) (] 13 0.026 0.025 48.789 0.000
0 (] 14 0.046 0.041 54.038 0.000
i (] 15 0.005 -0.004 54.099 0.000
i (] 16 0.009 0.008 54.303 0.000
I I 17 -0.012 -0.019 54.688 0.000
I I 18 -0.019 -0.015 55.566 0.000
I I 19 -0.008 -0.009 55.742 0.000
i (] 20 -0.003 -0.004 55.770 0.000
i} ] 21 -0.051 -0.047 62.247 0.000
i (] 22 -0.001 0.014 62.251 0.000
i I 23 -0.008 -0.012 62.394 0.000
i (] 24 0.020 0.025 63.432 0.000
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Model AIC BIC HQ
ARMA (0,1) 3.439962* 3.446953* 3.442500*
ARMA (1,0) 3.440224 3.447215 3.442762
ARMA (1,1) 3.4406473 3.449968 3.444031
ARMA (0,0) 3.452536 3.457196 3.454228
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Autocorrelation Partial Correlation AC PAC Q-Stat Prob
[ i 1 0.310 0.310 239.98 0.000
| (| 2 0.336 0.265 521.85 0.000
[ | 3 0.250 0.109 678.67 0.000
[ i 4 0259 0.114 846.15 0.000
[ m 5 0.297 0.160 1066.9 0.000
i (] 6 0.189 -0.004 1156.2 0.000
= (] 7 0.179 0.001 1236.8 0.000
m i 8 0.151 0.008 1293.9 0.000
i ] 9 0.120 -0.023 1329.7 0.000
i i 10 0.130 0.012 13725 0.000
(s} i 11 0.111 0.019 1403.5 0.000
() 5] 12 0.163 0.084 1470.1 0.000
| f 13 0.151 0.059 1527.6 0.000
0 i 14 0.062 -0.069 1537.3 0.000
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Null Hypothesis: KUWAIT has a unit root
Exogenous: Constant, Linear Trend

Lag Length: 0 (Automatic - based on SIC, maxlag=26)

Null Hypothesis: QATAR has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 2 (Automatic - based on SIC, maxlag=26)

t-Statistic Prob.* t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -39.26577 0.0000 Augmented Dickey-Fuller test statistic -25.67693 0.0000
Test critical values: 1% level -3.961813 Testcritical values: 1% level -3.961740
5% level -3.411653 5% level -3.411618
10% level -3.127701 10% level -3.127680
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation Augmented Dickey-Fuller Test Equation
Dependent Variable: D(KUWAIT) Dependent Variable: D(QATAR)
Method: Least Squares Method: Least Squares
Date: 04/24/23 Time: 01:12 Date: 04/24/23 Time: 01:10
Sample (adjusted): 2 2436 Sample (adjusted_): 42486 _
Included observations: 2435 after adjustments Included observations: 2483 after adjustments
Variable Coefficient Std. Error t-Statistic Prob. Variable Coefficient Std. Error t-Statistic Prob.
KUWAIT(-1) 0775672 0019754 -39.26577  0.0000 D%’gﬁ:gill)» 'g-ggggié 8-83232; '354-%223 8-8‘1)22
Cc 0.048972 0.052162 0.938839 0.3479 : e : e :
@TREND("1") 1.58E-05 3.71E-05 0425384 0.6706 D(QATAR(-2)) -0.083758 0.020014 -4.184973 0.0000
. . - - C 0.025086 0.040320 0.622184 0.5339
R-squared 0.387992 Mean dependent var -0.000523 @TREND("1") -1.47E-05 281E-05 -0.522303 0.6015
Adjusted R-squared 0.387489 S.D.dependentvar 1.643406
S.E. of regression 1.286180 Akaike info criterion 3.342462 R §quared 0.454602  Mean dependent var 0.000581
) - Adjusted R-squared 0.453722 S.D.dependentvar 1.356653
Sum squared resid 4023.160 Schwarz criterion 3.349605 A I L
S R . S.E. of regression 1.002711 Akaike info criterion 2.845304
Log likelihood -4066.448 Hannan-Quinn criter. 3.345059 ) L
F-statisti 7709021  Durbin-Wats tat 1.995790 Sum squared resid 2491.456 Schwarz criterion 2.857018
P'SSI':S '? st 0 00'0000 urbin-yvatson s ' Log likelihood -3527.445 Hannan-Quinn criter. 2.849558
rob(F-statistic) : F-statistic 516.3678 Durbin-Watson stat 2.000760
Prob(F-statistic) 0.000000




Null Hypothesis: BAHRAIN has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 2 (Automatic - based on SIC, maxiag=26)

Null Hypothesis: SAUDI has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=26)

t-Statistic Prob.* t-Statistic Prob.*
ﬁ“‘“;“e_’t‘_‘e‘f DifkeY'F“"er“ii/t Slta“T“C 'iﬁﬁég 0.0000 _ | aygmented Dickey-Fuller test statistic -44.01641 00000
estenticalvalues: o eve e Test critical values: 1% level -3.961725
5% level -3.411640 o
10% level 3127693 5% level -3.411610
_ 10% level -3.127675
*MacKinnon (1996) one-sided p-values. . .
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(BAHRAIN) Augmented Dickey-Fuller Test Equation
Method: Least Squares Dependent Variable: D(SAUDI)
Date: 04/24/23 Time: 01:16 Method: Least Squares
Sample (adjusted): 4 2456 Date: 04/24/23 Time:01:14
lIncluded observations: 2453 after adjustments Sample (adjusted): 2 2494
Included observations: 2493 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
Variable Coefficient Std. Error t-Statistic Prob.
BAHRAIN(-1) -0.741679 0.031135  -23.82114 0.0000
B(Emim('?) '8-(1)2238; 8-8%233 'g-ggzggg 8-8822 SAUDI(-1) -0.875038  0.019880  -44.01641  0.0000
( p 2)) S Qgeolll 2o oo c 0009710  0.043865 0221366  0.8248
@TREND("1") 2 27E-06 1 45E-05 0156637 0.8755 @TREND("1") 3.49E-06 3.05E-05 0.114396 0.9089
R-squared 0.450321 Mean dependent var 0.000690 R-§quared 0.437599  Mean dependent var -0.000427
Adjusted R-squared 0.449423 S.D.dependentvar 0.684007 | Adiusted R—sqqared 0.437147 S'Dj de_pende_ntyar 1.459187
S.E. of regression 0.507539  Akaike info criterion 1.483550 | S-E.ofregression 1.094733  Akaike info criterion 3.020101
Sum squared resid 630.5949 Schwarz criterion 1.495383 | Sum squared resid 2984.117  Schwarz criterion 3.027106
Log likelihood -1814.575 Hannan-Quinn criter. 1.487850 | Log likelihood -3761.556 Hannan-Quinn criter. 3.022644
F-statistic 501.3779 Durbin-Watson stat 1.998711 | F-statistic 968.7225 Durbin-Watson stat 1.991951
Prob(F-statistic) 0.000000 Prob(F-statistic) 0.000000
Null Hypothesis: ABUDHABI has a unit root Null Hypothesis: OMAN has a unit root
Exogenous: Constant, Linear Trend Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=26) Lag Length: 0 (Automatic - based on SIC, maxlag=26)
t-Statistic Prob.* t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -47.55478 0.0000 Auagmented Dickey-Fuller test statistic -36.42258 0.0000
Test critical values: 1% level -3.961715 Test critical values: 1% level -3.961804
5% level -3.411605 5% level -3.411649
10% level -3.127672 10% level -3.127698
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation Augmented Dickey-Fuller Test Equation
Dependent Variable: D(ABUDHABI) Dependent Variable: D(OMAN)
Method: Least Squares Method: Least Squares
Date: 04/24/23 Time:01:21 Date: 04/24/23 Time:01:18
Sample (adjusted): 2 2501 Sample (adjusted): 2 2442
Included observations: 2500 after adjustments Included observations: 2441 after adjustments
Variable Coefficient Std. Error t-Statistic Prob. Variable Coefficient Std. Error t-Statistic Prob.
ABUDHABI(-1) -0.950507 0.019988  -47.55478 0.0000 OMAN(-1) -0.704781 0.019350  -36.42258 0.0000
C 0.042059 0.042079 0.999526 0.3176 C -0.015728 0.023987  -0.655663 0.5121
@TREND("1") 7.13E-06 2.91E-05 0.244547 0.8068 @TREND("1") 8.70E-06 1.70E-05 0.511585 0.6090
R-squared 0.475250 Mean dependent var -0.000217 R-squared 0.352389 Mean dependent var -0.000236
Adjusted R-squared 0.474830 S.D.dependentvar 1.450877 Adjusted R-squared 0.351857 S.D.dependentvar 0.735695
S.E. of regression 1.051431 Akaike info criterion 2.939380 S.E. of regression 0.592288 Akaike info criterion 1.791582
Sum squared resid 2760.450 Schwarz criterion 2.946369 Sum squared resid 855.2642 Schwarz criterion 1.798711
Log likelihood -3671.225 Hannan-Quinn criter. 2.941917 Log likelihood -2183.626 Hannan-Quinn criter. 1.794174
F-statistic 1130.728 Durbin-Watson stat 1.999570 F-statistic 663.3021 Durbin-Watson stat 2.022419
Prob(F-statistic) 0.000000 Prob(F-statistic) 0.000000




Null Hypothesis: DUBAI has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=26)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -44.57078 0.0000
Test critical values: 1% level -3.961718
5% level -3.411607
10% level -3.127673
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DUBAI)
Method: Least Squares
Date: 04/24/23 Time:01:23
Sample (adjusted): 2 2499
Included observations: 2498 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DUBAI(-1) -0.886497 0.019890  -44.57078 0.0000
C 0.080272 0.054085 1.484197 0.1379
@TREND("1") -4.49E-05 3.75E-05 -1.197912 0.2311
R-squared 0.443274 Mean dependent var -0.000538
Adjusted R-squared 0.442827 S.D.dependentvar 1.809125
S.E. of regression 1.350404 Akaike info criterion 3.439884
Sum squared resid 4549.857 Schwarz criterion 3.446878
Log likelihood -4293.416 Hannan-Quinn criter. 3.442424
F-statistic 993.2774 Durbin-Watson stat 1.997277

Prob(F-statistic) 0.000000
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Null Hypothesis: KUWAIT has a unit root
Exogenous: Constant, Linear Trend

Bandwidth: 5 (Newey-West automatic) using Bartlett kernel

Null Hypothesis: QATAR has a unitroot
Exogenous: Constant, Linear Trend

Bandwidth: 11 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.* Adj. t-Stat Prob.*
Phillips-Perron test statistic -39.39944 0.0000 Phillips-Perron test statistic -45.24429 0.0000
Testcritical values: 1% level -3.961813 Testcritical values: 1% level -3.961737
5% level -3.411653 5% level -3.411616
10% level -3.127701 10% level -3.127679
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 1.652222 Residual variance (no correction) 1.009944
HAC corrected variance (Bartlett kernel) 1.701507 HAC corrected variance (Bartlett kernel) 1.059244
Phillips-Perron Test Equation Phillips-Perron Test Equation
Dependent Variable: D(KUWAIT) Dependent Variable: D(QATAR)
Method: Least Squares Method: Least Squares
Date: 04/24/23 Time: 01:13 Date: 04/24/23 Time:01:11
Sample (adjusted): 2 2436 Sample (adjusted): 2 2486
Included observations: 2435 after adjustments Included observations: 2485 after adjustments
Variable Coefficient Std. Error t-Statistic Prob. Variable Coefficient Std. Error t-Statistic Prob.
KUWAIT(-1) -0.775672 0.019754 -39.26577 0.0000 QATAR(-1) -0.901191 0.019971 -45.12487 0.0000
C 0.048972 0.052162 0.938839 0.3479 C 0.028829 0.040362 0.714280 0.4751
@TREND("1") -1.58E-05 3.71E-05 -0.425384 0.6706 @TREND("1") -1.68E-05 2.81E-05 -0.598993 0.5492
R-squared 0.387992 Mean dependent var -0.000523 R-squared 0.450673 Mean dependent var -0.000996
Adjusted R-squared 0.387489 S.D.dependentvar 1.643406 Adjusted R-squared 0.450230 S.D.dependentvar 1.356190
S.E. of regression 1.286180 Akaike info criterion 3.342462 S.E. of regression 1.005567 Akaike info criterion 2.850186
Sum squared resid 4023.160 Schwarzcriterion 3.349605 Sum squared resid 2509.710 Schwarzcriterion 2.857210
Log likelihood -4066.448 Hannan-Quinn criter. 3.345059 Log likelihood -3538.356 Hannan-Quinn criter. 2.852737
F-statistic 770.9021 Durbin-Watson stat 1.995790 F-statistic 1018.127 Durbin-Watson stat 1.998345
Prob(F-statistic) 0.000000 Prob(F-statistic) 0.000000




Null Hypothesis: BAHRAIN has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 14 (Newey-West automatic) using Bartlett kernel

Null Hypothesis: SAUDI has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 5 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.* Adj. t-Stat Prob.*
Phillips-Perron test statistic -45.87059 0.0000 Phillips-Perron test statistic -44.09851 0.0000
Test critical values: 1% level -3.9061782 Test critical values: 1% level -3.961725
5% level -3.411638 5% level -3.411610
10% level 3127692 10% level -3.127675
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
. . . Residual variance (no correction) 1.196998
Eizlc(j:z?rlevciggl:/;?i;?:::gc()gzrct:g);liernel) ggg;gig HAC corrected variance (Bartlett kernel) 1.231223
. . Phillips-Perron Test Equation
Phillips-Perron Test Equation Dependent Variable: D(SAUDI)
Dependent Variable: D(BAHRAIN) Method: Least Squares
Method: Least Squares Date: 04/24/23 Time:01:15
Date: 04/24/23 Time:01:17 Sample (adjusted): 2 2494
Sample (adjusted): 2 2456 Included observations: 2493 after adjustments
Included observations: 2455 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
Variable Coefficient Std. Error t-Statistic Prob.
SAUDI(-1) -0.875038 0.019880 -44.01641 0.0000
BAHRAIN(-1) -0.884433 0.020069 -44.06933 0.0000 C 0.009710 0.043865 0.221366 0.8248
C 0.016824 0.020646 0.814910 0.4152 @TREND("1") 3.49E-06 3.05E-05 0.114396 0.9089
@TREND("1") 3.32E-06 1.46E-05 0.228199 0.8195
R-squared 0.437599 Mean dependent var -0.000427
R-squared 0.441980 Mean dependent var 0.000396 Adjusted R-squared 0.437147 S.D.dependentvar 1.459187
Adjusted R-squared 0.441525 S.D.dependent var 0.684083 S.E. of regression 1.094733 Akaike info criterion 3.020101
S.E. of regression 0.511224 Akaike info criterion 1.497202 | Sum squared resid 2984.117  Schwarz criterion 3.027106
Sum squared resid 640.8290 Schwarz criterion 1504296 | Log likelihood -3761.556  Hannan-Quinn criter. 3.022644
Log likelihood -1834.815 Hannan-Quinn criter. 1.499780 | F-statstc 968.7225  Durbin-Watson stat 1.991951
F-statistic 971.0540 Durbin-Watson stat 2.022487 | Prob(F-statistic) 0.000000

Prob(F-statistic) 0.000000




Null Hypothesis: ABUDHABI has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 13 (Newey-West automatic) using Bartlett kernel

Null Hypothesis: OMAN has a unitroot
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.* Adj. t-Stat Prob.*
Phillips-Perron test statistic -47.70803 0.0000 Phillips-Perron test statistic -36.58624 0.0000
Test critical values: 1% level -3.961715 Test critical values: 1% level -3.961804
5% level -3.411605 5% level -3.411649
10% level -3.127672 10% level -3.127698
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 1.104180 Residual variance (no correction) 0.350375
HAC corrected variance (Bartlett kernel) 1.206969 HAC corrected variance (Bartlett kernel) 0.360906
Phillips-Perron Test Equation Phillips-Perron Test Equation
Dependent Variable: D(ABUDHABI) Dependent Variable: D(OMAN)
Method: Least Squares Method: Least Squares
Date: 04/24/23 Time:01:21 Date: 04/24/23 Time:01:19
Sample (adjusted): 2 2501 Sample (adjusted): 2 2442
Included observations: 2500 after adjustments Included observations: 2441 after adjustments
Variable Coefficient Std. Error t-Statistic Prob. Variable Coefficient Std. Error t-Statistic Prob.
ABUDHABI(-1) -0.950507 0.019988 -47.55478 0.0000 OMAN(-1) -0.704781 0.019350 -36.42258 0.0000
(o] 0.042059 0.042079 0.999526 0.3176 (¢} -0.015728 0.023987 -0.655663 0.5121
@TREND("1") 7.13E-06 2.91E-05 0.244547 0.8068 @TREND("1") 8.70E-06 1.70E-05 0.511585 0.6090
R-squared 0.475250 Mean dependent var -0.000217 R-squared 0.352389 Mean dependent var -0.000236
Adjusted R-squared 0.474830 S.D.dependentvar 1.450877 Adjusted R-squared 0.351857 S.D.dependentvar 0.735695
S.E. of regression 1.051431 Akaike info criterion 2.939380 S.E. of regression 0.592288 Akaike info criterion 1.791582
Sum sguared resid 2760.450 Schwarzcriterion 2.946369 Sum squared resid 855.2642 Schwarzcriterion 1.798711
Log likelihood -3671.225 Hannan-Quinn criter. 2.941917 Log likelihood -2183.626 Hannan-Quinn criter. 1.794174
F-statistic 1130.728 Durbin-Watson stat 1.999570 F-statistic 663.3021 Durbin-Watson stat 2.022419
Prob(F-statistic) 0.000000 Prob(F-statistic) 0.000000
Null Hypothesis: DUBAI has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 6 (Newey-West automatic) using Bartlett kernel
Adj. t-Stat Prob.*
Phillips-Perron test statistic -44.70111 0.0000
Test critical values: 1% level -3.961718
5% level -3.411607
10% level -3.127673
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 1.821400
HAC corrected variance (Bartlett kernel) 1.908139
Phillips-Perron Test Equation
Dependent Variable: D(DUBAI)
Method: Least Squares
Date: 04/24/23 Time:01:23
Sample (adjusted): 2 2499
Included observations: 2498 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DUBAI(-1) -0.886497 0.019890 -44.57078 0.0000
C 0.080272 0.054085 1.484197 0.1379
@TREND("1") -4.49E-05 3.75E-05 -1.197912 0.2311
R-squared 0.443274 Mean dependent var -0.000538
Adjusted R-squared 0.442827 S.D.dependentvar 1.809125
S.E. of regression 1.350404 Akaike info criterion 3.439884
Sum squared resid 4549.857 Schwarzcriterion 3.446878
Log likelihood -4293.416 Hannan-Quinn criter. 3.442424
F-statistic 993.2774 Durbin-Watson stat 1.997277
Prob(F-statistic) 0.000000
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BDS Test for KUWAIT

Date: 04/24/23 Time: 01:13
Sample: 12436

Included observations: 2436

BDS Test for QATAR

Date: 04/24/23 Time: 01:02
Sample: 12486

Included observations: 2486

Dimension BDS Statistic ~ Std. Error  z-Statistic
2 0.018394  0.001748 10.52235
3 0.037372  0.002778  13.45484
4 0.049626  0.003307  15.00612
5 0.054576  0.003446  15.83606
6 0.054885  0.003323  16.51649

Raw epsilon 1.701172

Pairs within epsilon 4179664,  V-Statistic

Triples within epsilon 7.79E+09  V-Statistic

Prob.

0.0000
0.0000
0.0000
0.0000
0.0000

0.704347
0.539236

Dimension  C(m.n) ¢mn)  C(ln-(m-1)) c(ln-(m-1)) c(ln-(m-1))\%k
2 1523702. 0514174  2086576. 0.704117 0.495780
3 1143882. 0.386321  2084587. 0.704024 0.348949
4 873238.0 0.295160 2082589. 0.703927 0.245534
5 672318.0 0.227434  2080926.  0.703944 0.172858
6 521325.0 0.176501  2079026. 0.703880 0.121616

Dimension BDS Statistic  Std. Error  z-Statistic
2 0.020795  0.001877  11.08047
3 0.041362  0.002976  13.89778
4 0.055002  0.003537  15.55031
5 0.060419  0.003680  16.42038
6 0.061898  0.003542  17.47647

Raw epsilon 1.215864

Pairs within epsilon 4341238,  V-Statistic

Triples within epsilon 8.30E+09  V-Statistic

Dimension  C(m.n) ¢(m.n)

Prob.

0.0000
0.0000
0.0000
0.0000
0.0000

0.702443
0.540203

C(1n-(m-1) c(l.n-(m-1)) c(l.n-(m-1))k

2 1587098.  0.514228
3 1195959.  0.387809
4 9187710  0.298166
5 7125020  0.231413
6 5598040  0.181965

2168015.
2165928.
2163833.
2162692.
2160821.

0.702448 0493433
0.702337  0.346447
0.702223  0.243165
0.702419  0.170994
0.702377  0.120067




BDS Test for BAHRAIN BDS Test for SAUDI

Date: 04/24/23 Time: 01:17 Date: 04/24/23 Time; 01:15

Sample: 1 2456 Sample: 12494

Included observations: 2456 Included observations: 2494

Dimension BDS Statistic ~ Std. Error ~ zStatistic ~ Prob. Dimension BDS Statisc  Std.Eror  zStatistc  Prob.
2 000788 0001951 1065300 00000 2 0026111 0001985 1315611  0.0000
3 0038910 0003100 1255278  0.0000 3 00uLlz 000351 1717475 0.0000

4 0073193 0003749 1952494 0,000

4 0048180 0003690 1305640 00000
000 000645 1391831 00000 5 0086999 0003904 2228274  0.0000
6 005657 0003708 150097 00000 6 0003825 0003763 24.93469  0.0000

Raw epsilon 1.272862
Pairs within epsilon 4371432, V-Statistic ~ 0.702799
Triples within epsilon 8.43E+09  V-Statistc 0543473

Raw epsilon 0.614795
Pairs within epsilon 4242912, V-Statistic  0.703408
Triples within epsilon 8.05E+09 \-Statistic 0543126

Dimension  C(m,n) ¢mn  CLn-(m-1)) c(Ln-(m-1) c(Ln-(m-1))k

Dimension ~ C(m.n) ¢mn) CLn-m-1) cfln-(m-1) cfLn-(m-1))% 9 1614344, 0519704 2182352, 0702562 0493593
2 1554016. 0515893 2119555,  0.703637  0.495105 3 1244767, 0401048  2180928. 0702667  0.346935
3 1165163, 0387119 2117494, 0703526  0.348209 4 9835860 0317153 2179580. 0702797  0.243960
4 8834970 0293777 2117111 0703972  0.245597 5 8004460 0258308 2177460. 0702677  0.171309
5 6799310 0226272 2115034, 0703856  0.172750 6 6628430 0214075 2175340, 0702557  0.120252
6 5321030 077221 2113232, 0703830  0.121564




BDS Test for ABUDHABI
Date: 042423 Time: 01:22
Sample: 12501

Included observations: 2501

BDS Test for OMAN

Date: 0424123 Time: 01:19
Sample: 12442

Included observations: 2442

Dimension BDS Statistic ~ Std. Error  z-Stafistic
2 0025705 0001945  13.21483
3 0.048044 0003087 1556251
4 0.060581  0.003672 16.49752
5 0.065909 0003823 17.23789
6 0.066657  0.003684  18.09477

Raw epsilon 1.194131

Pairs within epsilon 4395751, V-Statistic

Triples within epsilon 8.49E+09  \-Statistic

Prob.

0.0000
0.0000
0.0000
0.0000
0.0000

0.702758
0.542497

Dimension BDS Statistic  Std. Eror  zStatistic
2 0028822 0001999  14.41597
3 0049642 0003172  15.65117
4 0062507  0.003771 1657492
5 0070026  0.003925 17.84083
6 0071794 0003780  18.99273

Raw epsilon 0677609

Pairs within epsilon 4188218, V-Statistic

Triples within epsilon 790E+09  V-Statistic

Prab.
0.0000
0.0000
0.0000
0.0000
0.0000

0.702325
0542650

Dimension  C(m,n) cmn)  CLn{m-1) c(Lnm-1) c(Ln-(m-1)% Dimension ~ C(m.n) omn)  ClLn(m-1) clln(m-1)) cLn-(m-1))%
2 1622064 0519268 2134562 0702541 0493564 2 1553060, 0521810 2090959, 0702131 0492987
4 SATEESD 030367 21903, 0702811 0.243286 4 o080 0305528 2087500 0702119 0243021
5 7376330 0236705 2188410. 0702256 017079 5 7144650 0240504 2085417, 0701994  0.170478
6 5806390 0186475 2186280. 0702135  0.119819 6 5680020 0191358 2083386, (0701887 0119564

BDS Test for DUBAI

Date: 04/25/23 Time: 01:22

Sample: 12499

Included observations: 2499

Dimension BDS Statistic ~ Std. Error ~ z-Statistic Prob.
2 0.025046 0.001949 1285011 0.0000
3 0.052271 0.003093  16.90159 0.0000
4 0.069064 0.003678  18.77853 0.0000
5 0.078102 0.003829  20.39996 0.0000
6 0.080772 0.003688  21.90268 0.0000

Raw epsilon 1.564083

Pairs within epsilon 4387595,  V-Statistic  0.702577

Triples within epsilon 8.46E+09  V-Stafistc  0.542322

Dimension  C(m.n) ¢(m.n)

C(L.n-(m-1)) c(ln-(m-1)) c(l.n-(m-1)k

2 1616652.  0.518365
1242090.  0.398584
9719230  0.312138
7735650  0.248634
6229250  0.200377

o O B W

2190509.
2188380.
2186351.
2184229.
2182128.

0.702367
0.702247
0.702158
0.702039
0.701926

0.493319
0.346313
0.243074
0.170532
0.119605
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Null Hypothesis: KUWAIT is a martingale

Date: 04/22/23 Time: 17:20

Sample: 12436

Included observations: 2435 (after adjustments)
Heteroskedasticity robust standard error estimates
User-specified lags: 2 4 8 16

Null Hypothesis: QATAR is a martingale

Date: 03/16/23 Time: 00:34

Sample: 12486

Included observations: 2485 (after adjustments)
Heteroskedasticity robust standard error estimates
User-specified lags: 2 4 8 16

Joint Tests

Value df Probability Joint Tests Value df Probability |
Max |2] (at period 2)* 11.82702 2435 0.0000 Max |2 (at period 2)* 9.532744 2485 0.0000
Individual Tests Individual Tests
Period Var. Ratio Std. Error z-Statistic  Probability Period Var. Ratio Std. Error z-Statistic _ Probability |
2 0617818 0032314  -11.82702 0.0000 2 0554538 0046730  -0.532744 0.0000
4 0.317345 0.060689  -11.24840 0.0000 4 0271328 0.083418  -8.735220 0.0000
8 0.164803 0092281  -9.050539 0.0000 8 0.145849 0119749  -7.132849 0.0000
16 0.083070 0127663  -7.182435 0.0000 16 0067814  0.157000  -5.937491 0.0000

*Probability approximation using studentized maximum modulus with
parameter value 4 and infinite degrees of freedom

Test Details (Mean =-0.000523206391786)

*Probability approximation using studentized maximum modulus with
parameter value 4 and infinite degrees of freedom

Test Details (Mean = -0.000996356498994)

Period Variance Var. Ratio Obs.
1 2.70078 - 2435
2 1.66859 061782 2434
4 0.85708 0.31735 2432
8 0.44510 0.16480 2428
16 0.22435 0.08307 2420

Period Variance Var. Ratio Obs.
1 1.83925 - 2485
2 1.01993 0.55454 2484
4 0.49904 0.27133 2482
8 0.26825 0.14585 2478
16 0.12473 0.06781 2470




Null Hypothesis: BAHRAIN is a martingale

Date: 03/18/23 Time: 23:21

Sample: 1 2456

Included observations: 2441 (after adjustments)
Heteroskedasticity robust standard error estimates
User-specified lags: 2 4 8 16

Null Hypothesis: SAUDI is a martingale

Date: 03/18/23 Time: 23:16

Sample: 12494

Included observations: 2493 (after adjustments)
Heteroskedasticity robust standard error estimates
User-specified lags: 24 8 16

Joint Tests Value df Probability, Joint Tests Value df Probability |
Max |7 (at period 2)* 7.137786 2441 0.0000 Max 7| (at period 2)* 7.874560 2493 0.0000
Individual Tests Individual Tests
Period Var. Ratio Std. Error z-Statistic Probability, Period Var. Ratio Std. Error Z-Statistic Probability |
2 0.623045 0.052811 -7.137786 0.0000 2 0.580547 0.053267 -7.874560 0.0000
4 0.344356 0.092808 -7.064542 0.0000 4 0.284939 0.092343 -71.743492 0.0000
8 0.183621 0.135950 -6.005019 0.0000 8 0.145442 0.130034 -6.571814 0.0000
16 0.091837 0.186135 -4.879056 0.0000 16 0.072126 0.169254 -5.482144 0.0000

*Probability approximation using studentized maximum modulus with
parameter value 4 and infinite degrees of freedom

Test Details (Mean =-0.00023600175256)

*Probability approximation using studentized maximum modulus with
parameter value 4 and infinite degrees of freedom

Test Details (Mean =-0.000426909744886)

Period Variance Var. Ratio Qbs.

Period Variance Var. Ratio QObs.
1 0.54125 - 2441 1 2.12923 - 2493
2 0.33722 0.62305 2440 2 1.23611 0.58055 2492
4 0.18638 0.34436 2438 4 0.60670 0.28494 2490
8 0.09938 0.18362 2434 8 0.30968 0.14544 2486
16 0.04971 0.09184 2426 16 0.15357 0.07213 2478
Null Hypothesis: ABUDHABI is a martingale Null Hypothesis: OMAN is a martingale
Date: 03/18/23 Time:23:31 Date: 03/18/23 Time: 23:26
Sample: 12501 Sample: 12442
Included observations: 2500 (after adjustments) Included observations: 2441 (after adjustments)
Heteroskedasticity robust standard error estimates Heteroskedasticity robust standard error estimates
User-specified lags: 2 4 8 16 User-specified lags: 2 4 8 16
Joint Tests Value df Probability Joint Tests Value df Probability
Max |2 (at period 2)* 9.802850 2500 0.0000 Max |7 (at period 2)* 7.137786 2441 0.0000
Individual Tests Individual Tests
Period Var, Ratio Std. Error z-Statistic Probability Period Var. Ratio Std. Error  z-Statistic  Probability
2 0.526638 0.048288  -9.802850 0.0000 2 0.623045 0.052811  -7.137786 0.0000
4 0.264379 0.091758  -8.016929 0.0000 4 0.344356 0.092808  -7.064542 0.0000
8 0.143073 0.139999  -6.120940 0.0000 8 0.183621 0135950  -6.005019 0.0000
16 0.067028 0.200465  -4.654030 0.0000 16 0.091837 0.186135  -4.879056 0.0000

*Probability approximation using studentized maximum modulus with
parameter value 4 and infinite degrees of freedom

Test Details (Mean =-0.0002174354904)

*Probability approximation using studentized maximum modulus with
parameter value 4 and infinite degrees of freedom

Test Details (Mean =-0.00023600175256)

Period Variance Var. Ratio

Obs. Period Variance Var. Ratio Obs.
1 2.10504 - 2500 1 054125 - 2441
2 1.10860 0.52664 2499 2 0.33722 0.62305 2440
4 0.55653 0.26438 2497 4 0.18638 0.34436 2438
8 0.30118 0.14307 2493 8 0.09938 0.18362 2434
16 0.14110 0.06703 2485 16 0.04971 0.09184 2426




Date: 03/18/23 Time: 23:36
Sample: 12499

User-specified lags: 24 8 16

Null Hypothesis: DUBA! is a martingale

Included observations: 2498 (after adjustments)
Heteroskedasticity robust standard error estimates

Joint Tests Value df Probability
Max |7 (at period 2)* 10.15567 2498 0.0000
Individual Tests
Period Var. Ratio Std. Error z-Statistic Probability]
2 0.564078 0.042924  -10.15567 0.0000
4 0.275406 0.078074  -9.280893 0.0000
8 0.144626 0116890  -7.317765 0.0000
16 0.070628 0162347  -5.724594 0.0000

Test Details (Mean = -0.000538275509608)

*Probability approximation using studentized maximum modulus with
parameter value 4 and infinite degrees of freedom

Period Variance Var. Ratio Obs.
1 327294 2498
2 1.84619 0.56408 2497
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Heteroskedasticity Test; ARCH Heteroskedasticity Test: ARCH
F-statistic 85.76173 Proh. F(1,2433) 0.0001 F-statistic 69.19210 Prob. F(1,2483) 0.0000)
Obs*R-squared 82.90971 Prob. Chi-Square(1) 0.0009 Obs*R-squared 67.37047 Prob. Chi-Square(1) 0.0000
Test Equation: Test Equation:
Dependent Variable: RESID"2 Dependent Variable: RESID"2
Method: Least Squares Method: Least Squares
Date: 04/24/23 Time: 01:31 Date: 04/24/23 Time: 01:30
Sample (adjusted): 2 2436 Sample (adjusted): 2 2486
Included observations: 2435 after adjustments Included observations: 2485 after adjustments
Variable Coefficient ~ Std.Eror  t-Statistic ~ Prob. Variable Coefficient ~ Std.Error  t-Statistic ~ Prob.
C 1347239 0.090184  14.93873 0.000I C 0.846282  0.073886  11.45390  0.0000)
RESID"2(-1) 0.184527  0.019926  9.260763  0.000 RESID2(-1) 0.164652 0019794 8318179  0.0000)
R-squared 0.034049 Mean dependent var 1.65234% R-squared 0.027111 Mean dependent var 1.013167
Adjusted R-squared 0.033652 S.D.dependentvar 421413} Adjusted R-squared 0.026719 S.D. dependentvar 3593139
S.E. of regression 4142619  Akaike info criterion 5.681354 S.E.of regression 3544811 Akaike info criterion 5.369651
Sum squared resid 4175342  Schwarz criterion 5.68611¢ Sum squared resid 31200.60 Schwarzcriterion 5374334
Log likelihood -6915.049  Hannan-Quinn criter, 5.68308} Log likelihood -6669.792  Hannan-Quinn criter. 5.371352
F-statistic 85.76173  Durbin-Watson stat 2.06027] F-statistic 69.19210 Durbin-Watson stat 2.038493
Prob(F-statistic) 0.000000 Prob(F-statistic) 0.000000
Heteroskedasticity Test: ARCH Heteroskedasticity Test; ARCH
F-statistic 2433864  Prob. F(1,2453) 0.000p F-statistic 3875323 Prob. F(1,2491) 0.000p
Obs*R-squared 2215979 Prob. Chi-Square(1) 0.000p Obs*R-squared 335.6287 Prob. Chi-Square(1) 0.000p
Test Equation: Test Equation:
Dependent Variable: RESID2 Dependent Variable: RESID2
Method: Least Squares Method: Least Squares
Date: 04/24/23 Time: 01:33 Date: 04/24/23 Time:01:32
Sample (adjusted): 2 2456 Sample (adjusted): 2 2494
Included observations: 2455 after adjustments Included observations: 2493 after adjustments
Variable Coefficient  Std.Error  t-Statistic Prob Variable Coefficient  Std.Error  t-Statistic ~ Prob
C 0179839  0.019121  9.405408  0.000p C 0.763418  0.083037  9.193702  0.000p
RESID"2(-1) 0300441  0.019258  15.60085  0.000p RESID"2(-1) 0366923  0.018639  19.68584  0.000p
R-squared 0.090264 Mean dependent var 0.25698B R-squared 0.134628 Mean dependent var 1.20610f
Adjusted R-squared 0.089893 S.D.dependent var 0.95929B Adjusted R-squared 0.134281 S.D. dependent var 4.28947B
S.E. of regression 0.915161 Akaike info criterion 2.66138P S.E.of regression 3.991103 Akaike info criterion 5.60681H
Sum squared resid 2054.437  Schwarz criterion 2.66611JL Sum squared resid 39678.89  Schwarz criterion 5.61148p
Log likelihood -3264.846 Hannan-Quinn criter. 2.66310p Log likelihood -6986.894 Hannan-Quinn criter. 5.60851p
F-statistic 243.3864 Durbin-Watson stat 1.99473p F-statistic 3875323 Durhin-Watson stat 2.145871
Prob(F-statistic) 0.000000 Prob(F-statistic) 0.000000




Heteroskedasticity Test: ARCH Heteroskedasticity Test: ARCH
F-statistic 401.0414  Prob. F(1,2498) 0.000I F-statistic 110.6379  Prob. F(1,2439) 0.0000
Obs*R-squared 345.8397  Prob. Chi-Square(1) 0.0009 Obs*R-squared 105.9237  Prob. Chi-Square(1) 0.0000
Test Equation: Test Equation:
Dependent Variable: RESID2 Dependent Variahle; RESID"2
Method: Least Squares Method: Least Squares
Date: 04/24/23 Time: 01:35 Date: 042423 Time: 01:34
Sample (adjusted): 2 2501 Sample (adjusted): 2 2442
Included observations: 2500 after adjustments Included observations: 2441 after adjustments
Variable Coefficient Std. Error t-Statistic Prob. Variable Coefficient Std. Error t-Statistic Prob.
C 0692138 0078489 8818253  0.000 C 0.276898  0.030189  9.172254  0.0000
RESIDA2(-1) 0371935 0018573  20.02602 0.000I RESID"2(-1) 0208310  0.019804 1051846  0.0000
R-squared 0.138336 Mean dependentvar 1102013 R-squared 0.043394 Mean dependent var 0.349740
Adjusted R-squared 0137991 SD.dependentvar 4.08068] Adjusted R-squared 0.043001 S.D.dependent var 1.483996
S.E. of regression 3788686  Akaike info criterion 5502714 SE. of regression 1451738  Akaike info criterion 3.584220
Sum squared resid 95856.64  Schwarz criterion 5507374 Sum squared resid 5140.301  Schwarz criterion 3588972
Log likelihood 6876394 Hannan-Quinn criter. 5504401 Log likelihood -4372.540  Hannan-Quinn criter. 3.585947
F-statistic 401.0414 Durbin-Watson stat 221855 F-statistic 110.6379 Durhin-Watson stat 2.078783
PfOb(F'StatiStiC) 0.000000 Prob(F-statistic) 0.000000
Heteroskedasticity Test: ARCH
F-statistic 264.8180 Prob. F(1,2496) 0.000I
Obs*R-squared 239.6085 Prob. Chi-Square(1) 0.000
Test Equation:
Dependent Variable: RESID"2
Method: Least Squares
Date: 04/24/23 Time: 01:36
Sample (adjusted): 2 2499
Included observations: 2498 after adjustments
Variable Coefficient ~ Std.Emor  t-Statistc ~ Prob.
C 1257619  0.123088  10.21727 0.000I
RESID"2(-1) 0309712  0.019032 1627323  0.000
R-squared 0.095920 Mean dependent var 1.82196
Adjusted R-squared 0.095558 S.D.dependent var 6.206684
S.E. of regression 5.902692 Akaike info criterion 6.389494
Sum squared resid 86965.07 Schwarz criterion 6.39415
Log likelihood -7978.479  Hannan-Quinn criter. 6.39118
F-statistic 264.8180 Durhin-Watson stat 2.16420
Prob(F-statistic) 0.000000
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Dependent Variable: KUWAIT
Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)
Date: 04/24/23 Time: 00:27
Sample (adjusted): 2 2436
Included observations: 2435 after adjustments

Convergence achieved after 24 iterations

Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter = 0.7)

GARCH = C(3) + C(4)*RESID(-1)"2 + C(5)*RESID(-2)"2 + C(6)*GARCH(-1)

Dependent Variable: QATAR
Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)
Date:; 04/24/23 Time: 00:26
Sample (adjusted): 4 2486
Included observations: 2483 after adjustments

Convergence achieved after 22 iterations

Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter = 0.7)

GARCH = C(3) + C(4)*RESID(-1)"2 + C(5)*GARCH(-1)

Variable Coefficient ~ Std.Emor  zStatistic  Prob. Variable Coefficient ~ Std.Error ~ zStatistic  Prob.
C 0069409 0030345  2.287327 00222 o 0053908  0.017870 3016684  0.0026
AR(1) 0230571 0.023578  9.779187  0.0000 AR(3) 0051218  0.019664  2.604636  0.0092
Variance Equation Variance Equation
RESID(-1)*2 0121993 0019535  6.244874  0.0000 RESID(-1)2 0183343 0011251 1620542  0.0000
RESID(-2)"2 0111555 0025250 ~ 4.417961  0.0000 GARCH(-1) 0772508 0014668 5266779 00000
GARCH(-1) 0607694  0.043680  13.91246  0.0000
R-squared 0.003981 Mean dependent var 0.008406
Zf,qua(rjed d 0.050037 Mear:jdepegdentvar 0.038516 Adjusted R-squared 0.003580 S.D.dependent var 1.010456
uste R-sqgare 0.049646 S'D,‘ ePe” gntyar 1.319379 S.E. of regression 1.008646 Akaike info criterion 2.621812
S.E. of regression 1.286211 Akaike info criterion 3.183776 sum squared resid 2504088 Schwarz criterion 2633527
Sum squared resid 4025.009  Schwarz criterion 3.198062 Log likelihood -3249.980 Hannan-Quinn criter. 2 626067
Log likelihood -3870.248 Hannan-Quinn criter. 3.188970 DuArbin—Watson stat 1.800138
Durbin-Watson stat 2.007309 .
Inverted AR Roots 23 Inverted AR Roots 37 -19-32i  -19+.32i




Dependent Variable: BAHRAIN

Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)

Date: 04/24/23 Time: 00:36

Sample (adjusted): 2 2456

Included observations: 2455 after adjustments

Convergence achieved after 34 iterations

Coefficient covariance computed using outer product of gradients

MA Backcast: 1

Presample variance: backcast (parameter = 0.7)

GARCH = C(4) + C(5)*RESID(-1)"2 + C(6)*RESID(-2)"2 + C(7)*GARCH(-1)

Dependent Variable: SAUDI

Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)
Date: 04/24/23 Time: 00:25

Sample (adjusted): 6 2494

Included observations: 2489 after adjustments

Convergence achieved after 22 iterations

Coefficient covariance computed using outer product of gradients
MABackcast: 35

Presample variance: backcast (parameter = 0.7)

GARCH = C(4) + C(5)*RESID(-1)"2 + C(6)*GARCH(-1)

Variable Cocfficient St Eror  Statistic Prob Variable Coefficient Std. Error z-Statistic Prob.
C 0.070401 0.017428 4.039514 0.0001
¢ 0022123 0012776~ 1731621 00833 AR(5) 0048858 0010464 2510184  0.0121
AR(L) 0666371 0079122 8422114 0.0000 MA(3) 0012323 0022587 0545599  0.5853
MA(1) 0536331 0.092192 -5.817561  0.0000
Variance Equation
Variance Equation
C 0.042495 0.004495 9.454357 0.0000
C 0.020372  0.002789  7.305416  0.0000 RESID(-1)"2 0.182683 0.011819 15.45720 0.0000
RESID(-1)"2 0.178776 0.021530 8.303496 0.0000 GARCH(-1) 0.797289 0.012128 65.73849 0.0000
RESID(-2)"2 -0.092651  0.021325  -4.344786  0.0000
GARCH(-1) 0828903  0.021443 3865588  0.0000 R-squared 0.003418 Mean dependent var 0.015487
Adjusted R-squared 0.002616 S.D.dependentvar 1.103587
R-squared 0.026974 Mean dependent var 0.023584 S.E. of regression 1.102142 Akaike info criterion 2.669132
Adjusted R-squared 0026180 S.D.dependentvar 0514465 Sum squared resid 3019.786  Schwarz criterion 2.683160
S.E. of regression 0507686 Akaike info criterion 1304765 Log likelihood -3315.734  Hannan-Quinn criter. 2674226
Sum squared resid 631.9919 Schwarz criterion 1321320 Durbin-Watson stat 1.743093
Ez?;:ﬁew‘;sgn - é%%ggg Hannan-Quinn criter. 1310781 Inverted AR Roots 55 A7+521  A7-52i  -44-32i
i -44+.32i
nverted AR Roots 67 Inverted MA Roots 12+.20i 12-.20i 23
Inverted MARoots 54
Dependent Variable: ABUDHABI Dependent Variable: OMAN
Method: ML ARCH - Normal distribution (BFGS / Marquardt steps) Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)
Date: 04124123 Time: 00:54 Date: 0424123 Time: 00:49
Sample (adjusted): 4 2501 Sample (adjusted). 22442
Included observations: 2498 after adjustments Included obsenvations: 2441 after adjustments
Convergence achieved after 20 iterations Comergence achieved after 26 iterations
. . . . Coefficient covariance computed using outer product of gradients
Coefficient covariance computed using outer product of gradients MA Backcast 1
Presample variance: backcast (parameter = 0.7) Presample variance: backcast (parameter = 0.7)
GARCH = C(3) + C(4)*RESID(-1)"2 + C(5)*GARCH(-1) GARCH = C(4) + C(5)*RESID(-1)"2 + C(6)*GARCH(-1)
Variable Coefficient ~ Std.Error ~ z-Statistic ~ Prob. Variable Coefficient ~ Std.Error  zStatistic  Prob.
C 0.084749  0.016275  5.207364  0.0000 C -0.008443  0.013705 -0.616000 05379
AR(3) 0.015509  0.022004  0.704859  0.4809 AR(1) 0488959  0.062549  7.817278  0.0000
MA(1) -0.196424  0.067216 -2.922279  0.0035
Variance Equation . )
Variance Equation
C 0.087229  0.009010  9.681793  0.0000 c 0029803 0002398 1242880 00000
SN ' : : .
RESID(-1)"2 0.186106  0.014078 1321922  0.0000 RESID(1)2 0255052 0013880  18.40462 00000
GARCH(-1) 0.722662  0.020259 3567127  0.0000 GARCH(-1) 0675508 0016734 4037217  0.0000
R-squared 0.000964 Mean dependent var 0.053386 R-squared 0.088556 Mean dependent var -0.007137
Adjusted R-squared 0.000564 S.D. dependent var 1.052598 Adjusted R-squared 0.087809 S.D.dependent var 0619725
S.E. of regression 1.052301 Akaike info criterion 2.555290 S.E. of regression 0591892  Akaike info criterion 1425916
Sum squared resid 2763.915 Schwarz criterion 2566946 Sum squared resid 854.1186  Schwarz criterion 1.440172
Log likelihood -3186.557 Hannan-Quinn criter. 2.559522 Log likelihood -1734.330  Hannan-Quinn criter. 1431098
Durbin-Watson stat 1.898773 Durbin-Watson stat 2.020077
Inverted AR Roots 25 212-220 -12+.22i Inverted AR Roots 49

Inverted MA Roots 20




Sample: 12499

MA Backcast: 0

Dependent Variable: DUBAI
Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)
Date: 04/24/23 Time: 00:58

Included observations: 2499
Convergence achieved after 21 iterations
Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)
GARCH =C(3) + C(4)*RESID(-1)"2 + C(5)*GARCH(-1)

Variable Coefficient ~ Std.Error  z-Statistic Prob.
C 0.025052  0.020182 1241288  0.2145
MA(1) 0.103799  0.021909  4.737729  0.0000
Variance Equation

C 0.040336  0.005268  7.657130  0.0000

RESID(-1)"2 0.136411  0.008649  15.77234  0.0000

GARCH(-1) 0.844377  0.009562  88.30610  0.0000

R-squared 0.013120 Mean dependent var 0.027678

Adjusted R-squared 0.012725 S.D.dependentvar 1.358973

S.E. of regression 1.350298 Akaike info criterion 3.018343

Sum squared resid 4552.795 Schwarz criterion 3.029995

Log likelihood -3766.419  Hannan-Quinn criter. 3.022573
Durbin-Watson stat 1.975499

Inverted MA Roots -10
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Heteroskedasticity Test; ARCH

Heteroskedasticity Test: ARCH

F-statistic 0.149801 Prob. F(1,2432) 0.6988 F-statistic 0.040116 Prob. F(1,2480) 0.8413
Obs*R-squared 0.149915 Prob. Chi-Square(1) 0.6986 Obs*R-squared 0.040148 Prob. Chi-Square(1) 0.8412
Test Equation: Test Equation:
Dependent Variable: WGT RESID"2 Dependent Variable: WGT RESID2
Method: Least Squares Method: Least Squares
Date: 04/24/23 Time; 01:39 Date: 04/24/23 Time:01:38
Sample (adjusted): 3 2436 Sample (adjusted): 5 2486
Included observations: 2434 after adjustments Included observations: 2482 after adjustments
Variable Coefficient  Std.Error  t-Statistic Prob. Variable Coefficient  Std. Error  t-Statistic Prob.
C 1.008116  0.046451 2170273  0.0000 C 0.996160  0.058659  16.98231  0.0000
WGT RESID™2(-1)  -0.007848  0.020277 -0.387042  0.6988 WGT RESID2(-1) 0.004022  0.020080  0.200289  0.8413
R-squared 0.000062 Mean dependent var 1.000266 R-squared 0.000016 Mean dependent var 1.000180
Adjusted R-squared -0.000350 S.D.dependentvar 2.061304 Adjusted R-squared -0.000387 S.D.dependent var 2.745429
S.E. of regression 2061664 Akaike info criterion 4285725 S.E.of regression 2.745960  Akaike info criterion 4858944
Sum squared resid 10337.12  Schwarz criterion 4.290489 Sum squared resid 18699.94  Schwarz criterion 4863632
Log likelihood -5213.728 Hannan-Quinn criter. 4287457 Log likelihood -6027.950 Hannan-Quinn criter. 4860647
F-statistic 0.149801 Durbin-Watson stat 1.999808 F-statistic 0.040116 Durhin-Watson stat 1.999871
Prob(F-stafistic) 0.698759 Prob(F-statistic) 0.841271
Heteroskedasticity Test: ARCH Heteroskedasticity Test: ARCH
F-statistic 0.001044  Prob. F(1,2452) 09742 | F-statistic 0.133253  Prob. F(1,2486) 0.7151
Obs*R-squared 0.001045  Prob. Chi-Square(1) 0.9742 | Obs*R-squared 0.133353  Prob. Chi-Square(1) 0.7150
Test Equation: Test Equation:
Dependent Variable: WGT RESID”2 Dependent Variable: WGT RESID”2
Method: Least Squares Method: Least Squares
Date: 04/24/23 Time: 01:41 Date: 04/24/23 Time: 01:40
Sample (adjusted): 3 2456 Sample (adjusted): 7 2494
Included observations: 2454 after adjustments Included observations: 2488 after adjustments
Variable Coefficient ~ Std.Eror  t-Statistic ~ Prob. Variable Coefficient ~ Std.Error  t-Statistic Prob.
C 0.999971  0.063019  15.86767  0.0000 C 1.007312  0.060344  16.69284  0.0000
WGT RESID"2(-1) 0.000653  0.020196  0.032308  0.9742 WGT RESID"2(-1) -0.007321  0.020056  -0.365038  0.7151
R-squared 0.000000 Mean dependent var 1.000624 | R-squared 0.000054 Mean dependent var 0.999990
Adjusted R-squared -0.000407 S.D.dependent var 2956751 | Adjusted R-squared -0.000349 S.D.dependent var 2.838284
S.E. of regression 2.957354  Akaike info criterion 5.007281 | S.E.ofregression 2.838778 Akaike info criterion 4925428
Sum squared resid 2144505 Schwarz criterion 5.012013 | Sum squared resid 20033.84 Schwarz criterion 4930106
Log likelihood -6141.934  Hannan-Quinn criter. 5.009001 | Log likelihood -6125.233  Hannan-Quinn criter. 4927127
F-statistic 0.001044 Durbin-Watson stat 1.999671 | F-statistic 0.133253 Durbin-Watson stat 1.999865
Prob(F-statistic) 0.974229 Prob(F-statistic) 0.715114




Heteroskedasticity Test: ARCH

Heteroskedasticity Test: ARCH

F-statistic 0.014063 Prob. F(1,2495) 0.9056 | F-statistic 0.000101 Prob. F(1,2438) 0.9920
Obs*R-squared 0.014074 Prob. Chi-Square(1) 0.9056 | Obs*R-squared 0.000101 Prob. Chi-Square(1) 0.9920
Test Equation: Test Equation:
Dependent Variable: WGT RESID"2 Dependent Variable: WGT RESID”2
Method: Least Squares Method: Least Squares
Date: 04/24/23 Time:01:43 Date: 04/24/23 Time: 01:42
Sample (adjusted): 5 2501 Sample (adjusted): 3 2442
Included observations: 2497 after adjustments Included observations: 2440 after adjustments
Variable Coefficient ~ Std.Eror  t-Statistic Prob. Variable Coefficient  Std. Error  t-Statistic Prob.
C 1.002148  0.050479  19.85259  0.0000 C 0999869  0.066162  15.11237  0.0000
WGT RESID"2(-1)  -0.002374  0.020020 -0.118587  0.9056 WGT RESID"2(-1) 0.000204  0.020252  0.010058  0.9920
R-squared 0.000006 Mean dependent var 0.999774 | R-squared 0.000000 Mean dependent var 1.000073
Adjusted R-squared -0.000395 S.D.dependentvar 2.315095 | Adjusted R-squared -0.000410 S.D.dependent var 3.110717
S.E. of regression 2.315553  Akaike info criterion 4517975 | S.E.ofregression 3.111355 Akaike info criterion 5.108813
Sum squared resid 13377.65 Schwarz criterion 4522639 | Sum squared resid 23601.13 Schwarz criterion 5.113567
Log likelihood -5638.691 Hannan-Quinn criter. 4519668 | Log likelihood -6230.752 Hannan-Quinn criter. 5.110541
F-statistic 0.014063 Durhin-Watson stat 1.999940 | F-statistic 0.000101 Durbin-Watson stat 2.000022
Prob(F-statistic) 0.905612 Prob(F-statistic) 0.991976
Heteroskedasticity Test: ARCH
F-statistic 0.644759 Prob. F(1,2496) 04221
Obs*R-squared 0.645109 Prob. Chi-Square(1) 04219
Test Equation:
Dependent Variable: WGT RESID2
Method: Least Squares
Date: 04/25/23 Time: 01:21
Sample (adjusted): 2 2499
Included observations: 2498 after adjustments
Variable Coefficient  Std.Error  t-Statistic Prob.
C 0984459  0.050252  19.59035  0.0000
WGT RESID"2(-1) 0.016070  0.020014  0.802969  0.4221
R-squared 0.000258 Mean dependent var 1.000539
Adjusted R-squared -0.000142 S.D.dependentvar 2.303388
S.E. of regression 2.303552  Akaike info criterion 4507582
Sum squared resid 1324465 Schwarz criterion 4512244
Log likelihood -5627.969 Hannan-Quinn criter. 4509274
F-statistic 0.644759  Durbin-Watson stat 2.000225
Prob(F-statistic) 0.422069
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Abstract

This study aims to implement proficiency testing of GCC stock markets to determine their weak efficiency
dynamics. We test short-term stock returns' predictability to judge how efficient of these markets. In the
other word, we will use daily data for the indices of 7 GCC stock markets during the period from
01/02/2013 to 12/28/2022, which allowed us to explain the impact of the Covid-19 crisis on the efficiency
of this markets, so, this study is better able to know whether the reforms made so far are effective.
Therefore, this investigation may help policymakers improve market efficiency to reduce economic
distortions. We have done a set of tests such as unit root tests (ADF, P.P), natural test, BDS test, variance
ratio test, and AR CH effect test. The study found that the stock returns of the study markets do not follow
the random walk hypothesis and that they can predict their future returns in the short term using historical
returns, which indicates the inefficiency of these markets in their weak formula during the study period,
and also reached the proposal of hybrid models ARIMA(n, d, m) ~-GARCH (p,q) to predict the returns of
these markets.

Keywords: Hybrid ARIMA-GARCH model, Return prediction, ARCH test, ARIMA models

Résumé

Cette étude vise 2 mettre en ceuvre des tests d’efficacité sur les marchés boursiers du CCG afin de
déterminer leur dynamisme dans le faible niveau. Nous testons la capacité de prévision des rendements
des actions a court terme, pour juger l'efficacité de ces marchés. En d'autres termes, nous utiliserons des
données quotidiennes pour les indices de 7 marchés boursiers du CCG au cours de la période allant du 02
/01/2013 au 28 /12/2022, ce qui nous permettra d’expliquer 'impact de la crise du Covid-19 sur'efticience
de ces marchés, c’est pour cette raison que cette étude est en mesure de savoir si les réformes effectuées
sont-elles efficaces. Par conséquent, cette étude peut aider les décideurs a améliorer I'efficacité du marché
afin de réduire les distorsions économiques. Ainsi, nous avons effectué une série de tests, tels que les tests
de racine unitaire (ADF, P.P), le test du naturel, le test BDS, le test du ratio de variance et le test de 'effet
ARCH. L'étude a révélé que les rendements boursiers des marchés étudiés ne suivent pas I'hypothése de
marche aléatoire et qu'ils peuvent prévoir leurs rendements futurs a court terme en utilisant les rendements
historiques, ce qui implique l'inefticacité de ces marchés dans leur faible niveau durant la période d'étude,
et a également abouti 3 la proposition des modéles hybrides ARIMA (n, d, m) -GARCH (p.q) pour
prévoir les rendements de ces marchés.

Mots—clés : Modéles hybrides ARIMA-GARCH, prédiction des rendements, test ARCH, modéles
ARIMA






