) 2 sl 2y o) Ay e
alall Giadl g ) el 355
35l il s 348 ol
opeil) o gle g Ay jladl) o glall g dyabuai®y) o glal) 418
aLaidy) a glall acd

e A A ghll andls) jiala Balgd cilillaia JlaSiny dadia 3 S
el ejhj%)%b%éhaﬁw a glad)
(S 3laid) ; jauadill

O ing

\

Sl & 4dal) clalad)
2022-2000 5 8l dpuld 4l o

\§ J
e M) i) i) e AUl alas )

palil) dana gildran

MM Ciia alaa sl

(Alad) anail) M
" Cila palae i

22024-2023 :2alall agall







Tpan ) Al il 2 i 30 4y ) ggran
alal Giad) g Mad) agdasl) 50 3

di\j\.}jbﬂmw\hlé
Jieil] a gle g 4 ) & glat) g ApalaiBY) a glat) 441
;\ﬁdhaﬁ\}\ eﬂﬂ\M

e (A A ghll anals) jiala Balgd cilillaia JlaSin dadia 3 S

coedl) o gle g Ay jladll g ApalaiBy) o glal)

(AS Aaid) » yawaddl)
O ity
s & 2 1% ”» 00" \
Aol Lo delal) cilbalata)
. - U
2022-2000 3 A8l Apals@ Al o
g J
« ) Bl il + AdUalf as)
palil) dasa gildtas JUa
358l daal gliac
Ve " (il alaa i e Agile
o8 L8 e (lad) aadail) i allll daaa gildtaa
LidLia " Cila yalaa i oaly 2]

22024-2023 :2alall agall







s|daty |
"l Led Gl JB (e
Lo il Lo Lae <l ol 5 L Ul
AT S a5 g
b grall st GlaSl g ) jiall JS Glead Sl daglaal)  uss )

o el i€ oS8 a3 e o i U aaliy ol o3 gall g = 5
Magle dl) des ) Sl e Alenl ddas) oda 8 ilay 5SS

el Jsha
(sals P sal) sball & i Jsie ad (e S
(=) & 2 pase J O e S
(2al) A8 Gl Gl Haan g B o @Y Juaiadl ik

b



el 5 Jandl 5 alal) dari 5 a3l daniy o axdl 30 V) 2a) gl dl) 2aa]
il 13a ALay 831 Y15 5 bl
Y Sl aa il

e bl ani S 531 jualil dana silasan iyl 5iSal) Sy
A ISl ol jad dnlall

Analay el asle o4 laill g Lol & glal) A0S 53T aand S
L.,SJ‘)M



spadlall

LaBY) gaill 5 ALY Dgind G il Gada 48 jaa ) Al all 02 Cang
e 1aat &5 Gl 48 el 2000-2022 Bl A Al el A dalaiual Al
sall e e Jlaa¥l laall il 5 dalsivall il e e i€ cOp lilai]
ZAsaill g gabaBY) gaill Gladaay gald J V) Z3gaill (pad gad padi & ¢ galai@Y)
Sy Tngia bty iy oSl Al 6 e clilas) Clasae ala S
.GRANGER 4gis ae aladiul g ARDL 4iaall d3ia 1) <l gadll 51N

Dlginl o Ja¥) Ak Bde dsmy (@il e vl du ) o3 caal A
O JaY) sk 83e 3y Al 558 A el b sl paill 5 28U
40 dpaw A83e 3 5a 9 GRANGER 4w Ciaia g (sabaB@Y) sall) g A8l et
O olat¥) Lalal dun A3e Liag) s B8 @Dlginl i salaBY) sl o olasy)
ZL gial (pe olaiV] Fpala) L ABe 3ga gy el gad sILaBY] sall
Ul g

ARDL ¢«C02 <lilay) A8l ¢ glbaBBy) gaill sdalidal) cilalsl)

Summary:

This study aims to understand the nature of the relationships between energy
consumption, economic growth, and sustainable development in Algeria during
the period 2000-2022. To achieve this, CO2 emissions were identified as a
variable representing sustainable development, and GDP was used to represent
economic growth. Two models were estimated: the first model focused on the
determinants of economic growth, and the second model on the determinants of
CO2 emissions. The study employed the Autoregressive Distributed Lag
(ARDL) methodology and Granger causality.

The study concluded with several findings: there is a long-term relationship
between energy consumption and economic growth in Algeria during the study
period, and a long-term relationship between energy consumption and economic
growth. Granger causality indicated a unidirectional causal relationship from
economic growth to energy consumption, as well as a unidirectional causal
relationship from economic growth to emissions. Additionally, there is a
unidirectional causal relationship from energy consumption to emissions.

Keywords: economic growth, energy, CO2 emissions, ARDL
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UNIT ROOT TEST TABLE (FP)
At Level

LGDP Lcoz2 LEME LK LL TR UR LLLGDP
With Con...  t-Statistic  -04377 -0.3926 07534 0.1708 -1.0677 -1.7480 -36978 -0.4376
Frob. 0.8907 0.8989 0.9915 0.9662 0.7162 0.3980 0.0090 0.8907

na no na no nd no e no
With Con...  t-Statistic  -21737 -2.4947 -21181 -3.1223 -11246 -1.5287 08183 -2.1670
Frob. 0.4873 0.3284 0.5167 0.1184 0.9088 0.7982 0.9996 0.4909

no nd no nd no nd no nd
WithoutC..  t-Statistic  1.3081 2.0803 £6.2069 23198 26101 0.1898 10.8998 1.3004
Frob. 0.9483 0.9893 1.0000 0.9939 0.9970 0.7348 1.0000 0.9478

no nd no nd no nd no nd

At First Difference
diLGDP)  d(LCOZ2)  d(LENE) diLK) diLL) dTR) d(UR)  d{LLLGDP)
With Con...  t-Statistic  -5.2329 -8.2386 -5.8455 -41781 -56139 -5.0123 -7.3883 -5.2056
Frob. 0.0002 0.0000 0.0000 0.0027 0.0001 0.0003 0.0000 0.0002
With Con..  t-Statistic  -5.1337 -8.1222 -60814 40104  -56332 -4 8767  -158210 51075
Frob. 0.0013 0.0000 0.0001 0.0189 0.0004 0.0024 0.0000 0.0013
Without C..  t-Statistic  -4.7980 -6.7183 -37000 -3.1916 -4.9220 -5.0916 -0.8043 -4.7794
Frob. 0.0000 0.0000 0.0006 0.0024 0.0000 0.0000 0.3594 0.0000

sk FeTs sk FeTs sk whi no whi

Eviews12 <ila e caws Al dlac) (e 0 ylaall

ADF 4 ) 3y il 1(02) ady gadal)

UNIT ROOT TEST TABLE (ADF)
At Level

LGDP LCO2 LEME LK LL TR UR LLLGDP
ith Con... t-Statistic -0.3287 1.2694 0.6192 0.5070 -1.3000 -1.7626 -3.2554 -0.3315
Prob. 0.9097 0.9977 0.9881 0.9843 0.6164 0.3915 0.0284 0.9092

no nQ no ni no nQ = ni
With Con... t-Statistic -1.9555 -2.7778 -2.1181 -3.3608 -0.8227 -1.5872 -2.8700 -1.8507
Prob. 0.6025 0.2170 0.5167 0.0748 0.9524 0.7717 0.1880 0.6050

no no no = no no no no
Without C.. t-Statistic 1.4588 2 8769 55597 31328 26262 01466 -2.3185 1.4513
Prob. 0.9611 0.9984 1.0000 0.9992 0.9971 0.7218 0.0225 0.9605

no no no no no no - no

At First Difference
diLGDP)  d(LCO2)  d(LEMNE) d(LK) diLL) d(TR) diUR)  d(LLLGDP)

With Con...  t-Statistic -5.2367 -8.1818 -4.0572 -2.4069 -5.6057 -5.0401 1.4432 -5.2078
Prob. 0.0002 0.0000 0.0038 0.0187 0.0001 0.0003 0.9986 0.0002

- no
With Con...  t-Statistic -5.1352 -4.2550 -4.3432 -4.0862 -5.6304 -5.3488 -1.9408 -5.1078
Prob. 0.0012 0.0125 0.0090 0.0159 0.0004 0.0008 0.6025 0.0013

e - e o e - no .
Without C...  t-Statistic -4.7612 -1.05815 -0.4759 -1.6268 -1.7669 -5.1168 -2.9041 -4.7418
Prob. 0.0000 0.2563 0.5003 0.0968 0.0735 0.0000 0.0056 0.0000

e no no * * - e .

otes: (*)Significant at the 10%; (**)Significant at the 5%, (***) Significant atthe 1%. and (no) Mot Significant
FMackinnon (1996) one-sided p-values.
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Dependent Variable: LGDP

Method: ML ARCH - (BFGS / Marquardt steps)
Date: 05/19/24 Time: 10:21

Sample (adjusted): 1994 2022

Included observations: 29 after adjustments
Maximum dependent lags: 4 (Automatic selection)
Model selection method: Akaike info criterion (AIC)

Dynamic regressors (4 lags, automatic): LCO2 LENE LK LL

Fixed regressors: C

Number of models evalulated: 2500

Selected Model: ARDL(3, 4,4, 4, 1)

Huber-White-Hinkley (HC1) heteroskedasticity consistent standard errors
and covariance

Variable Coefficient Std. Error t-Statistic Prob.*
LGDP(-1) 0.486273 0.344768 1.410434 0.1961
LGDP(-2) 0.003276 0.162182 0.020200 0.9844
LGDP(-3) 0.388903 0.223299 1.741622 0.1197
LCO2 0.211743 0.731420 0.289496 0.7796
LCO2(-1) -0.972912 0.672047 -1.447684 0.1857
LCO2(-2) -0.461642 1.001747 -0.460837 0.6572
LCO2(-3) 1.431881 0.682618 2097631 0.0692
LCO2(-4) -1.354117 0.638803 -2.119773 0.0668
LENE 0.224204 1.159151 0.193421 0.8515
LENE(-1) -1.906154 0.932466 -2.044207 0.0752
LENE(-2) -0.953292 1.418945 -0.671831 0.5206
LENE(-3) -1.404146 1.355827 -1.035638 0.3307
LENE(-4) 4167701 1.367957 3.046661 0.0159
LK 0.325960 1.682288 0.193760 0.8512
LK(-1) -1.324172 1.839853 -0.719716 0.4922
LK(-2) 2.324968 1.345596 1.727835 0.1223
LK(-3) -2.322125 0.964691 -2.407119 0.0427
LK(-4) 0.847125 0.752480 1.125776 0.2929
LL 0.163488 0697122 0234519 0.8205
LL(-1) 0.866142 0.619779 1.397502 0.1998
C 11.54797 22.09573 0.522634 0.6154
R-squared 0.992721 Mean dependentvar 25.39439
Adjusted R-squared 0.974524 S.D. dependentvar 0.592280
S.E. of regression 0.094535 Akaike info criterion -1.719279
Sum squared resid 0.071494 Schwarz criterion -0.729168
Log likelihood 4592955 Hannan-Quinn criter. -1.409189
F-statistic 5455416 Durbin-Watson stat 1.875290
Prob(F-statistic) 0.000002
*Note: p-values and any subsequent tests do not account for model
selection.
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Breusch-Godfrey Serial Correlation LM Test:

F-statistic 2.973084 Prob. F(2,5) 0.1410
Obs*R-squared 15.75335 Prob. Chi-Square(2) 0.0004
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Heteroskedasticity Test Breusch-Pagan-Godfrey

Null hypothesis: Homoskedasticity Heteroskedasticity Test ARCH

F-statistic 1323352 Prob. F(20,8) 0.3559 -

Obs*R-squared 2226893 Prob. Chi-Square(20) 0.3261 F-sta.nsuc 0264095 Prob. F(1.26) 06117
Scaled explained SS 1598946 Prob. Chi-Square(20) 1.0000 | Obs’R-squared 0.281550  Prob. Chi-Square(1) 0.5957

Eviews12 <ila jhae crws Al dlac) (e 1 jdaaal)

)il de ey ol L are LSS e g Al (5) Gald) & A e
prop.F  sF-statistic=1.32>0.05 (! BEERK (heteroskedasticity test breusch-pagan-godfrey
F- o) 1aa3l heteroskedasticity test; ARCH) (Sl sde JIA (4 astl (20,8)=0.35>0.05
AUl Slca 8l a5 prop.F(1,26)=0.61>0.05 s statistic=0.26>0.05
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Seres: Residuals
Sample 1984 2022
Observations 29

Mean 7.41e-18

Median 0.008055

Maximum 0.097958

Minimum -0.121983

Std. Dev. 0.050531

Skewness 0.005548

Kurtoss 2.887037
0.05 0.00 0.05 0.10

jarque-Bera  0.015573
Probabiity  0.992248

O = N W & VN N N @

£.10
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F-Bounds Test MNull Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) 1)
Asymptotic: n=1000
F-statistic 4. 666169 10% 22 3.09
K 4 5% 2.56 3.49
2.5% 2.88 3.87
1% 3.29 4.3
Actual Sample Size 29 Finite Sample: n=35
10% 2.46 3.46
5% 2.947 4.088
1% 4.093 5532

Finite Sample: Nn=30
10% 2.525 3.56
5% 3.058 4.223
1% 4.28 5.84

Eviews12 s de s aallall alae (e 1 ydaal)
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ARDL Long Run Form and Bounds Test
Dependent Variable: D(LGDP)
Selected Model: ARDL(3. 4, 4, 4,
Case 2: Restricted Constant and No Trena
Date: 05/19/24 Time: 10:27
Sample: 1990 2022
Included observations: 29
Conditional Error Correction Regression
Vvariable Coefficient Sta. Error t-Statistic Prob
c 11.54797 24 19972 0.477194 0.6460
LGDP(-1)" -0.12154a8 0.205178 -0.398287 0.7008
LCO2¢-1) -1.145047 0.895416 -1.278787 0.2368
LENEC-1) 0.128313 1.637536 0.078357 0.9395
LIK(-1) -0.148245 1.260616 -0.117597 0.9093
- 1.029631 0.399523 2.577149 0.0328
D(LGDP(-1) -0.392179 0.213869 -1.249500 0.2468
D(LGDP(-2)) -0.388903 0.276232 -1.407887 0.1968
D(LCO2) 0.211743 0.807847 0.262108 0.7999
D(LCO2¢-1) 0.383878 0.743620 0.516229 0.6197
D(LCO2(-2)) -0.077764 0.758759 -0.102488 0.9209
D(LCO2(-3)» 1.354117 0.604761 2.239095 0.0555
D(LENE) 0.224204 1.014043 0.221099 0.8206
D(LENE(-1)) -1.810263 1.605422 -1.127594 0.2922
D(LENE(-2)) -2.763555 1.133875 -2.437267 0.0407
D(LENE(-3)) -4.167701 1.522856 -2.736766 0.0256
0.325960 1.463187 0.222774 0.8293
D(LIK-1)) -0.849967 0.966078 -0.879812 0.4046
D(LIK(-2)) 1.475001 1.270614 1.160857 0.2792
D(LIK(-32)) -0.847125 0.900780 -0.940435 0.3745
DL 0.163488 0.669224 0.244295 0.8132
* p-value incompatible with t-Bounds distribution
Levels Equation
Case 2: Restricted Constant and No Trend
Variable Coefficient Std. Error t-Statistic Prob
LCO2 -9.420508 29.84632 -0.315634 0.7604
LENE 1.055655 14.89535 0.070871 0.9452
LK -1.219638 12.48813 -0.097664 0.9246
(2 8.470957 23.80241 0.355887 0.7311
c 95.00720 406.7288 0.233589 0.8212
EC = LGDP - (-9.4205"LCO2 + 1.0557"LENE -1.2196"LK + 8.4710"LL +
95.0072)
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ARDL Error Correction Regression
Dependent Variable: D(LGDP)

Selected Model: ARDL(3, 4, 4,4, 1)

Case 2: Restricted Constant and No Trend
Date: 05/19/24 Time: 10:29

Sample: 1990 2022

Included observations: 29

ECM Regression
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.
D(LGDP(-1)) -0.392179 0.139503 -2.811252 0.0228
D(LGDP(-2)) -0.388903 0.147157  -2.642781 0.0296

D(LCO2) 0211743 0.318440 0.664938 0.5248
D(LCO2(-1)) 0.383878 0.374353 1.025444 0.3352
D(LCO2(-2)) -0.077764 0.371610  -0.209261 0.8395
D(LCO2(-3)) 1.354117 0.346205 3.911317 0.0045

D(LENE) 0.224204 0.579157 0.387121 0.7088
D(LENE(-1)) -1.810263 0.589079  -3.073039 0.0153
D(LENE(-2)) -2.763555 0621526  -4.446400 0.0021
D(LENE(-3)) -4.167701 0.810124  -5.144526 0.0009

D(LK) 0.325960 0.656539 0.496483 0.6329

D(LK(-1)) -0.849967 0.563358 -1.508751 0.1698

D(LK(-2)) 1.475001 0.518781 2843205 0.0217

D(LK(-3)) -0.847125 0436408 -1.941129 0.0882

D(LL) 0.163488 0.252919 0.646405 0.5361
CointEq(-1)* -0.121548 0.018020 -6.745009 0.0001
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R-squared 0.847722 Mean dependentvar 0.046968
Adjusted R-squared 0.672017 $S.D. dependentvar 0.129491
S.E. of regression 0.074159 Akaike info criterion -2.064107
Sum squared resid 0.071494 Schwarz criterion -1.309737
Log likelihood 4592955 Hannan-Quinn criter. -1.827847
Durbin-Watson stat 1.875290

* p-value incompatible with t-Bounds distribution.
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Dependent Variable: LCO2
Method: ARDL
Date: 05/25/24 Time: 19:32
Sample (adjusted): 1993 2022
Included observations: 30 after adjustments
Maximum dependent lags: 3 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Dynamic regressors (3 lags, automatic): LENE LGDP LLLGDP TR UR
Fixed regressors: C
Number of models evalulated: 3072
Selected Model: ARDL(3, 3, 0, 0, 0, 3)
Variable Coefficient Std. Error t-Statistic  Prob.*
LCO2(-1) -0.479697 0.153681  -3.121383 0.0070
LCO2(-2) 0.035331 0.123663 0.285707 0.7790
LCO2(-3) 0.236628 0.144793 1.634249 0.1230
LENE 1.037912 0.311408 3.332968 0.0045
LENE(-1) 0.129093 0.268758 0.480332 0.6379
LENE(-2) -0.107376 0.238151  -0.450875 0.6585
LENE(-3) 0.791047 0.356324 2.220025 0.0422
LGDP 14.72425 3.781996 3.893249 0.0014
LLLGDP -0.282673 0.073647  -3.838236 0.0016
TR -0.902045 0.209027  -4.315452 0.0006
UR 25.05649 75.46468 0.332029 0.7445
UR(-1) -139.0147 7596162  -1.830064 0.0872
UR(-2) 72.01563 12.14569 5.929316 0.0000
UR(-3) 30.94380 7.283658 4.248388 0.0007
c -167.2588 47.66438  -3.509094 0.0032
R-squared 0.992294 Mean dependentvar 18.59344
Adjusted R-squared 0985102 S.D. dependentvar 0.264988
S.E. of regression 0.032343  Akaike info criterion -3.717962
Sum squared resid 0.015691 Schwarz criterion -3.017363
Log likelihood 70.76943 Hannan-Quinn criter. -3.493834
F-statistic 137.9724 Durbin-Watson stat 2778704
Prob(F-statistic) 0.000000
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Breusch-Godfrey Serial Correlation LM Test:
Null hypothesis: No serial correlation at up to 3 lags

F-statistic 2.481840 Prob. F(3,12) 0.1108
Obs*R-squared 11.48674 Prob. Chi-Square(3) 0.0094

Eviews12 cla hae s Al alae ) (e 1 ydaal)
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Heteroskedasticity Test: Breusch-Pagan-Godirey U
Null ypothesis: Homoskedastily y Heteroskedasticity Test ARCH
F-statistic 0.897159 Prob. F(14,15) 0.5780 F-statistic 3710453 Prob. F(1 27) 0.0647
Obs*R-squared 13.67212 Prob. Chi-Square(14) 0.4744 Y
Scaledexplained S8 4948230 Prob. Chi-Square(14) 09865 || 0bs*R-squared 3503795  Prob. Chi-Square(1) 0.0612

Eviews12 <la hae s Al dlae (e 1 ytaal)
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SF =0.89>0.05 () Jaadl ( heteroskedasticity  test  breusch-pagan-godfrey
LU heteroskedasticity test; ARCH) (<l yde JSA (e 28U 5 prop.F(14,15)=0.35>0.05
ALl Ol Jal) s 5 prop. F(1,27)=0.06>0.05 F =3.71>0.05 )
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Sampie 1993 201

B Obcervation: 30
3 Mean 190215
Madan 0002018
Maamum 0061991
a Minimum 0057861
Std. Dev 0023261
2 II Shewness 0012904
. . . Kurtoss 1895370
0 . . JarqueBera 1002941
.06 £0.04 .02 0.00 0.02 0.04 0.06 Probabilty 0603639
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F-Bounds Test MNull Hypothesis: No levels relationship

Test Statistic value Signif. 1(0) 1)

Asymptotic: n=1000
F-statistic 12.27952 10% 2.08 3
K 5 5% 2.39 3.38
2.5% 27 3.73
1% 3.06 4.15

Actual Sample Size 30 Finite Sample: n=30
10% 2.407 3.517
5% 291 4.193
1% 4.134 5.761
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ARDL Long Run Form and Bounds Test

Included observations: 30

Conaitional Error Correction Regression

variable Coefricient Sta. Error t-Statistic Prob
= -167. 2588 a7 66438 -3.509094 o0.0032
LCO2¢1)>" -1.207738 0.183593 -6 573329 o.0000
LENECGT) 1.850676 o 339831 S aass72 0. 0001
LGDP~~ 13 72a2s 3 781996 3 893249 o 0014
LLLGDP~~ -o.282673 o 073647 -2 838236 o o016
TR -0. 902045 o . 209027 -4 315452 o.ooos
URCC1) -10.99874 2114847 -5 200725 o. 0001
DA CO2¢1» -0.271959 o.158390 -1.717027 o.106s
DL CO2-2» -0.236628 0. 144793 -1.63a2a9 o.1230
DL ENE) 1037912 o 311a08 = 232968 0. 00as
DO ENEG1Y -0.683671 o 350832 -1.89a706 o o776
DLENEG-2)) -0. 791047 o 356324 -2 220025 o 0a22
DUR) 25 05648 75 46468 o. 332029 o.7aas
DURGCI -102 9594 17 82765 -5 775267 ©o.0oo00

DURGC2>) -30.94380 7.283657 -a 2as=3s8s ©. 0007

= p-value incompatible with t-Bounds distribution
== Variable interpreted as Z = Z(-1) +~ D).

Levels Equation
Case 2: Restricted Constant and No Trend

Vvariable Coefricient Sta. Error t-Statistic Prob
LENE 1.532349 0.220348 4. 783386 ©0.0002
LGDP 12.19160 2626179 2.262105 0.0043
LLLGDP 0.234051 0.070407 3.324275 0.0046
o.7a6288 o.1743a4 4. 2832982 ©0.0007
UR 2.106890 2.160626 4214931 0.0007
(= -138.4893 45 86560 -2.019459 o.cos86

EC = LCO2 - (1.5323"LENE +~ 12.1916"LGDP -0.2341"LLLGDP -0.7469 TR
-9.1069"UR - 138.4893)
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Dependent Variable: DLCO2)
Selectead Model: ARDL(3, 3, 0, 0, O, 3

Case 2. Restricted Constant and No Trend
Date: OS/25/24 Time: 19:34

Sample: 1990 2022

Included observations: 30

ECM Regression
Case 2. Restricted Constant and No Trena

variable Coefricien t Sta. Error t-Statistic Prob
DLCO2¢1)» -0.271959 0.080705 -3.369814 0.0042
DL CO2(-2» -0.236628 0.081501 -2.903372 0.0109
DLENE) 1.03791=2 0.154073 6.736488 0.0000
DLENEG-1) -0.683671 0.159352 -4.290319 0.0006
DLENE-2)) -0.791047 0.153557 -5. 151474 0.0001
DUR) 25 05648 11.13525 0.0399
DURGTY -102.9594 12.59104 - 0.0000
DURG2)) -30.94380 5.758867 - 0.0001
CointEqQ-1)>" -1.207738 Oo.110095 - o.0000
R-squared 0.897675 Mean depend r 0.026396
Adjusted R-sqQuared 0.858694 S D. depende r 0.072718
S. E. of regression 0.027335 Akaike info i -4, 117962
Sum squared resia 0.015691 Schwarz crl -2 697602
Log likelihood 70.76943 Hannan- -3.983a485S

Durbin-Vwatson stat 2. 778704

~ p-value incompatible with t-Bounds distribution
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Pairwise Granger Causality Tests
Date: 05/24/24 Time: 09:23
Sample: 1990 2022
Lags: 1
Null Hypothesis: Obs F-Statistic Prob.
LENE does not Granger Cause LGDP 32 0.70658 0.4075
LGDP does not Granger Cause LENE 6.87182 0.0138
LCO2 does not Granger Cause LGDP 32 0.06926 0.7943
LGDP does not Granger Cause LCO2 5.59382 0.0249
LCO2 does not Granger Cause LENE 32 0.13940 0.7116
LENE does not Granger Cause LCO2 10.1739 0.0034

Eviews12 <ila jhae s Al alae ) (e 1 ydaal)

1506 Ay sina (5 siase die IS il it (19)Gald) zili IS

Gy 5LV pail) 81y alaiBY) gail) Caany ¥ A8l Mgin) o Tl
AMNgins) sad salaBY) saill (e oladVl dgalal Ly A8Dle @llia 43l (of Adlkal) eDigiul
AL

Sy byl saill 8 st ¥ s SU aS) G e Gllagl o Jaadls
Gl il agle Cuai Lo 138 5 508l sl A5 Sle il gaba®Y) sl
e il s salaB¥) saill (e oY) dgalal Ay ADe @llia ol ) dpalaiy]
O3 8 s S

e A8l Dlginl 8w Y osS) aus) 6 le cllagl o) Jaadl

b olia jla Le g s )SI Al 6 Gle cllagl oy 48Ul oDl o ose
AU le el s A8l @i (e oladV) dpalal A A8e @llia ) (5 (il o
O3 8 2

55



ol A} & yuria ua ) Ay jal) A Al L;Jll“ Juadll
(&

Gl o S S5 ol adizy I oSl Jaall e el 2
Y2 (m Ls¥) sl (pa aa g gl g 51 apaally s Ui i lly By sin )
Baaaiall cilEUal) 8 Lets g jaa

L s Al Al sl Lgle sale (g )5aa¥) 2l o 5l aaldie] Cand
oS IS il el s Bl g e e ) AY e s Al g S IS Gl
el iasal) Famill 5 Al e

O Al A A pedd Al o e L ) Ay il Al cald
Lo ) a5 ¢y s pSU ) A6 Sle clilen) s Saa¥)  Asall i) 5 48U @il
o

Je clilagl g A8l @Dlgial s  Jea¥) ol il g & jidie JalSS gay
RSP BS USRS

taa ) dall ) ) 28Ul Dol (e JaY I AL sl AMe aga g

inall ) ) AUl @I g il ana (e a1 8 jpal ClEe 25y
ey

1l 6 le il A8l dDlia) e Ja¥) dlsh dle asa
O Al

aash SB le Gl gas A8l @Bleinl o JaV) 3 jual A8e 29
Qs A
:Granger A ate JLGA) -

A8l gl sa ol saill (e oladV) Aol Ay aga g

aaS) AU Sle Gl s gba®BY) gaill (e oladY) dala) A A83e 2y
O S

2nS) AU le i) san 48Ul eDlgiul (e oladV) dgalal) Ay A8e dgay
Qs A

56



aaila



-

EOVEN

-

LIV ES

Akl Gleladin) alaea o) i A el A g @l aUaill ) gdat Al jo JOIA (g
LY Joaiay 48l dlagl el dxd A saal) dEUall jaleas Jo adiad
Jalat JOA ey il dilas g lal S) 5 A8SH L1 et Led oS LeSHGS Al 320l
e s paee JS5 3l olaay yilall (A s S sl S0 il
el ade o 5ilis s i Ldls oy ) 4y ) séaV) A8l LgaladinU

gaill g d8Uall Dlhala®) (g AS yide doleld ADle Gllia ol (G b Je ol
CuilSd Agiladl Sl lall =i Cinaia g WS G g SI 2as) S6 Sle il 5 gabai@y)
e Al slai¥) dpalal A A lia o) saay (e Lo dilis il Led Ay S
93n 5 dmpls Caes Gllb 5 agin A AB0le 3 a5 adc Ban g (e Ade g ol Y] 40U A
sl A e Ol el G A8Me 3 gm s a0 DA (e Jglaind el ol dungia g
Gl gaall  SIAN lasi) dsgie alaaliuly 1990-2022 3l JA ) el & cpad gall
ARDL 4e ) gall 4310 3l

sy A daua JLEA) Y )

e o s dalaiiyl ilads) J3A (e ) 3all 8 A8l L) a8lg 5y
S (b iy aall (e 20l gall o S JS5) adied Cus 2 lally el L) adiad
e 599 L (daad Al (5 HAY) s 1 Jlea) s Lgilaa s Apalai8y) Lgialai)

Al adl (B albaB) gaill o il L s slai@l) 83 508 dpea) A8
¢ Jally cleliall A& iy JS4 AL aladiu) o Cus dagsia dua 8 (A aad
ApalamV) ddadsy) dgle) 8 Jax

dpm B A and gy il Al sl Jany Lee 48l 3 58 Cililae ollia
Sl ol candll) Ay say) Gl jaliae e dasiall slde V) Cua dama
sy Flall i 8 aal Lea sl adl aliia) &l jle il dde iy ((pankal)
Al

A LA DA ey dagaia dpda i (A Dl prdall G A A0l da g
Ol ) s

A8 @il ) Jlea ) Jsall il (e olai¥) dpala) Ay 48Me 25

B le Cllagl A dlaa¥) sl il (e elad¥) dpolal 4 d8le 3o
O3S S|

2uS) 6l il gad 48Ul eDgiul (e olad¥) dgalal dpuw A8 dsa
s Sl

o) jal) gl / Ll
LAl gl ) Ulea 65 Cail g Bae (e Al all alail ey

58



-

dla
Aala8Y ) AS jall 8ol ) Camsy 51 40 0Y) & ASlgiuudl) 8Ll a5l g skt
)l g el
Cinpeal 5 (5 shnnall 35 jfin e Judlad) gaen o Ayl Y1 LAl 8 cpli
(e AldlSia @l paiall o) (gl 5% 4y sia (g giee die V) EAN die B e Lgmiea
(1) &8N
b 5 50 Aysiza (ssiue dio (bl gailly jalall JOV) zasall 4
O Eidie JalS5 A8 a5a s o pall Al Al A jdll Jadi g 4y jhiall 4yl
Ll il
4 sina 5 shue die (s 8l 2uS) (S0 Jle Sl palddl (AU Za el 8
QA 483le agmy o ati Al Al dpm i) Qg 4y jheal) dam il (b i %S
Gl paiall o d jida
omalll Ja¥) A (pad gaill o s
as) GG Sle clilagl JS a3 le gl of 1 gaaBY) salll alaid) J¥) zigadll e
& ) adh mUl GG le e Ll o) i A8l leiul s (s S
Sl sl il dayy 1% ey cliles¥) ana 33y e o) Gl ¢ il all
aa¥) aall il olayy 106 latey d8Uall Bl 30l ) (o (A 0.21% )
0.22% )i
D8l gl 4l Gl sl ) &y jle o o) selilandy) Gilasaay (laial) G zigadll e
Sle Ulay i dlall oDl S le o Wiy uadll Ja¥) 4 clilasy) e
10.37% ot bl 2la 35 104 ladas A8l eIt 3a) ) LalS Cua lileaty)

:ishall da¥) (A Gaad saill jadi il

Sis QY aaa S le o Ol 1Y) galll Cladaay (ghaiall J¥) zisalll o
Cllas¥) ana 33l die Ol @l (il ) ! sl gl oy jle ) e Ll
Al Mgl e o o 9.42%6 ey Maa¥) sl il (it 106 52
Dl salyy vie of ¢gh g jall Jaay) Jaall gl o5 jle sl e L) i
1.05% hiar (e ¥ (Aaall @lill ala 3 106 Jlaay 28U

S Alaa¥) sl ) o jle o o) setilady) cladaay ghaiall AU zigalll o
1% ke Maa¥) daall il 30l ) xie 4dl ) ) 8 Gl e Ll
Slila¥) e Lulayl i Al gl iy jle 515 1.15% iy Slilai) (aidls
6.75% _latay BV ala 3 106 laday d8Uall @lBlginl 33l ) die (gl

rte Alae B8 yadl e A HLIA) AL CWdS
A A ) Jaa Y] ) ) e oY) Lolal A 4D 35ms 0
5l it ) ) el ) (e olat¥] olal A e 55 @
RUTYE\RTNEY

59



EOVEN
2S) 5 e il s Z8Ual Dlginl (e olai¥) olal L ADAe 2925 0
058
:Z\M\J.ﬁ‘ Silua g8 /GG
Gl 8Y) ary anadd A Al jall a3 Aggudailly 4y plaill A jall aey
et Lo et S8 Sl il
& siia laidl ) Slaid¥) 8 4y s Alall Je JalSl) aldie V) (e Jsadll
Jlw e sl
Andie ) geay 48Ul aladiny JieY) Jeiay)
AlaiBY) A el ¢ g sadatall QUL a8 as il (9 jhall Judi
Goind g baaaiall pall Ul asll sa A sSall Clay s Ciluland) Juis
Aol Shune e
Lgale Ladlall 5 danll Al (il 8 Ganadiy e gall adud
O3SN aaS) il il Jal e daa A IS oLl sas Jladl) Jaall
sl yal) 38 /e
O b Ll Lol s iy eyl 53 8 daled) il sad) (he apaall daal e 3m
A Glal ag &g alal Ll 2085 Ledal Bajaa A glaa 3 jaa ol Jiad | ailEil) (yany
DS () (e EOlat s ] (e 3 3all rling 31 o gl gl g g sl 124 Jm
et KA g s sall 11 e (5 a0 il s Jsa ¢ saim i o)) 5 a) il la
L 31 U sl Al A 3 el iawal) el g AEURY ULaEl
Sall 8 dalxivall dpaiil) e saaaid) Al aladia) i1 e
bl jalas G JalSill a8 g A8l el Gleal Apalaid¥) cuil sall Cal iiul e
Haill 3 juas Jsall A saaaiall
Al il Jaal (5 U YT

60



@b—db dlaall daild



&‘J‘SU J.ALAAS\ a.«u\é

10l pall g jalaall daild

1 ad) gl yal) |

sgd)

2k oardll slia das i ALY iliad Aaliadl duatl) oy ALy ule 4iw 1
2022 A 03kl el el Jail de gana

bl e (el dea i el tisall dpatill Jadadi g aaalie 5 (sl ¢y JaS 3L 2
2021 dpoall laall S5 <1

Y @l paall & patia phy 1h Al Al aa ) (5 eai IS 3
2011

1999 ¢ pas 5 alall digalSY) Al Hla ¢ [da ddUall Jiiise (A alae 4

2015 « e el yal) dilasall S5 201 5% a3t B e sane e 5

colas cpaladl (553l 1 calsiveall peiill H15 8 aal) ¢ S aldl 3aa 6
2016

DSl ke e sl ALY Alasiul e Aaalil Al sl Cluagdl) rlide 2 saaa 7
2019 2l ¢ a4 )3S0Y) ¢ 2alall

2015 ¢ ad Jeiall LU caiil) Ll jaa ca0d ) deal (52 .8

2011 e caysill g il clae jla ]l 38l pac g 48l jlae Ao 9

(Jh (@loalls paey Wildl 8 saaaid) 48U clbabail lale dilae Al 10
2016 Al (3 ) ) Sl ja 5 Sla3 g pall S all

I 1y ¢ iy iy sanaiall Al A gl AN e (e b Qi 11
2020 Aial) ¢ ol gy el

- s laal)

510Y) Uae g salalls adlsl) CallSE (muddis saaiall ALl B Cllh (3

A ad) ¢4 2aell calaialy

24 332l sy aglell Alae caltivd) il dadad) Gaatl) ccpua pla o

2012 « il

W 3ls 30 5al 8 anaiall il 5 3aaaia i) CHBUAD Ngind adl 5 ¢ saiiad dun

(sl ] 23l (8 Alaall dpeSl) ApsbaiBY) clad all Alaa o slaBY) salll Lo

2022

Sl byl A Ll Gl sl edbaBY) o salll Gus dsesad

2011 «3all (27 38l cipdlaiBY) o slall sl 1S Alsa ¢(2008_1970)

oball A jall Alaall clglaal g daltiveall dpaiill o sgie ¢ Alu 55 paall e Ll

2021 ¢ yan ¢4 232l ¢y 583l

62



&‘J‘-“J dlaall aLild

& ganl) Alsa Al oW A8l jalias e JaaS 4o g 4l) 48U ¢ jUaell das) lae &) ja )

20171 «G3lall (15 aaall bl jaal)

¢ pal) baad g okl Adas yn @uj\ Juai¥) lils g daldiual) datil) ¢ Jad culd

il all 2 adl (3 alaall dpacadill Glai deldial¥l aslally 2SeV) dlag

2018 « i 32l

G bl Gl aladiul e Sl ealaBV) sl (gyals e e B e

2016 ¢ e 3222l (36 Aaall il o slall Asa i) Ul JaS ol el

Ssadll S ye Alaa casdyll Sl b Aol Apeil) Ul de ilaas e

2021 ¢ pan caaall @l ja 5 S 5 48 jrall

ALl sam s skl o e ) geal skl dea o a5 Al dse o 2ale

e ] 15 20a) iy s il Al clal ) puxill

dpaill Ja¥ Al flea 8 saaaiall A8 Lpaal Mol desa (Jalu deas

2008 45 )5 <06 23]l uall Ana ("ol inaall

aslall s il Aae ¢ Shaadlly calaay) Aalvical) Apaiill ( add AU ae 3l

2023 ¢ s o] 202l <9 alaall byl

sl Sl .

botadll laldl & ol saill Jle o il g ZaUall Sgiul ) shal ¢ jpanalae o 1
5 9380 Balgd Jail dadia 3 S0a ¢l oY) lal (pe Add 45l Al o A8l jaliadl
038 3ol dadla ¢ oS SlaBll aiads dplaiiy) aglall

s Lolricall Lpaiill Giad 5 a5 s20aiell 48Ul LlSa ccigy )l de Sy 55 2
Jilad Gacadd by aglall & jieale salgd Jal dadie 5,83 ¢ il 3all
2014 3 ) ) drdlas ¢ goliail

b Laldivedd) Apamll Gaisd Jal (e Al aadial 30U Guasd Al 58 3
panad’ (i gall B Hlad 8 5 g3 Balgd Jil At 3 )SAe el jall Clbabai@Y)
2018 ¢ il jadl Aald 1945 sle 8 Anala ¢dalicen dpaii g 4] 535 jlai

ol aival) Apaiill Aanl) alayy) Ao saaaiall Gl aladiul i) e jiaw 4
Gada oS SlaBl (aadd dalaBy) aslall 5580 saled Jail Aedia 5 S
2024 « 5l 3l cgal Sl

sailly s KU 2l 6 e il Alall Dl (il G a0 2eas 5
8algd Juil dania 38300 ¢(2018-1980) 3_yidll Al d 4l jo il jadl A galaidy)
2021 ¢l sV daals ¢ oS SlaBl [aiadd dplaB¥) aall 85 ) 580

Al Ay el (8 ol sall e oSl By i @ e Se 6
A8y slall 83 ) 53S0 Baled Jail dedia 3 S3a (1986 2017) 35l Joa

63



&‘J‘SU J.ALAAS\ a.«u\é

2018 ¢« Al

B 5588 Balgd Jail At 3 )S3a cdaldiieal) Agaiill g el A4S ga palld cpall 5
pulaad) aglallg (358l A0S iy ol dpulin Glalali (aadd dauliadl o 6lall
2018 <yl o] Axh daala

LSl Ak gl 4S80 Al Al pn il el & Al S A8l (g Al
¢] Cadan daals dpalall) asle aiadd b g3 Baled il dania B S0 ¢ LAl g

2014
1l palaal) .
A U el Allal dga pa Al jalae ¢ oapdall ¢ adall Jslae (lise #Sa ]
2023/2022 ¢«3) =l ¢ JLi¥) daala

sdaial) gl pall
. Edward A.Hudson ,Economic growth ,Vernon Art and Science Incorporated ,spain, 2020.
. JOHNR FANCHI , Energy In The 21st Century (2nd Edition), World Scientific
Publishing Company, Singapore,2011.
. Paresh Narayan and Seema Narayan, Savings Behaviour in Fiji: An Empirical
Assessment Using the ARDL Approach to Cointegration, Department of Economics
Discussion Papers, No. 02/03.
. Sara @vergaard <Issue paper: Definition of primary and secondary energy «Statistics
Norway Statistics Norway «September 2008.
. Sara @vergaard <Reference mentioned before.
. UN Statistics, “Global Indicator Framework for the Sustainable Development Goals and
Targets of the 2030 Agenda for Sustainable Development,” Developmental Science and
Sustainable Development Goals for Children and Youth, 2022 .
. Wolfgang Streicher and others <Renewable Energy <Springer Berlin Heidelberg <German «
2007.

14 g yisl) a8 g 7

https://algeriemaintenant.dz/2023/11 24 /05/2024
https://makingcity.eu/wp-content/uploads/2021/01/MCGUIDE-6.pdf 2024/05/22
https://news.radioalgerie.dz/ar/node/40963 24/05/2024
https://www.aljazeera.net/blogs/2018/8/29 24/05/2024
https://www.aljazeera.net/ebusiness/2020/5/10/ 2024/05/22

https://www.britannica.com/place/Algeria/Economy 24/05/2024

N o a k~ w D oE

https://www.eia.gov/international/content/analysis/countries_long/Algeria/background
.htm 24/05/2024

8. https://www.iberdrola.com/about-us/what-we-do/energy-electricity 2024/05/22

9. https://lwww.maghrebvoices.com/home-page/2024/02/24 24/05/2024

10. https://www.sonelgaz.dz/ar/category/history-ar 25/05/2024

64



@\ sl g Jalaall aLild
11. https://www.twinkl.com/teaching-wiki/alwqwd-alahfwry 2024/05/22

65



Badall Aaild



adkal) daild

https://www.enerdata.net/estore/energy-market/algeria/

https://www.statista.com/statistics/455775/urbanization-in-algeria/

67

@Dl daild
A ) @) i 3(1)Ealal)
<) glead) GDP ENE C02 K L TR UR
1990 6.2E+10 22.188 76737624 | 2.54E+10 | 5917000 59170 0.52085
1991 4 57E+10 | 23.47 78806830 | 2.31E+10 | 6633340 66333.4 | 0.52071
1992 4 .8E+10 24.024 79883310 | 2.12E+10 | 6870956 68709.56 | 0.53657
1993 4 99E+10 | 24.11 81943970 | 1.99E+10 | 7149879 71498.79 | 0.54439
1994 4.25E+10 | 23.24 88608390 | 2.08E+10 | 7429272 74292.72 | 0.55219
1995 4.18E+10 | 24.248 96776920 | 2.09E+10 | 7681165 76811.65 | 0.55997
1996 4.69E+10 | 23.478 1E+08 2.02E+10 | 7968414 79684.14 | 0.56774
1997 4.82E+10 | 24.059 88369416 | 1.94E+10 | 8233015 82330.15 | 0.57544
1998 4.82E+10 | 24.899 1.07E+08 | 2.34E+10 | 8477091 84770.91 | 0.58313
1999 4.86E+10 | 26.579 91449100 | 2.3E+10 8701391 87013.91 | 0.59118
2000 5.48E+10 | 26.999 85398600 | 2.42E+10 | 8926622 89266.22 | 0.59919
2001 5.47E+10 | 27.054 86839250 | 2.57E+10 | 9145785 91457.85 | 0.60712
2002 5.68E+10 | 28.938 90692380 | 2.79E+10 | 9355943 93559.43 | 0.61501
2003 6.79E+10 | 30.755 94580616 | 2.91E+10 | 9556009 95560.09 | 0.62284
2004 8.53E+10 | 31.137 91714220 | 3.15E+10 | 9747177 97471.77 | 0.63061
2005 1.03E+11 | 32.424 1.11E+08 | 3.4E+10 9916026 99160.26 | 0.6383
2006 1.17E+11 | 34.72 1.06E+08 | 3.61E+10 | 10077549 | 100775.5 | 0.64593
2007 1.35E+11 | 36.844 1.1E+08 3.98E+10 | 10244513 | 102445.1 | 0.65348
2008 1.71E+11 | 37.279 1.11E+08 | 4.47E+10 | 10402784 | 104027.8 | 0.66097
2009 1.37E+11 | 40.77 1.19E+08 | 4.87E+10 | 10551825 | 105518.3 | 0.66826
2010 1.61E+11 | 41.658 1.18E+08 | 5.21E+10 | 10832192 | 108321.9 | 0.6754
2011 2E+11 43.334 1.25E+08 | 5.36E+10 | 11067848 | 110678.5 | 0.68236
2012 2.09E+11 | 47.39 1.36E+08 | 5.74E+10 | 11293832 | 112938.3 | 0.68915
2013 2.1E+11 49.092 1.41E+08 | 6.24E+10 | 11793700 | 117937 0.69576
2014 2.14E+11 | 53.556 1.51E+08 | 6.64E+10 | 11279335 | 112793.4 | 0.70221
2015 1.66E+11 | 56.034 1.6E+08 7.01E+10 | 11709257 | 117092.6 | 0.70848
2016 1.6E+11 55.573 1.58E+08 | 7.26E+10 | 11918706 | 119187.1 | 0.71459
2017 1.7E+11 57.198 1.65E+08 | 7.51E+10 | 12069182 | 120691.8 | 0.72052
2018 1.75E+11 | 60.948 1.71E+08 | 7.69E+10 | 12225526 | 122255.3 | 0.72629
2019 1.72E+11 | 63.02 1.79E+08 | 7.42E+10 | 12402025 | 124020.3 | 0.73189
2020 1.46E+11 | 59.779 1.7E+08 7.03E+10 | 11881326 | 118813.3 | 0.73733
2021 1.63E+11 | 64.215 1.8E+08 7.44E+10 | 12202063 | 122020.6 | 0.74261
2022 1.95E+11 | 66.791 1.76E+08 | 7.62E+10 | 13023244 | 130232.4 | 0.74772
1O cilbhara 1 juaal)
&ﬁ“ Sl
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PPA I R LA (2)galal

UNIT ROOT TEST TAELE (PF)
At Level
LGDP LCO2 LEME LK LL TR UR LLLGDP
With Con... t-Statistic -0.4377 -0.3926 0.7534 01708 -1.0677 -1.7480 -3.6978 -0.4378
Prob. 0.8907 0.8989 0.9915 0.9662 0.7162 0.3980 0.0090 0.8907
nd no no no nd no = nd
(With Con... t-Statistic 21737 -2.4947 -21181 -3.1223 -1.1248 -1.5287 0.8183 -2.1670
Prob. 0.4873 0.3284 0.5167 0.1184 0.9088 0.7982 0.9996 0.4909
no no no no no no no no
Without C t-Statistic 1.3061 2.0803 6.2069 23198 26101 0.1898 10.8996 1.3004
FProb. 0.9483 0.9893 1.0000 0.9939 0.9970 0.7348 1.0000 0.9478
no no no no no no no no
At First Difference
d(LGDP) d{LCO2) d{LEMNE) diLK) diLL) d(TR) d(UR) d(LLLGDP)
With Con... t-Statistic -5.2329 -8.2388 -5.8455 -41781 -5.6139 -5.0123 -7.3883 -5.2056
Prob. 0.0002 0.0000 0.0000 0.0027 0.0001 0.0003 0.0000 0.0002
With Con... t-Statistic -5.1337 -8.1222 -6.0814 -4.0104 -5.6332 -4. 8767 -15.9210 -5.1075
Prob. 0.0013 0.0000 0.0001 0.0189 0.0004 0.0024 0.0000 0.0013
Without C t-Statistic -4.7980 -6.7183 -3.7000 -3.1916 -4 9220 -5.0916 -0.8043 -4.7794
FProb. 0.0000 0.0000 0.0006 0.0024 0.0000 0.0000 0.3594 0.0000
s o o o s o no s
- - - “ . .
Eviews12 L_l\AJM (GKTVEN A_J\.H\ dlae | e J.L.a.d\
“ < Y ” e -
L]
ADFA ) A) JLdd):(3)galall
UNIT ROOT TEST TABLE {ADF)
AtLevel
LGDP Lcoz2 LENE LK LL TR UR LLLGDP
With Con...  t-Statistic  -0.3287 1.2694 0.6192 0.5070 -1.2000 -1.7626 -3.2554 -0.3315
Prob. 0.9097 0.9977 0.9881 0.9843 0.6164 0.3915 0.0284 0.9092
nQ nd no no no nQ * no
\With Con...  t-Statistic  -1.9555 -2.7778 -2.1181 -3.3608 -0.8227 -1.5972 -2.8700 -1.9507
Prob. 0.6025 0.2170 0.5167 0.0748 0.9524 0.7717 0.1880 0.6050
no no no * no no no no
Without C...  -Statistic 1.4588 2.8769 5.5597 31329 26262 0.1466 -2.3185 1.4513
Prob. 0.9611 0.9984 1.0000 0.9992 0.9971 0.7218 0.0225 0.9605
no nQ ni ng ni no * ni
At First Difference
d(LGDP)  d{LCO2)  d(LENE) d(LK) diLL) d(TR) d(UR)  d(LLLGDP)
With Con...  t-Statistic  -5.2367 -8.1818 -4.0572 -3.4069 -5.6057 -5.0401 1.4432 -5.2078
Prob. 0.0002 0.0000 0.0038 0.0187 0.0001 0.0003 0.9986 0.0002
. o . - i . no i
\With Con..  t-Statistic  -5.1352 -4.2550 -4.3432 -4.0862 -5.6304 -5.3488 -1.9408 -5.1078
Prob. 0.0012 0.0125 0.0090 0.0159 0.0004 0.0008 0.6025 0.0013
. . . o v . no i
Without C t-Statistic -4.7612 -1.0515 -0.4759 -1.6268 -1.7669 -5.1168 -2.9041 -4.7418
Prob. 0.0000 0.2563 0.5003 0.0968 0.0735 0.0000 0.0056 0.0000
e no no = * e i o
otes: (*)Significant at the 10%,; (**)Significant at the 5%; (***) Significant at the 1%. and (no) Mot Significant
FMacKinnon (1996) one-sided p-values

Eviews12 <la yde s Al dlac ] (a1 jduaall

GDP 43l jiiad JLad) 3(4)Galal)

Mull Hypothesis: D(LGDP) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=8)
t-Statistic Prob.®
Augmented Dickey-Fuller test statistic -5.236683 0.0002
Test critical values 1% level -3.661661
5% level -2 960411
10% level -2 619160
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LGDP 2)
Method: Least Squares
Date: 05/22/24 Time: 11:55
Sample (adjusted). 1992 2022
Included observations: 31 after adjustments
Variable Coeflicient Std. Error t-Statistic Prob
DILGDP(-1)) -0 874628 0167019 -5.236683 0.0000
c 0042874 0023229 1.845703 0.0752
R-squared 0486024 Mean dependentvar 0.015543
Adjusted R-squared 0468301 S.D. dependentwvar 0.172835
S.E. ofregression 0126028 Akaike info criterion -1.242290
Sum squared resid 0460606 Schwarz criterion -1.149774
Log likelihood 21.25549 Hannan-Quinn criter. -1.212132
F-statistic 2742285 Durbin-Watson stat 1.874586
Prob(F-statistic) 0.000013
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Mull Hypothesis: DILEMNE) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*
Avgmented Dickey-Fuller test statistic -5.854471 0.0000
Test critical values: 1% level -3.661661
5% level -2.960411
10% level -2.619160
*MackKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LENE, 2}
Method: Least Squares
Date: 05/22/24 Time: 11:56
Sample (adjusted): 1992 2022
Included observations: 21 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
CH{LEMNE-1)) -1.077398 01584030 -5.854471 0.0000
C 0.036390 D.opgo7s 4.002488 0.0004
R-squared 0541682 Mean dependentwvar -0.000543
Adjusted R-squared 0.525878 S5.D. dependent var 0.052787
S.E. ofregression 0.036347 Akaike info criterion -3. 729053
Sum squared resid 0.0383213 Schwarz criterion -3.636528
Log likelihnood 59 80032 Hannan-Quinn criter. -3.698895
F-statistic 24 27482 Durbin-Watson stat 1.997433

Prob(F-statistic) 0.000002
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Mull Hypothesis: D(LCO2) has a unit root
Exogenous: Constant
Lag Length: O {(Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -8.181829 0.0000
Test critical values 1% level -3. 661661
5% level -2.960411
10% level -2.619160
*MacKinnon (1995) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LCO2,2)
Method: Least Squares
Date: 05/22/24 Time: 11:56
Sample (adjusted): 1992 2022
Included cbservations: 21 after adjustments
Variable Coefficient Std. Error t-Statistic Frob.
DHLCO2(-1)) -1.4032217 0171504 -83.181829 0.0000
c 0.037088 0.012874 2880895 0.0074
R-squared 0.697735 Mean dependent var -0.001560
Adjusted R-squared 0.687312 S.D. dependent var 0119241
S.E. of regression 0.066678 Akaike info criterion -2.515543
Sum squared resid 0.128933 Schwarz criterion -2423028
Log likelinood 40.99092 Hannan-Quuinn criter. -2.485385
F-statistic 66.94232 Durbin-Watson stat 2030614
FProb(F-statistic) 0.000000

Eviews12 <ala yda s AUl dlac) (e 1 jduaal)

LL o 80 (7) kel

69




adkal) daild

Mull Hypothesis: D(LL) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=2a)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -5 605677 0.0001
Test critical values: 1% level -3.661661
5% level -2.960411
10% level -2.619160
*MacKinnon (1996) one-sided p-values
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LL,2)
Method: Least Squares
Date: 05/22/24 Time: 11:59
Sample (adjusted); 1992 2022
Included observations: 31 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
D{LL-1)) -1.058380 0.188805 -5 605677 0.0000
c 0.039070 0.016341 2390929 0.0235
R-squared 0520055 Mean dependentvar -0.002817
Adjusted R-squared 0.503505 S.D.dependentwvar 0.114831
S.E. of regression 0.080913 Akaike info criterion -2.128549
Sum squared resid 0.189860 Schwarz criterion -2.036033
Log likelihood 34.99251 Hannan-CQuinn criter. -2.098391
F-statistic 3142361 Duwurbin-Watson stat 1.925821
Prob{F-statistic) 0.000005
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Mull Hypothesis: D(TR) has a unit root
Exogenous: Constant
Lag Length: O (Automatic - based on SIC, maxiag=8})
t+Statistic Prob.*
Augmented Dickey-Fuller test statistic -5.040147 0.0003
Testcritical values 1% level 3661661
5% level -2.9650411
10% level -2.619160
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: DITR, 2}
Method: Least Squares
Date: 05/22/24 Time: 12:00
Sample (adjusted) 1992 2022
Included observations: 31 after adjustments
wariable Coefficient Std. Error t-Statistic Prob
D{TR(-1)} -0.945195 0187533  -5.040147 0.0000
c 0.001955 0.008578 0.227920 0.8213
R-squared 0466942 Mean dependentvar 0.000487
Adjusted R-squared 0.448561 S.D. dependent var 0.064279
S.E. of regression 0.047733 Akaike info criterion -3.184049
Sum squared resid 0.066075 Schwarz criterion -3.091534
Log likelihood 51.35277 Hannan-Quinn criter. -3.153892
F-statistic 2540309 Durbin-Watson stat 1.847031
Prob(F-statistic) 0.0000232
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Mull Hypothesis: DOUJR) has a unit root
Exogenous: Constant
Lag Length: 1 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.=~
Augmented Dickey-Fuller test statistic -3.901294 0.0057
Test critical values %G level -3 670170
526 level -2 963972
10%6 level -2 621007
“Mackinnon (1996} one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variaole: D{UR,2)
Method: Least Sguares
Date: 05/22/24 Time: 12:01
Sample (adjusted) 1993 2022
Included cbservations: 20 after adjustments
wariable Coefficient Sta. Error t-Statistic Prob
DHUR-13) -0 327577 0083966 -3 901294 0.0006
DURC-1TRL2) -0 256399 0045897 -5 586398 0.0000
= 0002111 0000622 2. 392861 0.0021
R-squared 0878298 Mean dependentvar -0.000358
Adjusted R-squared 0869284 S D. dependentwvar 0.001455
S.E. of regression 0.000526 Akaike info criterion -12.18812
Sum squared resid 7 47E-06 Schwarz criterion -12. 02800
Log likelihood 185 5217 Hannan-Quinn criter. -12.12339
F-statistic 97.42711 Durbin-Watson stat 0.680780

Prob(F-statistic) 0000000
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Fixed regressors: C

and covariance

Dependent Variable:
Method: ML ARCH - (BFGS / Marquardt steps)

Date: 05/19/24 Time: 10:21

Sample (adjusted): 1994 2022

Included observations: 29 after adjustments

Maximum dependent lags: 4 (Automatic selection)

Model selection method: Akaike info criterion (AIC)

Dynamic regressors (4 lags, automatic): LCO2 LENE LK LL

Number of models evalulated: 2500
Selected Model: ARDL(3, 4, 4, 4, 1)
Huber-White-Hinkley (HC1) heteroskedasticity consistent standard errors

LGDP

Variable Coefficient Std. Error t-Statistic Prob.*
LGDP(-1) 0.486273 0.344768 1.410434 0.1961
LGDP(-2) 0.003276 0.162182 0.020200 0.9844
LGDP(-3) 0.388903 0.223299 1.741622 0.1197
LCO2 0.211743 0.731420 0.289496 0.7796
LCO2(-1) -0.972912 0.672047 -1.447684 0.1857
LCO2(-2) -0.461642 1.001747 -0.460837 0.6572
LCO2(-3) 1.431881 0.682618 2097631 0.0692
LCO2(-4) -1.354117 0.638803 -2.119773 0.0668
LENE 0.224204 1.159151 0.193421 0.8515
LENE(-1) -1.906154 0.932466 -2.044207 0.0752
LENE(-2) -0.953292 1.418945 -0.671831 0.5206
LENE(-3) -1.404146 1.355827 -1.035638 0.3307
LENE(-4) 4167701 1.367957 3.046661 0.0159
LK 0.325960 1.682288 0.193760 0.8512
LK(-1) -1.324172 1.839853 -0.719716 0.4922
LK(-2) 2.324968 1.345596 1.727835 0.1223
LK(-3) -2.322125 0.964691 -2.407119 0.0427
LK(-4) 0.847125 0.752480 1.125776 0.2929
LL 0163488 0697122 0234519 08205 |
LL(-1) 0.866142 0.619779 1.397502 0.1998
C 11.54797 22.09573 0522634 06154
R-squared 0.992721 Mean dependentvar 25.39439
Adjusted R-squared 0.974524 S.D. dependentvar 0.592280
S.E. of regression 0.094535 Akaike info criterion -1.719279
Sum squared resid 0.071494 Schwarz criterion -0.729168
Log likelihood 4592955 Hannan-Quinn criter. -1.409189
F-statistic 5455416 Durbin-Watson stat 1.875290
Prob(F-statistic) 0.000002

selection.

*Note: p-values and any subsequent tests do not account for model
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Breusch-Godfrey Serial Correlation LM Test:

F-statistic
Obs"R-squared

2.973084 Prob. F(2,5) 0.1410
15.75335 Prob. Chi-Square(2) 0.0004
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Heteroskedasticity Test: Breusch-Pagan-Godfrey
Null hypothesis: Homoskedasticity

Heteroskedasticity Test. ARCH

F-statistic 1323352 Prob. F(20,8) 03559 || opare
Obs*R-squared 2226893 Prob. Chi-Square(20) 03281 || Fstatistic 0264095 Prob. F(1,26) 06117

Scaled explained SS 1598946 Prob. Chi-Square(20) 1.0000 || Obs’R-squared 0.281550 Prob. Chi-Square(1) 0.5957
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¢ Series: Residuals
7 Sample 1984 2022
6 OCbservations 29
5
Mean 7.41e-15
4 Median -0.0080%8
3 Maximum 0.097958
2 Minimum <0.121583
Std. Dev. 0.050531
1 - . Skewness 0.005548
o Kurtoss 2.887037
0.10
Jarque-Bera  0.015573
Probability 0.552244
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F-Bounas Test MNull Hypothesis: No levels relationship
Test Statistic Value Signif. (o) 1)
Asymptotic: n=1000
F-statistic “4.666169 1026 2.2 3.09
LS a 526 256 3 a9
2.5%6 2.88 3.87
126 3.29 4.27
Actual Sample Size 29 Finite Sample: n=35
10%6 2.46 3.46
5% 2. 947 4 088
126 40932 5.532
Finite Sample: Nn=30
10%6 2.525 3.56
5% 3.058 a.223
196 a.28 5 8a
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ARDL Long Run Form and Bounds Test
Dependent Variable: D(LGDP)
Selected Model: ARDL(3,. 4, 4, 1)
Case 2: Restricted Constant and No Trend
Date: OS/19/24 Time: 10:27
Sample: 1990 2022
Included observations: 29
Conditional Error Correction Regression
Variable Coefficient Sta. Error t-Statistic Prob
< 24 19972 0.477194 0.6460
LGDP(-1)" 0.205178 -0.398287 0.7008
LCO2¢-1) 0.895416 -1.278787 0.2368
LENE(G-1) 1.637536 0.078357 0.9395
LIK(C-1) 1.260616 -0.117597 0.9093
LLG-1) 0.399523 2577149 0.0328
D(ILGDP((-1) 0.313869 -1.2495S00 0.2468
DLGDP(-2)) 0276232 -1.407887 0.1968
D(LCOo2) 0.807847 0.262108 0.7999
D(LCO2¢-1) 0.743620 0.516229 06197
DLCOo2¢-2) 0.758759 -0.102488 0.9209
D(LCO2(-3)) 0.604761 2 239095 0.0555
D((LENE) 1.014043 0.221099 0.8306
DLENEG1)) 1.605422 -1.127594 0.2922
D(LENEG-2)) 1.13387S5 -2.437267 0.0407
D(LENEG-3)) 1.522856 -2.736766 0.0256
DLK) 1.463187 0.222774 0.8293
DK1Y 0.966078 -0.879812 0.4046
DLK-2)) 1.270614 1.160857 0.2792
D(LK(-2)) 0.900780 -0.940435 0.3745
DL 0.669224 0.24429S5 o.8132
* p-value incompatible with t-Bounds distribution.
Levels Equation
Case 2: Restricted Constant and No Trend
Variable Coefficient Std. Error t-Statistic Prob.
LCO2 -9.420508 29.84632 -0.315634 0.7604
LENE 1.055655 14.89535 0.070871 0.9452
LK -1.219638 12.48813 -0.097664 0.9246
e 8.470957 23.80241 0.355887 0.7311
C 95.00720 406.7288 0.233589 0.8212
EC = LGDP - (-9.4205"LCO2 + 1.0557"LENE -1.2196"LK + 8.4710"LL +
95.0072)
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ARDL Error Correction Regression
Dependent Variable: D(LGDP)
Selected Model: ARDL(3, 4,4, 4, 1)
Case 2: Restricted Constant and No Trend
Date: 05/19/24 Time: 10:29
Sample: 1990 2022
Included observations: 29
ECM Regression
Case 2: Restricted Constant and No Trend
Variable Coefficient Std. Error t-Statistic Prob.
D(LGDP(-1)) -0.392179 0.139503 -2.811252 0.0228
D(LGDP(-2)) -0.388903 0.147157  -2.642781 0.0296
D(LCO2) 0.211743 0.318440 0.664938 0.5248
D(LCO2(-1)) 0.383878 0.374353 1.025444 0.3352
D(LCO2(-2)) -0.077764 0.371610  -0.209261 0.8395
D(LCO2(-3)) 1.354117 0.346205 3.911317 0.0045
D(LENE) 0.224204 0.579157 0.387121 0.7088
D(LENE(-1)) -1.810263 0.589079  -3.073039 0.0153
D(LENE(-2)) -2.763555 0.621526  -4.446400 0.0021
D(LENE(-3)) -4.167701 0.810124  -5.144526 0.0009
D(LK) 0.325960 0.656539 0.496483 0.6329
D(LK(-1)) -0.849967 0.563358 -1.508751 0.1698
D(LK(-2)) 1.475001 0.518781 2.843205 0.0217
D(LK(-3)) -0.847125 0.436408  -1.941129 0.0882
D(LL) 0.163488 0.252919 0.646405 0.5361
CointEq(-1)* -0.121548 0.018020 -6.745009 0.0001
R-squared 0.847722 Mean dependentvar 0.046968
Adjusted R-squared 0.672017 S.D. dependentvar 0.129491
S.E. of regression 0.074159 Akaike info criterion -2.064107
Sum squared resid 0.071494 Schwarz criterion -1.309737
Log likelihood 4592955 Hannan-Quinn criter. -1.827847
Durbin-Watson stat 1.875290
* p-value incompatible with t-Bounds distribution.
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Dependent Variable: LCO2
Method: ARDL
Date: 05/25/24 Time: 19:32
Sample (adjusted): 1993 2022
Included observations: 30 after adjustments
Maximum dependent lags: 3 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Dynamic regressors (3 lags, automatic): LENE LGDP LLLGDP TR UR
Fixed regressors: C
Number of models evalulated: 3072
Selected Model: ARDL(3, 3,0, 0, 0, 3)
Variable Coefficient Std. Error t-Statistic Prob.”
LCO2(-1) -0.479697 0.153681 -3.121383 0.0070
LCO2(-2) 0.035331 0.123663 0.285707 0.7790
LCO2(-3) 0.236628 0.144793 1.634249 0.1230
LENE 1.037912 0.311408 3.332968 0.0045
LENE(-1) 0.129093 0.268758 0.480332 0.6379
LENE(-2) -0.107376 0.238151 -0.450875 0.6585
LENE(-3) 0.791047 0.356324 2.220025 0.0422
LGDP 14.72425 3.781996 3.893249 0.0014
LLLGDP -0.282673 0.073647 -3.838236 0.0016
TR -0.902045 0.209027 -4.315452 0.0006
UR 25.05649 75.46468 0.332029 0.7445
UR(-1) -139.0147 75.96162 -1.830064 0.0872
UR(-2) 72.01563 12.14569 5.929316 0.0000
UR(-3) 30.94380 7.283658 4.248388 0.0007
c -167.2588 47.66438 -3.509094 0.0032
R-squared 0.992294 Mean dependentvar 18.59344
Adjusted R-squared 0.985102 S.D. dependentvar 0.264988
S.E. of regression 0.032343 Akaike info criterion -3.717962
Sum squared resid 0.015691 Schwarz criterion -3.017363
Log likelihood 70.76943 Hannan-Quinn criter. -3.493834
F-statistic 137.9724 Durbin-Watson stat 2778704
Prob(F-statistic) 0.000000

sl A Bl ) LGS 2(19) GEalall

Breusch-Godfrey Serial Correlation LM Test:
Null hypothesis: No serial correlation at up to 3 lags

F-statistic 2.481840 Prob. F(3,12) 0.1108
Obs*R-squared 11.48674 Prob. Chi-Square(3) 0.0094
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Heteroskedasticity Test: Breusch-Pagan-Godfrey
Null hypothesis: Homoskedasticity

Heteroskedasticity Test ARCH

F-statistic 0.897159  Prob. F(14,15) 05780
Obs*R-squared 13.67212 Prob. Chi-Square(14) 04744
Scaled explained S8 4948230 Prob. Chi-Square(14) 0.9865

0.0647
00612

F-statistic
0bs*R-squared

3710453 Prob. F(127)
3503795 Prob. Chi-Square(1)
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Series: Resdusls
Sample 1993 2022
Opearvation: 30
Mean 18015
Modan 0002018
Maomum 0.051991
Minimum 0057851
Std. Dew 0023261
Skewnsss 0017904
Kurtases 3893370
JarqueBora 1002341
0.04 0.08 Probabdty  0.603639
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F-Bounds Test MNull Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) 1)
Asymptotic: n=1000
F-statistic 12.27952 10% 2.08 3
K 5 5% 2.39 3.38
2.5% 27 3.73
1% 3.06 4.15
Actual Sample Size 30 Finite Sample: n=30
10% 2.407 3.517
5% 2.91 4.193
1% 4.134 5.761
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ARDL Long Run Form and Bounds Test
Dependent Variable: D(LCO2)

Selected Model: ARDL(3, 3,0,0,0, 3)
Case 2: Restricted Constant and No Trend
Date: 05/25/24 Time: 19:34

Sample: 1990 2022

Included observations: 30

Conditional Error Correction Regression

Variable Coefficient Std. Error t-Statistic Prob.
C -167.2588 47.66438 -3.509094 0.0032
LCO2(¢-1)" -1.207738 0.183593 -6.578329 0.0000
LENE(-1) 1.850676 0.339831 5.445872 0.0001
LGDP™* 14.72425 3.781996 3.893249 0.0014
LLLGDP*" -0.282673 0.073647 -3.838236 0.0016
R -0.902045 0.209027 -4.315452 0.0006
URC(1) -10.99874 2.114847 -5.200725 0.0001
D(LCO2(-1)) -0.271959 0.158390 -1.717027 0.1065
D(LCO2(-2)) -0.236628 0.144793 -1.634249 0.1230
D(LENE) 1.037912 0.311408 3.332968 0.0045
D(LENE(-1)) -0.683671 0.360832 -1.894706 0.0776
D(LENE(-2)) -0.791047 0.356324 -2.220025 0.0422
D(UR) 25.05648 75.46468 0.332029 0.7445
D(UR(-1)) -102.9594 17.82765 -5.775267 0.0000
D(UR(G2)) -30.94380 7.283657 -4.248388 0.0007

* p-value incompatible with t-Bounds distribution.
** Variable interpreted as Z = Z(-1) + D(2).

Levels Equation

Case 2: Restricted Constant and No Trend
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ARDL Error Correction Regression
Dependent Variable: D(LCO2)

Selected Model: ARDL(3, 3, 0, 0, O, 3)
Case 2: Restricted Constant and No Trena
Date: OS/25/24 Time: 19:34

Sample: 1990 2022

Included observations: 30

ECM Regression

Case 2 Restricted Constant and No Trena

Variaple Coefficient Stda. Error t-Statistic Prob
DICo2c¢-1)» -0.27 1959 0.080705 -3.369814 0. 0042
DaLco2-2» -0.236628 0.081501 -2.903372 O0.0109

DILENE) 1.037912 0.1S4073 6. 736488 0.0000
DILENEG-1TY -0.683671 O0.159352 -4.290319 O0.0006
DILENEC2Y -0.791047 0.15S35S57 -5.151474 O0.000"1

DuUR) 2S5 05648 11.1352S 2.250196 0.0399
DURG1TY -102.9594 12.59104 -8.177199 O.0000
DURGE2Y -30.94380 S. 758867 -5.37324S 0.0001

CointEqQ(-1)" -1.207738 O0.1171009S -10.96993 O.0000
R-squaread 0.89767S Mean dependent var 0.026396
Adjusted R-sqQuared 0.858694 S.D. dependent var 0.072718
S E. of regression 0.02733S Akaike info criterion -3 . 117962
Sum squared resia 0.01S691 Schwarz criterion -2.697602
Log likelihooa 70.76943 Hannan-Quinn criter -3.98348S
Durbin-VWatson stat 2. 778704

= p-value incompatible with t-Bounds distribution.
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Pairwise Granger Causality Tests
Date: 05/24/24 Time: 09:23
Sample: 1990 2022

Lags: 1

Null Hypothesis: Obs F-Statistic Prob.
LENE does not Granger Cause LGDP 32 0.70658 0.4075
LGDP does not Granger Cause LENE 6.87182 0.0138
LCO2 does not Granger Cause LGDP 32 0.06926 0.7943
LGDP does not Granger Cause LCO2 5.59382 0.0249
LCO2 does not Granger Cause LENE 32 0.13940 0.7116
LENE does not Granger Cause LCO2 10.1739 0.0034
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