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Abstract:

This research paper aimed to analyze the asymmetry in the impact of
renewable energy consumption on economic growth in Morocco during the
period (1971-2015). The research paper used a relatively recent
econometric methodology where it was applied the Nonlinear Auto
Regressive Distributed Lag (NARDL) model, which was developed by
Shane et al 2014, as well as to the Granger Causality Test. The results
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indicated that there is a long-term balance relationship, that is, a common
integration relationship between renewable energy consumption and
economic growth in Morocco. The results also showed that there is an
asymmetry in the impact of renewable energy consumption on economic
growth in Morocco. The causality test concluded that there is a causal
relationship in one direction between renewable energy consumption and
economic growth going from renewable energy consumption to economic
growth, which means that renewable energy consumption has a very
important impact of economic growth in Morocco.
Key words: Renewable Energy, Economic Growth, Morocco,
Granger Causality Test, NARDL Model.
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1 - - -4.15 2.2 0.06 (3) 1.73 (3) GDP
€] 3.36(2)*** 5.19(2)*** (2)*** 4(3)

1 - - - - -2.98(0) -2.03(0) REC
(&) 5.87(0)*** 6.22(0)*** 6.26(0)*** 2.47(0)

] - - - 49 -1.64(0) 1.07(0) co2
€] 0.99(3)*** 8.06(0)*** 7.73(0)*** 1(0)

] - - - 15 -1.84(0) -2.15(0) TO
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] - - - 2.4 -0.94(2) 0.79(2) GFC
(&N 2.48(1)** 4.48(1)*** 4.87(0)*** 42) F
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1 - - - 135 0.59(3) 5.38 G
(@) 4.27(5)*** 10.61(4)*** 7.83(5)*** 8(2) ©) DP
1 - - - - -2.98(0) - R
(@) 5.87(0)*** 6.21(2)*** 6.26(2)*** 2.47(2) 2.03(0) EC
1 - - - 6.16 -1.53(1) 1.60 C
(@) 5.24(1)*** 8.34(3)*** 7.75(2)*** 4) (5) 02
1 - - - 1.01 -2.13(2) - T
(@) 8.18(1)*** 8.26(3)*** 8.29(2)*** %) 1.33(1) 0
1 - - - 357 -1.14(3) 1.12 G
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Bounds Test agaal) jLad) ailis (V) a8, Jgaa

Null Hypothesis: No levels relationshipF-Bounds Test

1(1) 1(0) Signif. Value Test Statistic
Asymptotic:
n=1000
3 2.08 10% 6.005322 F-statistic
3.38 2.39 5% 5 k
3.73 2.7 2.5%
4.15 3.06 1%
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Levels Equation
Case 2: Restricted Constant and No Trend

Prob. t-Statistic Std. Error  Coefficient Variable
0.0266 0.221779 7.89E+08 1.75E+08 REC_POS
0.0171 1.634358 3.07E+09 5.01E+09 REC_NEG
0.0027 3.396617 544616.2 1849853. co2
0.0489 2.090272 1.995017 4.170129 GFCF
0.0510 -2.070182 6.10E+10 -1.26E+11 TO
0.0437 2.146699 3.98E+10 8.54E+10 C
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(s s Jalea glia) o gl £ (8 i

S g (o sira JSdy ABUY eDIgiu Aulagy) dadall bl ) glidl) g Las
Gk (s st Sy Jag 5 Al DLW Llud) Ladal) G g aladY) gallly
() GO ) Aad) Lesall Gl XS L el sad) o ol sailly
b csaiiad) A8 1Y) Al L) ads Aall) o L galal®Y) salll ae dyajk ABNe
Sl e abad ccpal) B oply) Abdd 8 AUl aladda) Bab3l Aglas
NG asal) g ualll gaddl ui: gdhﬂﬁ‘}”

W sla (D(REC_POS)) sasaiall 4dUall da gal) 4l il of Cuag
La s (D(REC_NEG)) $asaial) AdUall ALl 4 5l pla cun B (Liginag
Wald test g JLos) aladdialy Silal Lol abll o diuy g .G ginag

ECM Usil) zraaaai g3 gpad it el 1(0) a8, Jgaa

ECM Regression

Case 2: Restricted Constant and No Trend
Prob. t-Statistic Std. Error Coefficient “Wariable
0.0053 -3.109017 o.121622 -0.378123 D{GDP{-1))
0.0000 0.000000 2.38E+08 -53207970 D(REC_FPOS)
00000 0000000 5.22E+08 S.O1E+08 D{REC_MNEG)
0.0000 0.000000 4 BTE+0B 1.01E+08 D(REC_MNEG(-1))
00000 0000000 4 18E+08 -1.26E+08 D{REC_MNEG({-2))
0.1798 1.387730 116325.8 161428.8 D{CO2)
0.0354 -2.249125 140532.1 -316074 .4 D{CO2(-1))
00020 3.533503 0206371 0.729213 D{GFCF)
0.0012 -3.746239 0.Z228844 -0.857305 D(GFCF(-1))
0.5514 -0 605361 0.232546 -0. 140774 D(GFCF(-2}))
00000 0000000 5. 90E+09 =3.05E+10 DTO)
0.0000 0.000000 6.44E+09 1.83E+10 D(TO-1))
00000 0000000 5.5TE+0Q 6.61E+09 D{TO-2})
0.0000 -7.381727 0.041377 -0.304193 CointEq(-1)~
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Wald Test:
Equation: NARDL
Probability df Value Test Statistic
00988 21 1.727215 t-statistic
0.0988 {1, 21) 2983271 F-statistic
0.0841 1 2983271 Chi-sgquare
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Heteroskedasticity Test
Opbl) ) A lid) il o(V) a8 Jeda

¢ 5 JgaY) Ao AlliaY) Aol
sy
Breusch- F- 0.718003 Prob. 0.7592
Pagan- statistic F(18,21)
Godfrey
Harvey F- 0.807733 Prob. 0.6739
statistic F(18,21)
ARCH F- 1.910485 Prob.
statistic F(1,37) 0.1752
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LM F- 0.714537 Prob.

Test statistic F(2,19) 0.5021
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Jarque-Bera Test JLidl gilii (V) a8, Jsi

7
Series: Residuals
6 Sample 1975 2015
Observations 40
5
Mean 9.37e-06
4 Median 44164684
Maximum 1.60e+09
3 Minimum  -2.50e+09
Std. Dev. 8.49e+08
2 Skewness -0.682412
1 Kurtosis 3.655238
0 l l l l lll Jarque-Bera  3.820132
-2.0e+09 -1.0e+09 2500.00 1.0e+09 Probability 0148071
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CUSUM Test

is

10

-10

-15

cusum 5% Significance
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CUSUM of gisall cOlleal Uil il a8 il 8sd s g
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Gl LAY il el Labie —dadal S8 DA cdlaleal) )il o
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aladiuly ACel ) EIaN) Lad) o(0) ab, J<
CUSUM of Squares Test

1.4
1.2
1.0 o
0.8 e
0.6 - -+
0.4 / —
0.2 o 1
0.0 — - —
~0.2
_0.4
1980 1985 1990 1995 2000 2005 2010

CUSUM of Squares 5% Significance
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1.2E+11
Forecast: GDPF
1.0E+11 Actual: GDP
Forecastsample: 19712015
8.0E410 Adjusted sample: 1975 2015
' - Included observations: 40
Root Mean Squared Error  8.67E+08
6.0E+10 e — Mean Absolute Error  6.71E+08
o — Mean Abs. Percent Error 1.509536
4.0E+10 T Theil Inequality Coefficient 0.007216
-1 Bias Proportion 0.000018
2.0E+10 = — Variance Proportion 0.003903
Covariance Proportion 0.996079
0.0E+00 Theil U2 Coefficient 0.312185
1975 1980 1985 1990 1995 2000 2005 2010 Symmetric MAPE 1.502157
—— GDPF +2S.E
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A Jia ool galll g Basaial) ABUaY oDigiad cp Asad) A A
4 jag f(Bayar, Gavriletea, 2019) 4ul_as <*"(Singh, et al, 2019)
Khobai, 4w «"*(Soava, et al, 2018) 4wl 1y < °(Tarig, et al, 2018)
.Y(Le Roux, 2018)
Pairwise Granger Causality Al < lad) gilis :(3) a8, Joaa

Pairwise Granger Causality Tests
Sample: 1971 2014
Lags: 2
Prob. F-Statistic Obs MNull Hypothesis:

01797 1.79853 42 REC does not Granger Cause GDP
0.0262 4.02540 GDPF does not Granger Cause REC
0. 1987 1.68844 42 GFCF does not Granger Cause GDP
0.0745 2.78737 GDP does not Granger Cause GFCF
0.1382 2.08903 42 TO does not Granger Cause GDP
0.0340 3I.71034 GDP does not Granger Cause TO
04189 0.89083 42 CO2 does not Granger Cause GDP
01899 1.73835 GDF does not Granger Cause CO2

Eviews 10 gl Ao alaie¥l Laldl das) a1 jdadll
il gsilly adleasll

O ABlal) B Bl s o BUI s Al LY Adal) 48,0 ol o
Qi) b golaly) gl o calladly qungal) Lgldy Saaaiall ASUal) Dlgiul
Al Coa Lol Agaa puld dagia aladicd ai dbg ((Yere —14VY) 3l DA
sush sl g NARDL hill ;& g sl sUadll AN Jaad) zisal (ks
O ABaY o a8 o gpisad) i aghy dua YaVE e 54,40 4Shin
o DA a8 o ey Al ¢ Alilaie < Y 2B Apaladiy) c i)
Ada) 4Bl cuaniiad i .l cld] 8 ANl dliy A sal) clasal il
Sasaiall ABUal) Dlgiud (o Apad) ABAY sladl o chaill o) e A Ld)
cgban®y) gaill g

6 SaY) Alygh o i Jalsi Ae Gl o) el Gadall) il o jLal 8
@ i) g (g alaiy) galll g Sasaial) ABUal oDlgiad Gm Ja¥) Alysh 4y g A
2 A B e A s Al il o lal SlliS r gl B 5 s) o AY)
e g gl Juasil Al LS L galaiBY) gail) g Basaial) AUl eDlgin) G Alilaia




YN dan) ¢ BN saa) ¢ g pdadl g SN Alaal)

D) (o A (g aiBY) gall) g Sanaial) ABURY eDlgind C da) g olad) B A
Ll Jo gl ol aSiy gl B gabai) gl L) Saaniall Ad
cgieally laiBY) galll el 8 Basaial) A8Ual) eDigiu)

O gplibind (e oSail o (Ll Jdasl) o did slas¥) K5 13 Jull
sl o @l L sasddd) Al eDlgiul B Al Adud clesall
Gl A Sasaiall AUl eDlgiad o ) adid Y daga Aagill oda L g abaidy)
O Al pal) CuSa o5 cpay Ll Gl GBS aa ol gl s
O el aladiad aadil dggadl e el J A jrad) ASleall o<y Adf g litin
Bl oY) gall) (o daw Basaial) ABUal) i 4 ped ¢ G Basadall A8
il Al Jifls (b pbley g cddimal) (s gle Al jimg B Jee gaf
.C)A.Lg

Al Dlgind o sl gy sl o 1 Al Aujd e A O
ChabaiBY) B o al®Y) gall) € J a8 AN A ) Jal gl aal aay Sasaial
e Bilag A Addatl) AUl jabas s Lgd oSy Uday dagi 138 5 i) i Al
8alis cAdUall jaluas st A e ey il gl gliad RELR RPN
A (e @l g Baaaial) dBaY o alais¥)

aiii (Al g (A& ABUAY g Saiaial) ABUal LinglgiSS B awgil) Gujai e
Gl PA e Al A jilag 4jBal A Gua e Apedlily
Alal) s of il ULl ad o) i) g o ghail) g i) B L) o el i
Jbadatiad)

M PA e Ll Jlady bugd) G0 dihie B gl adi e
soal 5oladl) ghlie (e Saldiud)y cAhailadly Jal) Cilide A kil g cua

O iy cqpaly alaldy) salll Ao ABUal 5 jla w8l 4 alas e
Gl AN Jlagl g byl aladiv) Ble) o A i) doliall padi DA
¢l gai @i pe Juadl Ay Baga o Jeend (Saal gy gl
) Siea

by (A ) dluay (Basaial) 43UaY PNEES | dajta ¢l 68 2y e
chally Basaial) A8l ay il



A

Cpbad) s JAle 89 30 2 i) )a

Ga i gamediy il Al auid S 5dba Ha b e
Ll claall (e el B Al ool claliial juail agsad) gy sadl
LBaaaial) 43Ul

Atd) adliad) ey o4 o= ALalSial) ABUal) Aglil) S8 gadal B awgl) o
A Lalady) adlid) L) ALyl AUl aladiuly Adasal delaia¥lg
o Jor Lae sl Al jalae o alde¥) DA e Aludal oSa oM
Ciagd Lsaaly dua (Yo ale Jalay Al Al Gilaal gaas Al
Sy Al Al o Jpand) Glad Joa Addiuad) Apadil) Gl o b
Al giaa

AMad) cilay dal) LEE DU e Ay i) ASlaall 4ol A8 oS Jaa @
Lol gl Jea UV (ABUal A8l Gua cpe Allad pulaay clab slaisly
BLadl haai i gad Al GUIS LAded) Gl hY) ABS a. A8 Selist Ayl
B a)adiad sl S &l g

DA e ) o dlaie) oo daalil) phlial) 5 ey A8l ol juad e
b ormlal) AN g omelid ) ghad MA) g cdadil (558 Bl b A2l
ol pamny aiaiy Al A ABUal) QU dadads s ABUAY Al Jadd el g Jueal)
LBaaaial) A3Ual jalas (e

Aganl Ay 8 cl L) Saly g Badadal) A8l acal) Jabad ANlad 50l e
Cra Badial) ABUY L) pehai anadiy Badaial) AUl jilaa Pliiu) PA e
Dbt B abas

B L Alaiall cludand) g Alal<ial) Aol dical) A8UAY Ajad) i udad @
v eally Sadaial) A8l & cdas AN AED ) ohail) gl Ay g0



Yy

Y~Y\d§ﬁ!‘g:\m\ééﬂ\sw)&ﬂbudm\ﬁ.&d\

daurl yall gholgd

! Khobai, H., "Renewable energy consumption and economic growth in Indonesia.
Evidence from the ARDL bounds testing approach”, Munich Personal RePEc
Archive (MPRA), Paper No. 85081, 2018, p 3.
g ) Aahia) B clulaad) g clag gl asaiall A8Ual) (Ll sl daelaia) g dualady) daall
) AuaYerd c“SJ;lJ\vu&\ gy
¥ Belaid, F., and Elsayed, A. H.,"What drives renewable energy production in MENA
Region? Investigating the roles of political stability, governance and financial
sector”, Economic Research Forum Working Paper Series No. 1322, 2019, p 7.
* Bellakhal, R., Kheder, S. B., and Haffoudhi, H. (2017). Governance and renewable
energy investment in MENA countries: How does trade matter? Economic
Research Forum Working Paper Series No. 1053, 2017, p 9.
Egad) Ay (Y41 Y=1490) aall 3 el 3 Adl) e alhall i ¢ e Al e el calldl
A Yelo (¢ AS;.AM cW\J 3.;:1..433\1\
Lalaie . g Aaeall g ALY ol b A3 e tquial) laba®Y) Lpatill g () glal) dadaia |
DY Ga YA A.p\.mm!\ 3&—«-'55‘5 Ol
" Valodka, 1., and Valodkiene, G., "The Impact of Renewable Energy on the
Economy of Lithuania", Procedia - Social and Behavioral Sciences, Vol. 213, p
123.
® International Energy Agency, Energy Polices Beyond IEA Countries: Morocco,
2019, p 12.
AY L= chSi é,\u&)a &.pl..aﬁ%]\ Latil) § ¢ gladil) dadaia?
AN chSi GM&JA&L\“MT oA Lelaia¥l g Lol sl
LY La cégl.u“ aﬂ\”
3208l AU (3) gl & (YY) copanly g pmaal ¢ le ccann topal oS aale cdsene
Xoga Y Y YA alaal ddg all sl sl Ly el
% Valodka, 1., and Valodkiene, G. , op.cit, p 15
1 Belaid, F., and Zrelli M. H., "Renewable and non-renewable electricity
consumption, carbon emissions and GDP: evidence from Mediterranean Countries",
Economic Research Forum Working Paper Series No. 1037, 2016, p 25.
> Shahbaz, M., Shahzad, S. J. H., Alam, S., and Apergis N., "Globalisation,
economic growth and energy consumption in the BRICS region: the importance of
asymmetries”, Journal of International Trade & Economic Development, Vol.
27, No. 8, 2018, P 985.
1 Noh, N. M., Masih M., "The relationship between energy consumption and
economic growth: evidence from Thailand based on NARDL and causality
approaches”, Munich Personal RePEc Archive (MPRA), Paper No. 86384, 2018,
p3.
17" Adebumiti, Q., and Masih, M., "Economic growth, energy consumption and
government expenditure: evidence from a nonlinear ARDL analysis”, Munich
Personal RePEc Archive (MPRA), Paper No. 87527, 2018, p 1.



ry

i) e JAle 8 g 30 2 Sl 43

8 Khan, B., Deyi X., Ampofo G. M. K., Ali I, Cheng J., and Ali H. ,"Energy

consumption and economic growth nexus: New evidence from Pakistan using

asymmetric analysis", Energy, Vol. 189, 2019, p 116.

9 Awodumi, O. B., and Adewuyi, A. O."The role of non-renewable energy

consumption in economic growth and carbon emission: Evidence from oil producing

economies in Africa", Energy Strategy Reviews, Vol. 27, 2020, p1.

2 Munir, K., and Riaz N., "Asymmetric impact of energy consumption on

environmental degradation: evidence from Australia, China, and USA",

Environmental Science and Pollution Research, Vol. 27, 2020, p 11749.

21 Bosah, P. C., Li S., Ampofo, G. K. M., Asante, D. A., and Wang, Z., "The Nexus

between Electricity Consumption, Economic Growth, and CO, Emission: An

Asymmetric Analysis Using Nonlinear ARDL and Nonparametric Causality

Approach”. Energies, Vol. 13, No. 1258, 2020, p 1.

22 Omria, A., and Nguyenb, D. K., "On the determinants of renewable energy

consumption: International evidence", Energy, Vol. 72, 2014, p 554.

% Bellakhal, R., Kheder, S. B., and Haffoudhi, H., op.cit, p 11.

% Da Silva, P. P., Cerqueira, P. A., and Ogbe, W., "Determinants of Renewable

Energy Growth in Sub-Saharan Africa: Evidence from Panel ARDL", Energy, Vol.

188, 2018, p 1.

% Koengkan, M., "The positive influence of urbanization on energy consumption in

Latin American Countries: An approach with ARDL and NARDL modeling",

Revista de Estudos Sociais, Vol. 20, No. 40, 2018, p 4.

26 7aharia, A., Diaconeasa, M. C., Brad, L., Ladaru, G. R., and loanis, C., "Factors

Influencing Energy Consumption in the Context of Sustainable Development",

Sustainability, Vol. 11, 2019, p 1.

%" Ergun, S. J., Owusu, P. A, and Rivas, M. F., "Determinants of renewable energy

consumption in Africa", Environmental Science and Pollution Research, Vol. 26,

2019, p 15390.

% Belaid, F., and Elsayed, A. H. op.cit, p 23.

2 Akintande, O. J., Olubusoye, O. E., Adenikinju, A.F., and Olanrewaju, B.T.,

"Modeling the determinants of renewable energy consumption: Evidence from the

five most populous nations in Africa”, Energy, Vol. 206, 2020, p 216.

% Przychodzen, W., and Przychodzen, J., "Determinants of renewable energy

production in transition economies: A panel data approach”, Energy, Vol. 191, 2020,

p 670.

% Shin, Y., Yu, B., and Greenwood-Nimmo, M., "Modelling Asymmetric

Cointegration and Dynamic Multipliers in a Nonlinear ARDL Framework™ in Robin

C. Sickles, William C. Horrace, (Editors), Festschrift in Honor of Peter Schmidt:

Econometric Methods and Applications, New York: Springer, 2014, p 281.

cenl s dlse o adiall Blo aae G cub cabll de s tzla o sale (uise

saadl ) e aladl dgale BT Al ¢ g0 gradl agul] Gsm Alla il 0 NARDLAGagke aladiuly
YA La Y VA Y

vy


https://www.researchgate.net/profile/Matthew_Greenwood-Nimmo

Ye

Y~Y\d§ﬁ!‘g:\m\ééﬂ\sw)ﬁﬂbudm\ﬁ.&d‘

PR L,,Jaa d.ub.\ A.JSJ\ 4.14\.;4.\5‘)1\ Sl ﬁ Jla\.uj\ ?J.cj )L\.u“ c.la;\ u.ml\ e ¢ C""‘AAM
daaly LB g 500 S Jas Ldiyg ) Aadia A5 4 5aY) saniall LY SN 3 @Dl
) YeYou “Qudm\
% Pesaran, M. H., Shin, Y., and Smith, R. J., "Bounds testing approaches to the
analysis of level relationships", Journal of Applied Econometrics, Vol. 16, 2001, p
289.
) Aadia 4855 D0 gl Ty el ASLedl) 3 LYY 55 i5al) el sadl caenl all dlee cmaad) T
NY Lo oY VA digagrad) Ay pad) Asleal) b olial) Jypail) s laiiad) jaie
% Taner, T., and Mesut, K., "Asymmetries in Twin Deficit Hypothesis: Evidence
from CEE Countries", Ekonomicky ¢asopis (Journal of Economics), Vol. 66, No.
6, 2018, p 580.
¥ Dickey, D. A., and Fuller, W. A., "Likelihood ratio statistics for autoregressive
time series with a unit root", Econometrica, Vol. 49, No. 4, 1981, p 1057.
% Phillips, P. C. M., and Perron, P., "Testing for a Unit Root in Time Series
Regression”, Cowles Foundation Discussion Paper No. 795-R, 1987, p 1.
el Sl 3 A gead) Gy al) AL oy e il @loaad’ ¢ ale o ale o Jawdl T
N e Yo Ve TY el o alad) .aua:ém Jals gl 38 e Alps Uil emat s ol sl
Sasadl b Sl dale o llal) Ay i cdblie denl sl casills faeal o gl deme il 2o O
€1 2axll VY M\ cu.\l.uﬂ 4&.&1& L\M\ G_Ib.nbﬂ\ ‘\-‘M ”(0015 _1985) o).\sl\ D
A Ul YA
) e dd) 40 z.u\ﬁ, 30 3 VAR g3l asiall it calsall s sl ) o
Aol (A gHal) 5 dpbaiy) aglall Buiad daaly Alaa L Hsu 3 el I cp Sl Jlea) s sl
LYYV %) Yo )Y Y aaxll (YA
A uSY) cahail) g LB G oandid) SaBY) B Egand) ¢ lEl de desa 5l de caghe !
b G ‘(V 00 sl lall
43 Singh, N., Nyuur, R., and Richmond, B., "Renewable Energy Development as a
Driver of Economic Growth: Evidence from Multivariate Panel Data Analysis",
Sustainability, Vol. 12, 2019, p 1.
* Bayar, Y., and Gavriletea, M.D., "Energy efciency, renewable energy, economic
growth: evidence from emerging market economies”, Quality & Quantity, Vol. 53,
2019, p 2221.
* Tarig, G., Sun, H., Haris, M., Javaid, H. M., and Kong. Y, "Energy Consumption
and Economic Growth: Evidence from Four Developing Countries”, American
Journal of Multidisciplinary Research, Vol. 7, No., 1, 2018, p 100.
*® Soava, G., et al, "Impact of Renewable Energy Consumption on Economic
Growth: Evidence from European Union Countries”, Technological and Economic
Development of Economy, Vol. 24, No. 3, 2018, p 914.
" Khobai, H., Pierre Le Roux, "Does renewable energy consumption drive economic
growth: Evidence from Granger causality technique”, International Journal of
Energy Economics and Policy, Vol. 8, No. 2, 2018, p 205.


http://cejsh.icm.edu.pl/cejsh/element/bwmeta1.element.0e9ea042-1d30-3fe7-a46e-799d2b03d627
https://www.researchgate.net/journal/2146-4553_International_Journal_of_Energy_Economics_and_Policy
https://www.researchgate.net/journal/2146-4553_International_Journal_of_Energy_Economics_and_Policy

