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Abstract

This study aims to analyze the impact of the transition toward clean energy on the stability
of global oil markets by examining the dynamic relationship between alternative energy
indicators and crude oil price volatility during the period from 25/02/2022 to 06/04/2026
using daily data. The study relied on a set of financial variables, including the Brent crude
oil index (Brent), the S&P Clean Energy Index, the U.S. Dollar Index (DXY), the
Volatility Index (VIX), and the S&P 500 index. To measure volatility dynamics, the
EGARCH model was employed due to its ability to capture asymmetric shocks and the
leverage effect. The findings revealed that oil markets are characterized by high volatility
persistence, with positive shocks exerting a stronger effect than negative shocks,
confirming the existence of a limited leverage effect. The study also showed that the
transition toward clean energy imposes structural pressures on oil markets by influencing
global demand expectations, without leading to a complete replacement of oil in the short
run. Therefore, the study highlights the importance of adopting economic diversification
policies and integrating climate risks into financial governance frameworks.

Keywords: energy transition, oil price volatility, EGARCH model, financial leverage,
transition risks.
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(Brooks C, 2019) :( 1,1 ) a5l zdsedl pisiae el Slolyll Joms (3

In(ht) = ®w + a;-g(z{t—1}) + B:-In(h_{t—-1})
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Bl < 1
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(Nelson D.B, 1991). KLzl ads ¢k (Curve

AV LY e ST B sear alld) LY e gl i e ailse L e V)
cules) a3 Bl ARCH/GARCH e ,das Liis (Brooks C, 2019)
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S ad | BRENTR CLER DYXR VIX S&P500

Mean 0.000153 | -7.51E-06 | 2.70E-05 19.13260 0.000301

Std.Dev 0.023456 0.015741 0.004612 5.512255 0.011086

Skewness | -0.792021 | 0.071817 | -0.353623 | 1.261681 0.060043

Kurtosis 7.910424 6.937052 4.537693 5.231557 9.372827

Jaque-bera | 1182.436 689.3913 127.2402 504.0048 1804.531

Probability | 0.000000 0.000000 0.000000 0.000000 | 0.0000000
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A Blaw VU Wi 5 atenny dgb LA
da B Joddl dyyl el Lt 1L
(ADF) sumgt ydor jlast =
i é of 2o Oled) Ll s Augmented Dickey- Fuller susdi jis jLasi aa
s 2l OF U5 SO Prob<<0.05% 0585 0f g o aiagl) Jodlll 2l

(ADF) su>g yior jlast @it 103 Jgud-!

greny BRENTR CLER DYXR VIX S&P500
t—Statistic | -32 92735 | -29.81339 | -32.16031 | -5.150713 | -33.08340
Probability 0.0000 0.0000 0.0000 0.0000 0.0000
Stabilité s s s s e
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:ARCH . ji iy ¢osdiall Cduddl 3929 jlasl ®

b z3sad Sl 3 ARCH 3 sy o gimd 2 EGARCH £34¢ ) gl |3

ARCH-LM ji jzs oW 104 Jous
el ! Valeur Prob
F-statistic 36.90398 0.0000
Obs*R -squared (LM) 35.73288 0.0000
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Date: 05/03/26 Time: 12:02
Sample: 1 1066
Included observations: 1066

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
[l i 1 -0.018 -0.018 0.3401 0.560
i i 2 -0.050 -0.051 3.0488 0.218
([ i 3 -0.046 -0.048 5.3464 0.148
] 1} 4 0.060 0.055 9.1472 0.058
i i 5 -0.057 -0.060 12.595 0.027
uf m 6 -0.101 -0.100 23.452 0.001
i i 7 0.010 0.006 23.568 0.001
i i 8 -0.027 -0.046 24.337 0.002
i i 9 0.010 0.006 24.442 0.004
i i 10 -0.049 -0.045 27.016 0.003

EViews 12 stael o)l slas) e 1 a2l

@ wliSy 3sed) B3gr e s 1gh () pupadl Bols i Sl gl Sl SOl
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Ju
. Ljung-Box Q = o :06 Jsu-
8 gomdl) Q-Stat Prob
1-4 i >0.05
5 12.595 0.027
6 23.452 0.001
7-10 e <0.05
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G il 2b 5 03| cidlax] AYs 93 b)) dxg «— (Prob < 0.05) Gp L 5 5eill 0 @
Hp 420
adel ualin 1066 slasal 230 Jly Je Ljung-Box Q el gubs de OF mazs
Gygiall (S5t o B3 ool (PTOD) Jlasm V1 03 0 o ¢ 20 Y) gl Beols 334 Y S5
oo i) Sen b ) (3 e 313 D)) sy ) S setug Bl il e Bl 905
el Bslel 390 e J W copnss
EGARCH 35 iaidhe 83yl :layly
:(Mean Equation) L.l dstes (1

Lol Dsas 107k

geng Coefficien Std Error | z-Statistic Prob.
CLER -0.049610 0.039792 -1.246744 0.2125
DYXR 0.155433 0.124380 1.249657 0.2114
S&P500 -0.023289 0.055235 -0.421638 0.6733
VIX -0.000222 0.000107 -2.069722 0.0385
C 0.004445 0.001990 2.233452 0.0255
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:S&P500 paxe o
Sy iy o Ll Wige ae 1S B ] o & -0.023289 as I bolag fon
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VIX pans @
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NG 6&‘ Lsd) Llge
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Adla] AN (63 e

:(Variance Equation) bJi ;oldl st (@
pasans s (EGARCH 3566 3 ol ) s dly o« bad) ol sl jui Opne
L bl bl adal) ()l Jo m3sadl Wi dasayy L all e Volatility Cldd )
w0 EGARCH #3566 a0 ST oMbl e 2012 353 53 1] 2 095 axads ps o2
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Saladf Coefficien | Std. Error | z-Statistic Prob
3yl (Jolal) (St L) | (Zoile)) (Jl-Y1)
C (6) -0.388434 0.109535 -3.546194 0.0004
C () 0.188470 0.041272 4.566479 0.0000
C (8 0.052134 0.030452 1.712012 0.0869
(OFC)) 0.968834 0.011803 82.08025 0.0000

C (10) 2.362199 1.429492 1.652475 0.0984
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T-DIST.DOF 8.853387 2.371165 3.733770 0.0002

Durbin-Watson 2.025873
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ANN
Model Architecture RMSE MAE R-squared
GARCH GARCH (1,1) 0.023 0.016 —
ANN ANN (10,3) 0.068 0.033 0.555
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VI S _PS0OR DY xR
Mean 19.13260 0.000301 2 F0E-05
Median 1768500 0.000584 9. 72E-05
Maximum 52.33000 0.0908485 0.016389
Minimum 11.86000 -0.061609 -0.021394
Std. Dew. 55122585 0.011086 0.004612
Skewness 1.261681 0.060043 -0.353623
Kurtosis 5231557 9372827 4 537683
Jargue-Bera 504.0048 1804 531 127 2402
Probability 0.000000 0.000000 0.000000
sum 20395.35 0.320953 0.028817
Sum Sq. Dev. 3235098 0130877 0.022655
Observations 1066 1066 1066

Brent Lis suxglt ydo 102 gl

Full Hypothesis: BREMTR has a unit root
Exogenous: Constant

CLER
-{.51E-06
-0.000230

0.074405
-0.101766
0.015741
0.071817
6.937052

689.3913
0.000000

-0.008011
0.2638749

1066

Lag Length: O (Automatic - based on S, madag=21)

BREMTR

0.000153
0.001104
0.088188
0.156943
0.023456
0792021
7.910424

1182.436
0.000000

0162782
0.585963

1066

t-Statistic FProb.*
Avugmented Dickey-Fuller test statistic -32 92735 0.0000
Test critical values: 1% level -2.4362732
5% level -2 864043
10% level -2 568154
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Wariable: D{BREMNTR)
Method: Least Squares
Date: O5MT/Z2E6 Time: 10:54
Sample (adjusted): 2 1066
Included observations: 1065 after adjustments
Variable Coefficient Std Error t-Statistic FProb.
BREMTRI{-1) -1.010063 0020675 -32 92735 0.0000
C 0000148 0000719 0. 205563 08372
R-squared 0.5049329 Mean dependent var 8.92ZE-06
Adjusted R-squared 0.504473 S D. dependent var 003232350
S E. ofregression 0.023476 Akaike info criterion -4 GEITTF
Sum squared resid 0.585860 Schwarz criterion -4 654436
Log likelinood 2485 458 Hannan-Cwuinn criter. -4 660234
F-statistic 1084 211 Durbin-Watson stat 1.992749
FProb(F-statistic) 0000000
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CLER 4l su>g) yi> :03 3l

FHull Hypothesis: CLER has a unit root
Exogenous: Constant
Lag Length: 0 {Automatic - based on SI1C, maxlag=21)

-Statistic Prob.*
Augmented Dickey-Fuller test statistic 29 2132329 00000
Test critical values: 1% level -3 436273
5% lewvel -2 854043
10% lewel -2.568154
*Mackliinnon (19295) one-sided p-values.
Avugmented Dickey-Fuller Test Equation
Dependent Wariable: D{CLER)
Method: Least Squares
Date: 05726 Time: 11:08
Sample (adjusted): 2 1066
Included cbservations: 1065 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
CLERI(-1) -0.9113265 0.020569 -29 8132329 O.0000
L -1.12E-05 0000481 -0.023235 0.9815
R-sgquared 0. 455285 Mean dependent var -1.97E-05
Adjusted R-squared 0454873 S.0. dependent var 00212585
S E. ofregression 0015693 Akaike info criterion -5.4692732
Sum sqgquared resid 0261800 Schwarz criterion -5 459938
Log likelinood 29014 3288 Hannan-Quinn criter. -5 465736
F-statistic 888 83283 Curbin-Watson stat 1.992670

Prob(F-statistic) 0. 000000

DYXR 54 sumgt ydo :04 el

rMHull Hypothesis: DY XK has a unit root
Exogenous: Constant
Lag Length: O {(Automatic - based on SIC, maxlag=2-1)

t-Statistic FProb.*
Augmented Dickey-Fuller test statistic -22.16031 0.0000
Test critical values: 1% lavel -3 436273
5% level -2 864043
10%: level -2.568154
*MackKinnon (1996) one-sided p-wvalues.
Augmented Dickey-Fuller Test Equation
Dependent WVariable: D{DYXR)
Method: Least Squares
Date: 05MM7TIM26 Time: 11:05
Sample (adjusted). 2 1066
Included observations: 1065 after adjustments
Wariable Coefficient Std. Error t-Statistic Prob.
DY R-1) -0.8986971 0.020689 =32 16031 00000
- 2 7T1E-05 0.000141 0191642 08481
R-squared 0.4893154 Mean dependent var -4 BTE-06
Adjusted R-squared 0492678 S.0. dependent var 0005481
S.E. ofregression 0004616 Akaike info criterion -F. 916672
Sum squared resid 0022650 Schwarz criterian -7 907337
Log likelihood A421F.628 Hannan-Ciuinn criter. -F.913135
F-statistic 1034 286 Churbin-Watson stat 1.997325

FProb(F-statistic) 0000000
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VIX ugl sumgl ydo 105 gl

Full Hypothesis: Wi has a unit root
Exogenous: Constant

Lag Length: O {Automatic - based on SIC, madag=21)

t-Statistic ProbD.*
Avugmented Dickey-Fuller test statistic 5150713 O o000
Test critical values: 1% lewvel -2 426273
5% lewvel -2.864043
10%% lewvel -2.568154
*Mackliinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Wariable: DOWIED
Method: Least Squares
Drate: 05M 726 Time: 11:02
Sample (adjusted): 2 1066
Included cbservations: 1065 after adjustments
VWariable Coefficient Std Error t-Statistic Prob.
WI(-1) -0.049405 o 009592 -5.150713 00000
|0 0.942060 o.190892 4. 95647 F 00000
R-squared 0024350 Mean dependent var o.0032211
Adjusted R-sgquared 0022432 S D dependent var 1. 744108
S.E. ofregression 1.F23553 Akaike info criterion 2.928529
Sum squared resid 3157. 785 Schwarz criterion 2.937864
Log likelihood 2089 942 Hannan-CQiuinn criter. 28932066
F-statistic 26 52984 Drurbin-Watson stat 2144563
Prob(F-statistic) 0. 000000
S&P500 x4 surgl yix :06 3ol
FHull Hypothesis: 5 PS5S00R has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on S, maxlag=21)
t-Statistic Prob.®
Augmented Dickey-Fuller test statistic -33.08340 00000
Test critical values: 1% lavel -3.436273
5% lavel -2.864043
10% level -2.558154
*MackKinnon (1296) one-sided pvalues.
Augmented Dickey-Fuller Test Equation
Crependent Wariable: V=S PS0O0R)
Method: Least Squares
Date: 05M 726 Time: 171:04
Sample (adjusted): 2 1066
Included observations: 1065 after adjustments
Wariable Coeflicient Std. Error t-Statistic Prob.
S _PS500R-1) -1.0174544 0020666 -323.08340 0O.0000
c 0.0003202 0000240 0.8286885 0.37563
R-squared 05073203 Mean dependent var -4 F5E-06
Adjusted R-squared 05068329 S.D. dependent var O.015798
S.E. ofregression 0011094 Akaike info criterian -6 162937
Sum squared resid 0120832 Schwarz criterian -6 1532602
Log likelinood 2283. TG4 Hannan-Ciuinn criter. -5.159400
F-statistic 1094 511 Durbin-Y"Watson stat 2 000054
Frob(F-statistic) 0000000
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Heteroskedasticity Test : ARCH-LM :07 3>

Heteroskedasticity Test: ARCH

F-statistic 26.90398  Prob. F(1,1063) 0.0000
Obs*R-squared 3573288 Prob. Chi-Square(1) 0.0000
Test Equation:
Dependent Variable: RESIDZ
Method: Least Squares
Date: 05/03/26 Time: 12:02
Sample (adjusted): 2 1066
Included observations: 1065 after adjustments
Variable Coefficient Std. Error t-Statistic Frob.
c 0000446 4 59E-05 9. 728290 0.0000

RESIDM2(-1) 0183166 0.020151 G.074865 0.0000
R-squared 0033552 Mean dependent var 0000546
Adjusted R-squared 00226432 =S.D. dependentwvar 0.001420
S.E. of regression 0.001397  Akaike info criterion -10.30764
Sum squared resid 0002073 Schwarz criterion -10.29830
Log likelihood 5490818 Hannan-Quinn criter. -10.20410
F-statistic 26.90398 Dwurbin-Watson stat 20410532
ProbiF-statistic) 0.000000

EGARCH ( Exponential GARCH) :08 s>\

Dependent Wariable: BREMNTR
Method: ML ARCH - Student's t distribution (Marquardt / EViews legacy)
Crate: O5/M3/26 Time: 12:04

Sample: 1 1066

Included observations: 1066
Convergence achieved after 16 iterations
Presample variance: backcast (parameter = 0.7}
LOG{(GARCH) = C(6) + C(7F )" ABS(RESID-1 M@SOQORT(GARCH-1))) + C(8)
*RESID(-1WE@sSQRT(GARCH-1)) + C9y LOG(GARCH-1)) +(10)

*CLER
Wariable Coefficient Std. Error z-Statistic Prob.
CLER -0.049510 0.029792 -1.246744 0.2125
DYHR 0155433 0.124380 1.249657 02114
S_PS500R -0.0232289 0.055235 -0.4216328 067332
W -0.000222 0000107 -2 069722 00385
= 0004445 0001990 2. 233452 00255
Yariance Equation

(Z(6) -0.388434 0.109535 -3.545194 0. o004
() 0188470 0041272 4 5656479 0. 0000
Z(8) 0052134 00320452 1. 712012 00859
Z(9) 0968834 0011803 82 08025 0. 0000
Z(10) 2 362199 1. 429492 1. 652475 oO.09s4
T-DIST. DIOF 8 853387 2 3IT1165 I FIITFO 0. o002
R-squared 0002932 Mean dependent var 0000153
Adjusted R-squared -0.000827 S D. dependent var 0023456
S E. of regression 0023466 Akaike info criterion -4 9383264
Sum squared resid 0584245 Schwarz criterion -4 886962
Log likelihood 2643 095 Hannan-Cuinn criter. -4 918826

Durbin-YWatson stat 2 025873
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    𝐲 _ 𝐭     =     𝛍     +     𝛆 _ 𝐭          


  𝛆 _ 𝐭     =     𝐳 _ 𝐭   ·   √ 𝐡 _ 𝐭                 𝐳 _ 𝐭   ~   𝐢 . 𝐢 . 𝐝 .   𝐍 ( 𝟎 , 𝟏 )          


  𝐡 _ 𝐭     =     𝛂 ₀     +     𝛂 ₁ 𝛆 ² _ { 𝐭 − 𝟏 }     +     𝛂 ₂ 𝛆 ² _ { 𝐭 − 𝟐 }     +     …     +     𝛂 𝐪 · 𝛆 ² _ { 𝐭 − 𝐪 }


  𝐡 _ 𝐭     =     𝛂 ₀     +     𝚺 ᵢ ₌ ₁ ᵠ   𝛂 ᵢ   ·   𝛆 ² _ { 𝐭 − 𝐢 }          


  𝒉 − 𝒕


    𝜶  𝟎


    𝜶  𝖎


  𝒒


  𝚺 ᵢ ₌ ₁ ᵠ   𝛂 ᵢ     <     𝟏        


      𝑽 𝒂 𝒓 ( 𝜺 _ 𝒕 )     =     𝜶 ₀   /   ( 𝟏   −   𝜮 𝜶 ᵢ )            


  ê _ t


  ê ² _ 𝐭     =     𝛄 ₀     +     𝛄 ₁ ê ² _ { 𝐭 − 𝟏 }     +     …     +     𝛄 𝐪 ê ² _ { 𝐭 − 𝐪 }     +     𝐯 _ 𝐭      


  𝐓 · 𝐑 ²     ~     𝛘 ² ( 𝐪 )


    H ₀


   ln ⁡  ( h _ t )


  h _ t


  𝐲 _ 𝐭     =     𝛍     +     𝛆 _ 𝐭                 𝛆 _ 𝐭   =   𝐳 _ 𝐭   ·   √ 𝐡 _ 𝐭   ,       𝐳 _ 𝐭   ~   𝐢 . 𝐢 . 𝐝 .   𝐍 ( 𝟎 , 𝟏 )    


             


  l n  (  h  t ) = 𝜔 + 𝛴 ᵢ ₌ ₁ ᵠ  [ 𝛼 ᵢ · g  (   z  t − i ) ] + 𝛴 ⱼ ₌ ₁ ᵖ β ⱼ · ln ( h _ { − j } )                                                                            


  𝚐    ( z _ t )


                  ا ل إ خ ب ا ر ي   ا ل أ ث ر   د ا ل ة   . . .       𝐠 ( 𝐳 _ 𝐭 )     =     𝛉 · 𝐳 _ 𝐭     +     𝛌 [ | 𝐳 _ 𝐭 |   −   𝐄 | 𝐳 _ 𝐭 | ]      


  𝜃 ·   z ͟       t ◀


    𝜆  [  | z   ͟   t | −   𝙴  | z   ͟   t | ] ◀


    𝜃     <     0   ك ا ن   إ ذ ◀


  𝐥 𝐧 ( 𝐡 _ 𝐭 )   =   𝛚     +     𝛂 ₁ · 𝐠 ( 𝐳 _ { 𝐭 − 𝟏 } )     +     𝛃 ₁ · 𝐥 𝐧 ( 𝐡 _ { 𝐭 − 𝟏 } )  


  𝐥 𝐧 ( 𝐡 _ 𝐭 )   =   𝛚     +     𝛂 · | 𝐳 _ { 𝐭 − 𝟏 } |     +     𝛄 · 𝐳 _ { 𝐭 − 𝟏 }     +     𝛃 · 𝐥 𝐧 ( 𝐡 _ { 𝐭 − 𝟏 } )


  𝐥 𝐧 ( 𝐡 _ 𝐭 )


  | 𝛃 |     <     𝟏


  𝐥 𝐧 ( 𝐡 _ 𝐭 )  


  𝐡 _ 𝐭  


  𝐡 _ 𝐭   >   𝟎


  إ ذ ا 𝐳 _ { 𝐭 − 𝟏 }   <   𝟎   ( س ي ء         خ ب ر ) :     𝐠 ( 𝐳 )   =   ( 𝛂 + 𝛄 ) · | 𝐳 _ { 𝐭 − 𝟏 } |  


    إ ذ ا 𝐳 _ { 𝐭 − 𝟏 }   >   𝟎   (   ج ي د       خ ب ر     ) :     𝐠 ( 𝐳 )   =   ( 𝛂 − 𝛄 ) · | 𝐳 _ { 𝐭 − 𝟏 } |


    إ ذ ا 𝐳 _ { 𝐭 − 𝟏 }   >   𝟎   (   ج ي د       خ ب ر     ) :     𝐠 ( 𝐳 )   =   ( 𝛂 − 𝛄 ) · | 𝐳 _ { 𝐭 − 𝟏 } |

