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Abstract :

This study aimed to analyze and forecast gold price dynamics during the period from 2010 to
2020, with a special focus on modeling price volatility using ARCH (Autoregressive Conditional
Heteroskedasticity) and GARCH (Generalized Autoregressive Conditional Heteroskedasticity)
models. Gold prices represent an important economic indicator and a safe-haven asset, making an
understanding of their volatility crucial.

The methodology began with unit root tests (Phillips-Perron) which confirmed the stationarity
of the gold price series, despite the presence of strong autocorrelation. Tests also showed that the
series does not follow a normal distribution and exhibits nonlinear dependence (according to the
BDS test). An AR(2) model was identified as the best mean equation, with higher orders of
autoregression included in the final estimation.

The ARCH test confirmed the presence of conditional heteroskedasticity in the model's
residuals, thereby justifying the use of GARCH models. The study concluded that the
GARCH(1,1) model is the most appropriate for modeling this volatility. The results showed that
both ARCH and GARCH coefficients were statistically significant and positive, confirming that
gold price volatility is directly influenced by past shocks and historical volatility. However, a
significant finding was that the sum of the ARCH and GARCH coefficients exceeded one,
indicating that the volatility process might be non-stationary and characterized by persistent effects
of shocks.

This study affirms the effectiveness of GARCH models in analyzing gold market volatility,
while highlighting the need for further research into volatility persistence and exploring alternative
models to address non-stationary dynamics.

Keywords : forecast , gold price , the ARCH model , the GARCH model
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llyy Jualociall Jaliay¥) I (e Slad ol laadd Aislis g paall (15 ¢10) @laliy) e

e e Als @lllia Jallg ARCH 3 i gy (61 <0.05 e S8 clS dllan) 2l oY
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B ety degfia (58l el (8 5l cbull o e dy 1ay oilall Gailaal
Al chuanl) 0da oladl Adjrae AlSa) (450 (Kl Bpara Dy desiie (9555 Bl il il
i) Adliag Julat 1 SEY llaal
ARCH - GARCH g 3lai; 7 35ahy dualall milull L8liey Jilad 4ty Cages callaall 138 b
s Gaad ey 1185 2020/06/02 Y 2010/01/04 5,5 DDia cwdll el gl
(ARCHU i 355 cculidaall <)
zasall) padi. ]
ailaia yue ladli ddag il 10N lasi¥) #3las clalea @ dlsyall o3 6 o
i) 73 g Jumdl ) Jgumll Wgiadys s 3 ARCH - GARCH gz 3layy Jiass
e Ane g z3sad (re ST Al 3 a8 calae ) IKRY danph Jlexial @llyy il
t oY) Jsanll PAS (e daiage wiliilly Lasds Leyss 365 ellad) o) Goal il
gl jaai : (5.2)pd) Joaad)

ARCH
Coefficient | ARCH(1) ARCH(2) ARCH(3) | ARCH(4)
258.13 0.4499 0.325 293.25
H (0.000) (0.010) (0.091) (0.000)
a 1.05 0.0904 0.001 0.797
0 (0.000) (0.000) (0.921) (0.000)
a -0.2120 0.01 0.121
1 (0.000) (0.072) (0.000)
a ] ] -0.06
2 (0.000)
GARCH
Coefficient GARCH(1,1)
-2.65
H (0.000)
0.891
Fs (0.000)
B -

Eviews 12 zalip cla i o sl bl dae) ¢ 2 jaall

<0.05 disins (g5icee dic gsine ARCH z3sal culill aall o odlel Joaall (e Laadl
hall e (Alias Y kel clabeall Ligine of M WS

53



il Uy 3 SN Juadl

el e ity Y il aally el US 8 GARCH gz 3gail dailly ¢l ol
aldlal) z dgail) ,Lid).2
il sl 8 allesin) g (sl zised deadl lod) Asjall ol i
Ligiaag ( Q-H, SIC, AIC ) uleal ded (8 e slae¥l bl (il Al
rease s LS ¢ alaall A0S hadd dad 5S) e sl @3S paall cilaledl)
oY) dsaall

Q-H, SIC, AIC julaall alaiuls 5lidal ¢ dlaill 4ijlia :(6.2) a8, Jgaad

Models AIC sC HQ
ARCH(1) 25351 26152 | 2.5675
ARCH(2) 2.5540 2.6608 | 25972
ARCH(3) 2.4676 25612 | 2.4816
ARCH(4) 2.4295 25363 | 2.4727

GARCH(L,1) 2.4138 25473 | 2.4677
GARCH(1,2) 2.4731 2.6333 | 25378

Eviews 12 zalin cilajie o slacVh Ldall slac] (1o 1 jhaal)
z3sai o (Q-H, SIC, AIC) &3l juleall Jlanics) 2ic 43l (6.2) a3 Jgaall ziln s
Bagall Aludes ) dnally (31 3l e Laaiia HQ 5 AIC (4)ladll 3 GARCH (1,1)
Ok SC jlundl) Laty ¢ pplomall (g Aasilly andl) i Lagd oY Aojiiall ol jlead yigal
ARCH(4) z3gaill cudacf 4o
el 05 ARl pulaal) s aadl) 8 4d dany (630 2 235l b Nl
el Sl saally Jdial @llyg 28 daaly)
Ve = U+
It = 0¢&¢
6f = ag +ay1y + Biof, + By0,
pan olel Abladll bl 2 3saill 808 Cilabaally gl wig
v, = —2.60+1;
52 = —2.65+ 0,21896572 , + 0,89126802 ,
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Gl auye COlaag(0.218965) sabiall sl ape cDlelae gsana yiai Lilas)
Glerall of ) el 138y aalgll e saes a5 ¢(1.110233) (gl (0.891268) syabiall
sy Sl Blad) of mimgy cOlalaall 838 g ganad i) Buad (36& Gl ) culil) e
Aligh 55l adiye (39S o el (o i Cladig ) (sa5 Caga Ll sl Lage oIS

JUdal) zigail) (and dlsye.3

Ldle daa (o Load oSEI (e A opafiy diapy aaady aDL) Zisalll (audid ae
Glayaly Sl M-ARCH Box-Ljungplial Gadsi e clld Sy diadliay 7354l
i) Jganll B dsaiagi & Lo g ¢ sl
JLadY) 1aa il g (Ko :Heteroskedasticity Test: ARCH bl @l asejlis)—

clsall Jgandl Pla (S

-

Heteroskedasticity Test: ARCH
F-Statistic 0.3714 | Prob. F(1,93) 0.5396
Obs*R- Prob. Chi-
Squared 0.3857 Square(1) 0.5346

Eviews 12 zaliyn cilsia Ao slac¥b Llall slac) (e 1 jiaal)
& g 0.05: Sl Sgquared-Rs Fowe J<U ddlaay) adll of edtel Joaall (e Laadly
SEHUARCH il sgng are (gl paed) docad Jod iy il Gigy 1 el 378 o slacY!

ARCH b 35a90 paey Saam JBlsall )3
oLl Jsaad) JOA (e 4l a8 (Sas :BOX-Ljung JLias)-
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LB JLial :(8.2)8) Jgal

Lag Q-test Prob

10 17.090 0.072

Res | 15 21.918 0.110
20 28.481 0.099

25 34.967 0.089

10 10.421 0.404

Reg? 15 11.310 0.730
20 11.484 0.933

25 16.784 0.889

Eviews 12 malin clajie Jo alac¥h Lllall dac) (e 1 jaaall

Aad) Gyl ady N VLY Gecaiall gl ad o (7.2) a8y Jsaall gl s
By AalY) vie Sl Y cedl jledd dlals o) e 1385 0.05 dagine (g5ime 2ic
Gyl Al Sl V) b o ol cJuadutio Bls)) 35y e 255620 <15 <10
Adlpde Fall o sl Lo sag sl 2 ARCHI Ll Clagg Lgine s sl
pie dpas Al yde I stV Zilas B of 6l oz dsal QS Jae J<i ¢35
bl Adalae 8l Slead Alald Tl Y am il 8IS Al )l 28 cplall uilas

deviation standard = hayrall (olasall Calyai¥) Jlaaials el e (1< LaS
sVl #le e mAdwadl variance Conditional oyl bl siConditional
P agy) Cliniall b el ] Gl i€ bl Gailat ade dgag ddag e I
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GARCH(1,1) zisai cous <l jled il :(4.2)a8; J<a

10

r.
P

=]
=]

2015

=

5]

— Condiionz] vafiance

To

2015 2015 017 2018 2013 A020

—— Conditianal stand ard devizfian
-

Eviews 12 malip clajie o alacWh Lllall dlac) (e 1 jaaall

call) jlau) cllail a1

sl Aalee Al caiadla Hladls 41dle (andy duiejl) Alalal] Cuslial) #3gaill a5 2y
Sbs Luhal) Jae 5,380 Joda Ao ld Taadlg (il 8 ) Ak aladnuls cldaly
oliol riage 5o L€ Cadll jlend clguiill il udi aes

A e cilaldty i) :(5.2)a8, J<i

4E+96
Forecast: OPENF
2E+96 Actual: OPEN
Forecast sample: 13803
OE+00 Adjusted sample: 2 3803
Included observations: 3802
-2E+96 Root Mean Squared Error 2.71E+94
Mean Absolute Error  2.61E+93
-4E+96 Mean Abs. Percent Error 3.89E+92
Theil Inequality Coef. 1.000000
-6E+96 Bias Proportion 0.009283
ZSSONS OO oNnNSsNgegRS g8 Vot promo 0.990717
7 7 i T T 7 7 i : ariance Proportion .
LS A LSS LSS LSS S S A8 S S 4
clsSSdosdodagdaes S aggs Covariance Proportion 0.000000
S FT 4PV LI AT O TEN LT b XSS
S 9 dod o9 o9 d o2 o o< Theil U2 Coefficient 7.11E+89
O N O O TS9O OISO NS moOo TS0
o~ o~ o~ N o~ N o~ ~ — Symmetric MAPE 199.6787
3.2E+111
— OPENF - +2S.E
2.8E+111
2.4E+111
2.0E+111
1.6E+111
1.2E+111
8.0E+110
4.0E+110
0.0E+00
= O N N O M S NN WO SO0 O O O W
ESSE5S583733828385558¢%
H = = 7} S = wh S -
c§888:258585882888288¢9
= < S o < © ~ ) =
g SSgSzgSgsS=sSgsSggdzge =g
QENRLIATITI VRO ILITImMIT IR

Forecast of Variance

Eviews 12 zalin cls i 1 jiaal)
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Gslal) (Aaial)

zisall e 3y ()l jed Aadgiall el Jiey (Forecast: OPENF): (3,5%) baall -
Bl Algh i Lo Dias san adgil) o Jaadls ardiadl)

Om S Gl @l Ll Sl ddadll il Jie (Actual: OPEN): ) bat) -
Aadgial) sl dlgs (A S Gl Heday (Sly Al dulgd (S doledlly dagiall aidl)

b2a Cindl Ll L adgill Jon A& ol Jii (S.E. 2 £) adsil) dad Jga Allaal) dBlaial)
Axdgidl dadll Joa i) are Alls ) cAalaidl)

Al Faial)

(Conditional Lyl oulally 3.l Jie (Forecast of Variance): @,5%)baill -
Jsne sa il s Lkl 5 63 GARCH #isai e 2l caadl) ey Variance)
bl gl Lielaa)

5l L 3gail) o () et 138, 3580 Aol B adigial) cplill) B 13l L) Badl -
Aobiod) 55l b cadl) e Gl b 5

Dbl @l 8 ddagale 53l 2855 ) Gainiall 8 dsiagall GARCH z3gai il i

28 (Golea) L adgial) ol e 3 olad) g LY cre ek LS bl 8yadl) 3 caadl

Glabedl & b o dpaladl Il (ool (i) aae Alls 52L3 G5 adgil e ey

el DS Cadl) gai ¢y paivnal) gy Las AV AW Glsu) 8 dldine Slora ) cduaail

o aias ) s3a A8y of Jlae¥l 8 331 agall cre el e pjland QLT G 2y

ey Uaall (s G g L) o LeS cdaigia pe ciladea Cigaa axes dpin bl alady) )i

Cills Ao 55 o8 ) dubedl) alai@Y) CilanY) ddhay jias Ciladsil 038l B9 5 )

il Gou
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A el dada
Oe 55l DA Cadll lend Jald uld st eha) &5 )l o3¢l Rulall Juadl) 3
Giaill a0y GARCH. 5 ARCH 3l aladily ailliny gally dadai Cangs <2020 ) 2010
Gubi & blE G0 palh agag waaty cadl by dsell Al bl o
ol celal L olall syand) Gl LEN dede Y1 4358 GARCH(1,1)z 354
Byaall O lalaall Ll Cun () jland GLE a8 dlleds s z3gall o daw il
(Dleaall) sUad¥l claspes GlliSy daladl cllilly jo€ (K5 s ddl) cldal of )
oo @il Sl ol bl dddiedd GUEL @lpn gl el a8 WS LAl
Gl pae Al (S Lae dagpaall 31l dalgs A Cldall sas b dlass il Giladg
DB By agh 8 GARCH ikl dileall daaal) o S5 a3l sda . (galeay)

Bices Ayl culy)s AATY e Ll g5 ccandl) (Ggun dlasiyall
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Dl cadlal) 3lsu) 8 Laaal) &l Gass aslliny ol leals ol) Jia caliadl b
o 36 A ) bl ol cadl My . o) (golail ey (el Dla JualS oyl
Sl Llall 8 GARCH 5 ARCH #ila 4dled <2020 ) 2010 (e 5iadl 553l
il o) 55 (bl 30 sl dag oo bl i€ Al L Cadl) Hlead il sakeal
Labiwgally daaleaidy) Clarall Goal) Llaind (San Lo g2 raaill ) dad Jlad) il
el (5 s o et YV ARy iy CLEN sl agh ) . edalall il DA Al
Ll Gl sy s b)) sl ) saaty DRl Bl A LAl ¢ lay o il
Aol o fg 8 dailea) Jalse lae¥) b 22k 1380 fST z3la skl dddicee Silail Ll
Sppaiall Goud) Ay pe 2y gaiil) (Ao 108 e Hian Lee caadl

bl L) 1

55 lease e Letna waty Bl ) 81 (e 0S5 o Lo DS

508 LY Gilias) caa ) lead il 13a 4Dl GARCH $ARCH 73l a5 =
i) aen g (heteroscedasticity) <l s e Bpiiall lawd) cldes dada e
daa il La 138 g .l Gload 8 AnilE (ailad a5 «(volatility clustering)

. dnadll

ARCH zigai goliig dus Gocayill daia cld) Wiey Auhll =il DA (0 —

e L 13 Al lerial) <y cldl) 8 Canay oslal (S0 e lend @il (i
L adiey o) ARCH 3500 ((apdl) (lund) Calmi¥ly o) bl cliata b
Al claall @l 4o cldal) LN doald (leall) i) clop e
& 5S q Aad) $aliall cljidl) e 13s Kk 1aae bl 45) LS oLl 5S5a0) 8paicnally

- 3l 3l aleay Las calS < 50Dl o328 dadail (ARCH(q)
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aadlal)

S Al clovall a4 cldall Jia alaliicdy GARCH # s aoldivg aai-
syl il Le 138 g dawld) adlaal aad Ly L S aa
GARCH il gl db dpcaydll dawa @il & cdpudidll il e 3y -
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N 2010 (s 5538l GARCH 5 ARCH 73l alaaialy candl) ey gasil) 4y
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Phillips-Peron 4yl ygiw) jlas) =3t 101 galal)

MNull Hypothesis: OFEM has a unit root
Exogenous: Constant
Bandwidth: 9 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Frob.*

Phillips-Perron test statistic £.331588 00000
Test critical values: 1% level -3.431884

5% level -2.862103

10% level -2 567113

Mull Hypothesis: OFEN has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 0 (Newey-\West automatic) using Bartlett kernel

Adj. t-Stat Frob.*

Phillips-Perron test statistic -9. 570898 00000
Test critical values: 1% level -3.960453

5% lewvel -3.410987

10% level -3.127306

Mull Hypothesis: OFEMN has a unit root
Exogenous: Mone
Bandwidth: 57 (Mewey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -2 FTT73376 0.0054
Test critical values: 1% level -2 5865570

5% lewvel -1.840907

10% level -1.616644

Heteroskedasticity Test ARCH lad) /cplall ailas jladl 102 aldll

Heteroskedasticity Test: ARCH

F-statistic 4. 351798 Prob. F(2,3798) 0.0129
Obs*R-squared 3.690555 Prob. Chi-Square(z) 0.0120
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(Ljung-Box) _kia) Q-statistic Lol

Date: OS/13/25 Tirme: 09:29
Sample: 1 38032
Included cbservations: 3803

Autocorrelation Partial Caoarrelation o Padc O -Stat ProbD
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L] — = £=} o s92 o 100 2528032 o . oo0o0
L] — m 9 o226 O oaF Z2ETF799. o o000
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= il 15 05651 (el e iy R ADO 3=, O o000
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L] E— ] 19 O.s552 O 022 STAZS. O o000
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