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o0 ABSTRACT O

This paper aims at providing an in-depth analysis of forecasting ability of different
GARCH models and finding the best GARCH model for Value at Risk (VaR) estimation
for Brent crude oil. Analysis of VaR forecasting performance of different GARCH models
is done using both Kupiecs test and Christoffersens test. Also, Backtesting VaR Loss
Function.  Sharp oil price changes delay business investment because they raise
uncertainty thus reducing aggregate output. Continued development and improvement of
models used in analyzing prices improve forecasting accuracy which in turns leads to
better costs and revenue prediction by businesses. This paper uses Brent Crude Oil prices
data over a period of ten years from the year 2014 to 2024. The study finds that the
IGARCH with T-distribution model is the best model out of the four models for VaR
estimation based on LR.uc and LR.cc Statistics which are the least among the values
realized. ME and RMSE for the four models used for forecasting have negligible
difference. However, the IGARCH model stands out with IGARCH T-distribution being
the best out of the four models we used. We therefore conclude that the IGARCH with T-
distribution model is the best model out of the four models used in this study for
forecasting Brent crude oil price volatility as well as for VaR estimations
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iy ald bl Sl Aile Aada @lily disag (1) Jeaadl

-0.011612 bl La
0.108606 Ll
41.20225 PR
~64.3699 Lgall 2ol
3.10902 Sohaeall Gl
-2.805771 BEN
97.48526 syl

Y Gl Ll ol e S Aape Jad W sl G ) ey B e ST mhayill of Laadls

(1) Jsally 5lsll il il mal) 3l el Al o35

Alblde ye Mgl o e Jy e iall g5l
A4S agh o Lad (3) Jall Lae Ly

cosl e S A Jad dsmy e Jy 13ay . anlal) aygll s (e Dlasdl ST Jisie 4] aile Lalade

g ayd il ey oxlall

1,400
Series: RETURNS
1,200 Sample 5/26/2014 5/20/2024
Observations 2540
1,000
Mean -0.011612
800 Med 0108606
Maximum 4120225
600 Minimum -64.36090
std. D 3,109020
400 Skewness 2808771
200 Kurtasis 97.48526
o ) Jarque-Bera 948156.0
60 50 40 30 20 10 0 10 20 30 40 Probability 0.000000
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A )Enay) s 2.3

DU Gk &5 (ADF) ieall i So sl alaiad o oY ol 8iee 25all Aludes clS 13 Laa Gginil
ADF 1 sasa ye zusaai sas (Philips Perron (PP)) los) Loay axiias ciilull i) a<El (ADF)
P ied .(2) sl b mange s LS bl 3 alil) cieni/dealsilly Jaiyell S Bl Y) sl
A 3agal) Al o AT 5 (g JADF LAY P dedll Guii 25 0.05 oo Jif PP jlaay

(PP) s cubd JLadls (ADF) jjaall Jigh (S0 JLS4) (2) Jgaad

PP sl ADF sl
-52.17448 -11.972
8 12 cUadl Jalpe 2
0.001 0.001 p—value

i giall Ualaall Lt .3.3

S LY dadags (ACF) SGEH Ll V1 Al z3sei auy oo Aasgiall bl Slia) & V1 5504l
AR (p) idee I uiy 138 op L,alll e PACF cahily ACF dye cusils 13 .(PACF) sl
MA (q) dalee 58t Lleall l q 43l 2 ACF adaiily PACF due 13 «(Jiallys

PACF 5 ACF cllalaa olial (5) JSalls (4) JSall cpaws
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=T 000 FHodow B T P
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PACF kb (5) Jsal

il ity dadall) 4.3
b e @l gy Ll 3a Zesiudl z 3l ZesSle ) sl 138 Canggs

:ARCH ai,ili jlad) .1.4.3
Aol el Judld) 23l Al Je (Engle, 1982) ddaulss (LM) mile¥ caclias Hlid) Gk &
5 1385 .(3) Jsall b mnge sa LS aaall dpmp by e L Suls ARCH-LM ciljlial) mits jiss
gl Apiajll Aluludl dadai 3 GARCH 5l ARCH zisai alasiad iy ¢ ey $ARCH @yl a5ms
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ARCH-LM izl (3) sl

233.24 Chi-squared
10 df
2.2¢716 p-value

sl il sy .2.3.4

Gl Cyelal 28 Aadaill ¢ U aaladind s G (0,g) il i Cmal) (e 06K 38 all e )l e
il bal @llyys . (Bollerslev, 1986) aisill saly) ae 8y pually (puuny ¥ z3laill (gl 500 f dibide
.(GARCH, EGARCH, IGARCH, (TGARCH) z3lill jsa3 & .Auall o2 & (1,1) =(p,q)

s oball L pall jhlaall LAWY LaY) .3.3.4

) Aledll Ll Led slam ) L) (VaR) hlaall duapeall Gl cile b aae lua alasind 2y
G il 1Y) LAY Q) & plaliall A jaall Aadl) i) il S5 (Lhliall A ped) jlalall 4ygml)
na Sally Sl i 8 Zallal) s c2dmall A8 (e (o S il A jaal) dadl) il Lt
Slany) Jisill s il L Agle e 2 ASIG A8 ggid oy 48800 cloWnay) of Laadi o agall e
48 ggine vie lalidl diayeal) dadll lus 2 Lobale LY of Agiae cule Winny) cul€ 13 Lo duhal (gy5 0
s e cd gl e dadd 75 5 7T Ay Wislat 4 o @dsiall e ) 5ledll 4 028 %95 5 %99
DURY dapall dally 3,841 a Lagypidl e Lbhaill sy daall Ledl ((Li et al, 2016) I G,
:5.991 a iy yiall ksl

Plainly daniall @lislaill & aaall L i ((Christoffersen’s test) (pjdsion S HLodY dally
clilaay) (L.R.) daiplesl) adlaal¥) e AS of Ajee (Say (7 6 <5 4) Jshaall e il eyl
e paall R gliadn ¥ GeogianS Ul @i L) e AS o g lee ddaal) Al e il
e Jalailly Slaill L) il dady b it o oSay bl of Y L il oda s %1
cosll A V) Zilall alal) LAV & Gadh & ey pld ew dle Jaee B hainl Byl bl
LR.uc <hlial cstial GARCH g3l guen (7 6 5 ) Johaall 3 LS () apsilly oxnlal
Jadl) Jame oy BB axall dpmjp (oaby 8 culid Aag V1 CHLAY) &0 o ddgs e @lld s SLR.ccs
el il Hlalaall Ayl Al z3lad o praasy 1aag AN 358 U8 e i) Qi) Jane (g5l S saldl)
clesall 48 e dawadl IGARCHs GARCH g3l (3566 %1 (gsime die Clislaill (o mosaall
clilasls LR.uc <iilas) .GARCH z3se anius o(t) asill deaild) 0 IGARCH z3sai aay - Aalal
Jai) s (1) a5 gy @ (IGARCH) zisai of g A . J8Y) Lt IGARCH (1) il LR.cc
-VaR cfyasl

3 Likelihood Ratio for the Conditional Criteria values.
% Likelihood Ratio for the Unconditional Criteria values.
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ot sl = s sl (4) Jaaad
GARCH | EGARCH | IGARCH TGARCH
alpha 1% 1% 1% 1%
Backtest Length 224 224 224 224
Expected Exceed 2.2 2.2 2.2 2.2
Actual VaR Exceed 5 7 5 7
Actual % 2.2 % 3.1% 22% 3.1%
LR.uc Statistic: 2.544 6.535 2.544 6.535
LR.uc Critical: 6.635 6.635 6.635 6.635
LR.uc p-value: 0.111 0.011 0.111 0.011
Reject Null: NO NO NO NO
ol s — i S JLR) (5) Jsad
GARCH | EGARCH | IGARCH TGARCH
alpha 1% 1% 1% 1%
Backtest Length 224 224 224 224
Expected Exceed 22 2.2 22 22
Actual VaR Exceed 5 7 5 7
Actual % 22 % 3.1% 2.2% 3.1%
LR.cc Statistic: 2.773 6.989 2.773 6.989
LR.cc Critical: 9.21 9.21 9.21 9.21
LR.cc p-value: 0.25 0.03 0.25 0.03
Reject Null: NO NO NO NO
() &gt — s JLEA) (6) Jsaad
GARCH | EGARCH | IGARCH TGARCH
alpha 1% 1% 1% 1%
Backtest Length 224 224 224 224
Expected Exceed 2.2 2.2 22 22
Actual VaR Exceed 4 5 3 5
Actual % 1.8% 2.2% 1.3% 2.2%
LR.uc Statistic: 1.133 2.544 0.235 2.544
LR.uc Critical: 6.635 6.635 6.635 6.635
LR.uc p-value: 0.287 0.111 0.628 0.111
Reject Null: NO NO NO NO
(1) @ — O S LA (7) Jeaad)
GARCH | EGARCH | IGARCH TGARCH
alpha 1% 1% 1% 1%
Backtest Length 224 224 224 224
Expected Exceed 2.2 2.2 2.2 2.2
Actual VaR Exceed 4 5 3 5
Actual % 1.8% 2.2% 1.3% 2.2%
LR.cc Statistic: 1.279 2.773 0.317 2.773
LR.cc Critical: 9.21 9.21 9.21 9.21
LR.cc p-value: 0.528 0.25 0.853 0.25
Reject Null: NO NO NO NO
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Return/VaR in percent

ReturnfvaR in percent
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(VaR) LALal) LIaY) it (6) Jsdl

Oe J VaR &3 ol ek ¢(6) JSa) 3 e s LS (VaR) alall HLaal) il el ) cllabaddl)
el s S8 lSH & il o e maaly pd5e 138y . 4xp¥) GARCH zila (ge sl
Szl o e maals sb3e 13 . 4a¥) GARCH gl (e Sisall e U8l VaR @il of cillalail
(il 4.3.4
lgall g ) Jeals Wil oJsiee an ) s JSE Jead Ll Slalad) #3la of V) ST W Ly
506 3 oY) assie .zl Sl 2024 Aokl S5 e e daadl lelay) 2530 e Wbl (gsia
483 43)laal 4x)¥) GARCH 3l aladinly 506 af adsis Cosu Lild Gllaly 2ad sial) 2l aa 43)aall Al
& ase s LS mll eUaaY) e Jpaall Zadgd) adlly ddisall adll Gn @il e Juast z 3Ll
(9) Jsalls (8) Jsaad
Gaaal (e Qi) Wiy Y adf e iy 13 Tanest i 88 Ay V) 2 el msend ¢(9) Jsanlls (8) Jsandl (e
axfiyy zolall apea o Goiy IGARCH gzisa o8 @lly aas . aladl Lol sy 50l & 23l e
zisa o a0l GARCH olsial zila skt ae s 4l e Jy 13 .dawed) GARCH zisa
oo (1) 55 53 IGARCH zised (s iy ol b jland dadas 8 Llia JI3 ¥ L) GARCH
$ (t) a5 5 IGARCH gisai of gities Gl . capdal) ajsill 53 IGARCH gisai (o (8l ¢ Uasl
iy AT Ayl e gll i)

bl il — g UaaY) adla (8) Jgaal

GARCH EGARCH IGARCH TGARCH

ME 0.0002444 0.0007117 0.00024771 0.00068444

RMSE 0.053504 0.0533582 0.05350445 0.05337032

MAE 0.02567 0.0254072 0.02567104 0.02542058
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() @i — sUadY) Gadla (9) Jgaadl

GARCH EGARCH IGARCH TGARCH

ME 0.0000992997 0.000363858 0.000096359 0.0003084

RMSE 0.05304368 0.0532057 0.05304335 0.053194

MAE 0.02505944 0.02527749 0.0250589 0.025269
: By il

3l dayyl Ayl s LA Jaitl lad culiliy sl e Lgiyads dabiaall Clial) 23 Jilat 8 lieys aa)
o Al oda b Lellan il s dlall bl Judld At pailadl) L) e gl e il
Alad g gil) dgasll Hlea) iy alasin) & s TGARCH 3 IGARCH s EGARCH s GARCH zila
led oS0 pmalall sl e L anli el o Ly il bl wle gl clela) st eha) o5 oY
sl wnsl e (1) g G bl sl ) ALEYL () g Ss ) s Lol g, ALE U
Akiie wlfJsd I3 Anall bl (68 Lasie gaplal) asil) (e Judl (1) aist o (o peaals e 1
o3a cylil LAARCH-LM lialy cllabaall MA (e dpulaills 21353Y) Jausgia 25ay (e Liagd il 23 4L
Ml A lgalasinY Jadl @il GARCH zilai of ) pailadl

Leedla OIS cgsmaill aiple ol Adldial dad iyl WIS L laledd) e Jsasll GARCH zilai (2S5 o
z3salll 8 EGARCH gzisai amy .Jumdl zigall S ccilogbead) ules cazmidsl WSy (Jumdl 735l
il (e (=5.370) dall) AIC dady 5446.41 2l Laylell Lilaay) ded e sl Juadd)
& Axp¥) zilall mea of ) Ll A VAR Ly 8l Lsal) el 8 el an Lieyd 5 L3jeaal
Gyl Juaid) s (t) ey IGARCH z3sai oIS ¢ ZapY) z3lall o (g Glld aay cmamaa IS0 a5
<l .0.317 A LR.cc @ihilaals 0.235 43l LR.uc ddbaa) ) labial Hhlaall dapedl dodl
ciy ala el lalidl dajeall Gl ol paiil Juadl s IGARCH (t g5 of L)

lge Ajlie Cadiy cCaiy aldd Apagdl Hlend) Lindgis Linglh craman S0 Jaxd z 3kl gaen of o 8 2y
o0l L w5l et GARCH g dsat JS oy oydll i) diaall Sl glll Silse ae dadgial) aiple sl
Juadl IGARCH () auysi (el -5 aY) GARCH il le IGARCH z3sai 35 ¢lld pay .o lhdy)
RMSE5 0.000096359 allll iassidl ME dad o Uy Wshal & Al chliay) s 3 <yl
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ME Zed ) Dl cllially sl o, 0.317 4alllls (LR .cc) d dslaa) Jaf5 0.235 2alldls (LR.uc)
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