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INTRODUCTION 

The relationship between economic growth 
and environmental protection has received wide-
spread attention in the economic and environ-
mental literature, as countries seek to achieve a 
balance between the requirements of develop-
ment, on the one hand, and the mitigation of en-
vironmental degradation, on the other.1 Economic 
activities, particularly those related to fossil fuel 
consumption, are among the main sources of car-
bon dioxide (CO₂) emissions,2 placing them at the 
core of discussions on environmental sustainabil-
ity. Conversely, renewable energy is emerging as a 
strategic alternative that contributes to reducing 
emissions and fostering the transition toward a 
green economy.3 At the same time, oil prices re-
main a key factor shaping the economic and ener-
gy trajectories of many countries.4

In this context, Algeria is an important model 
for studying these interactions, due to its heavy 
reliance on oil and gas revenues as the primary 
source of GDP.5 Therefore, per capita carbon diox-
ide emissions (CO₂ PER) are closely linked to per 
capita GDP (GDP PER) and global fluctuations in 
oil prices, reflecting the fragility of the econom-
ic structure in the face of external shocks.6 Nev-

1	 Yang, Z., Solangi, Y. A. (2024). Analyzing the relation-
ship between natural resource management, envi-
ronmental protection, and agricultural economics 
for sustainable development in China. Journal of 
Cleaner Production, 450, 141862.

2	 Lu, F., Ma, F., Feng, L. (2024). Carbon dioxide emis-
sions and economic growth: New evidence from 
GDP forecasting. Technological Forecasting and 
Social Change, 205, 123464. <doi.org/10.1016/j.tech-
fore.2024.123464>.

3	 Chou, C. H., Ngo, S. L., Tran, P. P. (2023). Renew-
able energy integration for sustainable economic 
growth: Insights and challenges via bibliomet-
ric analysis. Sustainability, 15(20), 15030. <doi.
org/10.3390/su152015030>.

4	 Mukhtarov, S. (2024). Oil prices and the renewable 
energy transition: Empirical evidence from Chi-
na. Utilities Policy, 91, 101840. <doi.org/10.1016/j.
jup.2024.101840>.

5	 Hadji, Y., Abderrahmane, A. B. (2024). Analyzing 
the impact of oil price fluctuations on economic 
growth in Algeria: an empirical study. Theoretical 
& Applied Economics, 31(3). <store.ectap.ro/arti-
cole/1762.pdf>.

6	 Mahajan, M., Sah, A. N. (2025). CO2 emissions re-
sponse to GDP and crude oil price shocks: evi-

ertheless, integrating renewable energy into the 
national energy mix is a fundamental step toward 
reducing the carbon footprint and promoting sus-
tainable development.7 At the theoretical level, the 
Classical studies assume a linear relationship be-
tween economic growth and environmental degra-
dation.8 However, empirical evidence reveals more 
complex dynamics characterized by asymmetry 
and dependence on different economic systems.9 
For example, rising per capita income may increase 
emissions at a certain stage of growth, while con-
tributing to their reduction when higher levels are 
reached as a result of technological advancement 
and effective environmental policies, which is con-
sistent with the Environmental Kuznets Curve (EKC) 
hypothesis.10 In traditional studies, the NARDL 
model is often employed to analyze asymmetry in 
economic and environmental relationships by dis-
tinguishing between the effects of increases and 
decreases in the independent variables.11 Howev-
er, this approach remains limited as it restricts the 
analysis to only two regimes.12

dence from India and China using SVAR Model. 
Sustainable Futures, 9, 100479. <doi.org/10.1016/j.
sftr.2025.100479>.

7	 Ahmed, H., Hamza, K., Abdelillah, K., Boudjemaa, B., 
Achwak, B., Lila, A. (2024). The Future of Investment 
in Renewable Energies and Its Role in Achieving 
the Dimensions of Sustainable Development in Al-
geria. In Artificial Intelligence, Digitalization. <doi.
org/10.1007/978-3-031-67531-7_6>.

8	 Liu, X., Latif, K., Latif, Z., Li, N. (2020). Relationship 
between economic growth and CO2 emissions: 
does governance matter? Environmental Science 
and Pollution Research, 27(14), 17221-17228. <doi.
org/10.1007/s11356-020-08142-3>.

9	 Montagna, S., Huang, L., Long, Y., & Yoshida, Y. 
(2025). Sectoral economic complexity and envi-
ronmental degradation: a sectoral perspective on 
the EKC hypothesis. Humanities and Social Scienc-
es Communications, 12(1), 1-24. <doi.org/10.1057/
s41599-025-04820-0>.

10	 Mahmood, H., Furqan, M., Hassan, M. S., Rej, S. 
(2023). The environmental Kuznets Curve (EKC) hy-
pothesis in China: A review. Sustainability, 15(7), 
6110. <doi.org/10.3390/su15076110>.

11	 Mujtaba, A., Jena, P. K. (2021). Analyzing asymmetric 
impact of economic growth, energy use, FDI inflows, 
and oil prices on CO2 emissions through NARDL 
approach. Environmental Science and Pollution 
Research, 28(24), 30873-30886. <doi.org/10.1007/
s11356-021-12660-z>.

12	 Udeagha, M. C., Breitenbach, M. C. (2023). On the 
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To address this limitation, the MT-NARDL mod-
el was developed, allowing GDP per capita to be 
divided into several regimes at different levels 
(low, medium, and high).13 This provides a more 
accurate understanding of the complex dynamics 
of the relationship between economic growth and 
carbon dioxide emissions, while also accounting 
for the role of oil prices as an external factor and 
the consumption of renewable energy as a tran-
sitional tool towards sustainable development. 
Therefore, adopting this model is particularly ap-
propriate for the Algerian case and contributes to 
filling a gap in the literature by offering a compre-
hensive short – and long-term analysis that links 
economic growth, energy price fluctuations, and 
the energy transition in explaining the dynamics 
of per capita carbon emissions.

The remainder of this paper is organized as 
follows: Section 1 provides a comprehensive re-
view of the existing literature, Section 2 describes 
the data and lays out the theoretical framework, 
Section 3 presents and analyzes the empirical 
findings, and Section 4 concludes with a summary 
and policy implications.

1. LITERATURE REVIEW

Recent studies have increasingly examined 
the nexus between economic growth, energy con-
sumption, and CO₂ emissions using nonlinear and 
asymmetric models, especially in oil-dependent 
economies. This literature can be grouped into 
two main strands: (i) those testing the Environ-
mental Kuznets Curve (EKC) hypothesis across dif-
ferent growth regimes, and (ii) those comparing 
the effects of renewable versus conventional en-
ergy on emissions, with attention to short – and 
long-run dynamics.

asymmetric effects of trade openness on CO2 emis-
sions in SADC with a nonlinear ARDL approach. 
Discover Sustainability, 4(1), 2. <doi.org/10.1007/
s43621-022-00117-3>.

13	 Tabash, M. I., Ahmed, A., Issa, S. S., Mansour, M., Var-
ma, M., Al-Absy, M. S. M. (2024). Multiple Behavior-
al Conditions of the Forward Exchange Rates and 
Stock Market Return in the South Asian Stock Mar-
kets During COVID-19: A Novel MT-QARDL Approach. 
Computation, 12(12), 233. <doi.org/10.3390/compu-
tation12120233>.

Growth Regimes and the EKC Hypothesis: Sev-
eral studies have explored whether the EKC hy-
pothesis holds across low, medium, and high 
growth regimes. Found for South Africa that both 
energy consumption and income worsen environ-
mental quality, with no EKC evidence.14 Confirmed 
the EKC for Nigeria using nonlinear ARDL, showing 
that growth initially increases emissions but later 
reduces them.15 Offered mixed EKC evidence across 
25 OECD countries,16 while rejected it for Korea, 
finding an N-shaped relationship instead.17 Sup-
ported the EKC for India, noting that oil consump-
tion and price shocks increase emissions, while FDI 
inflows validate the pollution haven hypothesis.18

Renewable vs. Conventional Energy and Oil 
Price Shocks: The second strand compares ener-
gy sources and their asymmetric effects. Found 
that renewable energy had no significant impact 
on the ecological footprint in major oil export-
ers,19 while showed that renewables initially slow 

14	 Saint Akadiri, S., Bekun, F. V., Sarkodie, S. A. (2019). 
Contemporaneous interaction between energy 
consumption, economic growth and environmen-
tal sustainability in South Africa: what drives what? 
Science of the total environment, 686, 468-475. 
<doi.org/10.1016/j.scitotenv.2019.05.421>.

15	 Musibau, H. O., Shittu, W. O., Ogunlana, F. O. (2021). 
The relationship between environmental degrada-
tion, energy use and economic growth in Nigeria: 
new evidence from non-linear ARDL. International 
Journal of Energy Sector Management, 15(1), 81-100. 
<doi.org/10.1108/IJESM-04-2019-0016>.

16	 Erdogan, S., Okumus, I., Guzel, A. E. (2020). Revisit-
ing the Environmental Kuznets Curve hypothesis in 
OECD countries: the role of renewable, non-renew-
able energy, and oil prices. Environmental Science 
and Pollution Research, 27(19), 23655-23663. <doi.
org/10.1007/s11356-020-08520-x>.

17	 Koc, S., Bulus, G. C. (2020). Testing validity of the 
EKC hypothesis in South Korea: role of renewable 
energy and trade openness. Environmental Science 
and Pollution Research, 27(23), 29043-29054. <doi.
org/10.1007/s11356-020-09172-7>.

18	 Sreenu, N. (2022). Impact of FDI, crude oil price and 
economic growth on CO2 emission in India: – sym-
metric and asymmetric analysis through ARDL and 
non-linear ARDL approach. Environmental Science 
and Pollution Research, 29(28), 42452-42465. <doi.
org/10.1007/s11356-022-19597-x>.

19	 Çakmak, E. E., Acar, S. (2022). The nexus between 
economic growth, renewable energy and ecological 
footprint: An empirical evidence from most oil-pro-
ducing countries. Journal of Cleaner Production, 
352, 131548. <doi.org/10.1016/j.jclepro.2022.131548>.
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growth but become beneficial in the long run.20 
Confirmed that renewable energy reduces the 
ecological footprint, whereas natural resource 
rents increase it.21 validated the N-shaped EKC 
for some Asian countries, with renewables re-
ducing emissions and nonrenewables increasing 
them.22 found asymmetric effects in Canada: posi-
tive shocks in renewables reduce emissions, while 
negative growth shocks worsen environmental 
quality.23 Showed that both positive and negative 
shocks in renewable energy reduce CO₂ emissions 
in Saudi Arabia.24 found asymmetric cointegra-
tion in Pakistan, with no significant link between 
growth and emissions.25 In a rare study on Algeria, 
found no EKC evidence: renewables reduce emis-
sions, while growth increases them.

20	 Feng, Y., Zhao, T. (2022). Exploring the nonlinear re-
lationship between renewable energy consumption 
and economic growth in the context of global cli-
mate change. International Journal of Environmen-
tal Research and Public Health, 19(23), 15647. <doi.
org/10.3390/ijerph192315647>.

21	 Ullah, A., Ahmed, M., Raza, S. A., Ali, S. (2021). A 
threshold approach to sustainable development: 
nonlinear relationship between renewable en-
ergy consumption, natural resource rent, and 
ecological footprint. Journal of environmental 
management, 295, 113073. <doi.org/10.1016/j.jen-
vman.2021.113073>.

22	 Ali, A., Radulescu, M., Balsalobre-Lorente, D. (2023). 
A dynamic relationship between renewable ener-
gy consumption, nonrenewable energy consump-
tion, economic growth, and carbon dioxide emis-
sions: Evidence from Asian emerging economies. 
Energy & Environment, 34(8), 3529-3552. <doi.
org/10.1177/0958305X231151684>.

23	 Erdoğan, E., Serin Oktay, D., Manga, M., Bal, H., Al-
gan, N. (2024). Examining the effects of renewable 
energy and economic growth on carbon emission 
in Canada: Evidence from the nonlinear ARDL ap-
proaches. Evaluation Review, 48(1), 63-89. <doi.
org/10.1177/0193841X231166973>.

24	 Toumi, S., Toumi, H. (2019). Asymmetric causality 
among renewable energy consumption, CO2 emis-
sions, and economic growth in KSA: evidence from 
a non-linear ARDL model. Environmental Science 
and Pollution Research, 26(16), 16145-16156. <doi.
org/10.1007/s11356-019-04955-z>.

25	 Baz, K., Xu, D., Ali, H., Ali, I., Khan, I., Khan, M. M., 
Cheng, J. (2020). Asymmetric impact of energy con-
sumption and economic growth on ecological foot-
print: using asymmetric and nonlinear approach. 
Science of the total environment, 718, 137364. <doi.
org/10.1016/j.scitotenv.2020.137364>.

Despite the wealth of previous studies analyz-
ing the relationship between economic growth and 
emissions, most remain limited by traditional sin-
gle-threshold NARDL models, which limit their abili-
ty to capture nonlinear changes in emissions across 
multiple growth stages. Most also overlook the im-
pact of recurrent oil shocks on emissions in ener-
gy-exporting economies, such as Algeria. Hence, 
the importance of this study, which fills this gap by 
applying the multi-threshold MT-NARDL model to 
analyze the nonlinear and bidirectional causality 
between growth, renewables, and emissions.26 high-
lighted short-run links between renewables, trade, 
and oil prices in Tunisia.27 asymmetric interactions 
between economic growth, oil prices, and renew-
able energy in explaining CO₂ emissions. This study 
enhances theoretical and applied understanding of 
climate transition policies in similar economies.

2. DATA AND THEORETICAL FRAMEWORK
2.1. Data sources

The definitions and measurement units of all 
variables are presented in Table 1 below.

Table 1. Model variables and sources
VARIABLE SYMBOL SOURCE

CO2 PER CO2 emissions per capita 
(tons) World Bank

GDPP GDP per capita World Bank

OILPRICE Crude oil price www.macro-
trends.net

REN
Renewable energy con-
sumption (% of total final 
energy consumption)

World Bank

Source: Author’s elaboration based on data 
from the World Bank and <www.macro-
trends.net>

26	 Elbadri, M., Bsikre, S., Alamari, O., Balcilar, M. (2023, 
August). Nexus between renewable energy con-
sumption, economic growth, and CO2 emissions in 
Algeria: New evidence from the Fourier‐Bootstrap 
ARDL approach. In Natural Resources Forum, Ox-
ford, UK: Blackwell Publishing Ltd., Vol. 47, No. 3, 
393-412. <doi.org/10.1111/1477-8947.12292>.

27	 Brini, R., Amara, M., Jemmali, H. (2017). Renewable 
energy consumption, international trade, oil price 
and economic growth inter-linkages: The case of Tu-
nisia. Renewable and Sustainable Energy Reviews, 
76, 620-627. <doi.org/10.1016/j.rser.2017.03.067>.
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2.2. The theoretical framework
2.2.1. MT-NARDL Model
Given the variation in economic policy objec-

tives across the low, medium, and high transition 
stages, this study employs the MT-NARDL (Multi-
ple Threshold Nonlinear Autoregressive Distribut-
ed Lag) model developed by Pal and Mitra (2015, 
2016).28 This model overcomes the limitations of 
the traditional NARDL framework, which is re-
stricted to two cases: an increase and a decrease, 
by allowing the variable of interest (GDP per capi-
ta) to be partitioned into several regimes at differ-
ent levels (low, medium, and high).

The MT-NARDL model captures asymmetry by 
introducing multiple threshold values, enabling 
the relationship between variables to change ac-
cording to these thresholds. This feature allows 
for the analysis of the dynamic relationship be-
tween economic growth and carbon dioxide emis-
sions in both the short and long run, while also 
considering the role of oil prices as an external 
factor and renewable energy consumption as part 
of the transition toward sustainability.

To apply the MT-NARDL model in examining 
the relationship between per capita carbon diox-
ide emissions (CO₂PER) and economic variables, 
namely per capita gross domestic product (GDP-
PER), oil prices (OILPRICE), and renewable energy 
consumption (REN), we proceed as follows:29 

●● Stage 1: Compute the per capita GDP growth 
rate by taking the first difference of its log-
arithm:

●● Stage 2: We determine the threshold values 
using quantiles:

□□ Q1: represents the lower quantile (e.g., 
25%);

□□ Q2: represents the upper quantile (e.g., 
75%).

●● Stage 3: We construct three regimes (Re-
gimes) for GDPP:

28	 Gülcü, A. (2025). Essays on financialization, 
income inequality and growth. <hdl.handle.
net/11511/114100>.

29	 Georgescu, I., Kinnunen, J. (2025). Nonlinear Effects 
of GDP Regimes, Renewable Energy, and Urban-
ization on Finland’s Ecological Footprint: An MT-
NARDL Approach. World Development Sustainabili-
ty, 100235. <doi.org/10.1016/j.wds.2025.100235>.

□□ Regime 1 (GDPREG1): Low GDP per capita 
growth (less than Q₁​):

□□ Regime 2 (GDPREG2): Medium GDP per 
capita growth (between Q₁ and ​Q2):

□□ Regime 3 (GDPREG3): High GDP per capi-
ta growth (greater than ​Q₁):

●● Stage 4: Step 4 involves embedding the 
GDP regimes within the MT-NARDL specifi-
cation as explanatory variables.

Where X represents the explanatory variables, 
namely (oil, ren), and εt is Error term.

●● Stage 5: In this stage, dedicated to mod-
el specification and estimation, we in-
corporate the three GDP regimes into the 
MT-NARDL framework, where the depen-
dent variable is per capita CO₂ emissions 
(CO₂per). The independent variables consist 
of oil prices (OILPRICE), renewable energy 
consumption (REN), along with the three 
GDP regimes. The model is subsequently 
estimated using EViews 13 under the gen-
eral MT-NARDL specification, enabling the 
identification of the long-run relationship 
as well as the short-run dynamics through 
the Error Correction Model (ECM).

The general form of the MT-NARDL specifica-
tion can be expressed as:
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2.2.2. The three GDP regimes in Algeria
Figure 1 represents three different GDP re-

gimes, which in turn reflect the varying stages of 
economic activity and their impact on environ-
mental variables. The first regime (GDPREG1, low 
growth, blue line) starts near zero in the early 
1980s, then declines to around 2 in the mid-1990s 
and below 6 by 2020. These negative values reflect 
periods of economic slowdown, where industrial 
contraction weakens energy demand and reduc-
es emissions. However, this decline is not driven 
by environmental policies or efficiency gains, but 
by financial crises and oil-price volatility, espe-
cially after 2000. Thus, emission reductions come 
at the expense of growth, without achieving sus-
tainable transformation. The second regime (GD-
PREG2, average growth, orange line) begins close 
to zero in the early 1980s, rises to about +3 in the 
late 1990s, and exceeds +5 by 2020. This steady 
increase is accompanied by rising environmen-
tal pressures due to industrial expansion, higher 
transport activity, and accelerating urbanization. 
Energy policies during this phase fail to promote 
efficiency or a shift to cleaner sources, so each 
additional unit of output directly increases emis-
sions. The third regime (GDPREG3, high growth, 
green line) starts near +1 in the late 1980s, reach-
es +4 by 2005, and stabilizes around +4.5 by 2020. 
The post-2010 plateau suggests that high growth 
is beginning to generate mitigating effects, pos-
sibly through improved efficiency, clean technol-
ogy adoption, or stricter environmental policies. 
Nevertheless, since values remain positive, Alge-
ria has not yet fully decoupled growth from emis-
sions. Capitalizing on this trend requires acceler-
ating renewable energy deployment, improving 

consumption efficiency, and enforcing stricter 
environmental regulations. Overall, stagnation 
(GDPREG1) reduces emissions unsustainably, 
moderate growth (GDPREG2) intensifies environ-
mental pressures, and high growth (GDPREG3) 
shows early signs of mitigation, but still needs 
stronger institutional and technological support 
to ensure a green and sustainable growth path. 
(See Figure 1.)

3. EMPIRICAL RESULTS AND DISCUSSION

Before estimating the model, all variables 
were transformed into their natural logarithms, 
except for the renewable energy (REN) variable, 
which is expressed as a percentage. This transfor-
mation was applied to reduce variance and to fa-
cilitate the interpretation of elasticity coefficients.

3.1. Economic and environmental trends in 
Algeria during the period 1980–2024

Historically, Algeria’s economic growth has 
been closely tied to oil revenues, with per cap-
ita GDP rising sharply during the mid-1980s and 
again following the oil boom after 2000. Howev-
er, this growth came at an environmental cost, 
as per capita carbon dioxide emissions doubled 
from two to four tons, highlighting the absence 
of decoupling between economic expansion and 
environmental impact. The economy remains 
highly vulnerable to oil price fluctuations, which 
directly affect financial stability. At the same time, 
renewable energy consumption remained below 
1% until a modest increase after 2019, reflecting 
only tentative steps toward diversifying energy 

Figure 1. Representation of the three GDP regimes

Source: Prepared by the authors using EVIEWS 13
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sources and reducing carbon dependence. (See 
Figure 2.)

3.2. Descriptive statistics
We note from the results in Table 2 that, over 

the 45-year sample, per capita CO₂ emissions av-
eraged 3.34 tons, with moderate dispersion and 
an approximately normal distribution. Per capita 
GDP averaged about US$3,305 but displayed wide 

variation (±US$1,496), peaking at US$6,095, with a 
slight right skew. Oil prices averaged US$45.6 per 
barrel, ranging from US$14.4 to US$99.7, confirm-
ing substantial market volatility; their distribution 
is close to normal. The share of renewable energy 
was very low, averaging only 0.31% of total final 
energy use and never exceeding 1.3%. This vari-
able is highly right-skewed and clearly non-nor-
mal. (See Table 2.)

Figure 2. Trends of CO₂ per capita, GDP, renewable energy consumption, and oil prices 
in Algeria (1980–2024)

Source: Compiled by the authors

Table 2. Descriptive statistics
CO2 GDPP OIL REN

MEAN 3.337111 3304.517 45.54800 0.306667

MEDIAN 3.340000 2800.203 35.93000 0.300000

MAXIMUM 4.200000 6094.694 99.67000 1.300000

MINIMUM 1.770000 1466.948 14.42000 0.100000

STD. DEV 0.499070 1496.027 27.62038 0.240643

SKEWNESS -0.509084 0.469666 0.663165 1.781319

KURTOSIS 3.657191 1.821919 2.060778 7.657819

JARQUE-BERA 2.753559 4.256661 4.952418 64.47686

PROBABILITY 0.252390 0.119036 0.084061 0.000000

SUM 150.1700 148703.3 2049.660 13.80000

SUM SQ. DEV 10.95912 98476247 33566.96 2.548000

OBSERVATIONS 45 45 45 45

Source: Author’s calculation
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3.3. Testing the Optimal Lag Lengths for the 
MT-NARDL Model

Based on the optimal lag model selection cri-
teria using the Akaike Information Criterion (AIC), 
the MT-NARDL (1,1,3,0,1,2) model was selected as 
the most appropriate to represent the relationship 
between the variables under study. This specifica-
tion indicates that the optimal lag order is: one 
lag for LCO2, one lag for GDPREG1, three lags for 
GDPREG2, no lag for GDPREG3, one lag for REN, 
and two lags for LOIL. The adoption of this model 
is attributed to its achievement of the lowest AIC 
value (−2.562876), making it the most statistically 
efficient compared to the other evaluated models.

3.4. Time Series Stationarity Test
Prior to undertaking time series analysis, it is 

crucial to assess the stationarity of the data. This 
requires testing whether the series exhibits a unit 
root. Accordingly, the Augmented Dickey-Fuller 
(ADF) test and the Phillips-Perron (PP) test, which 
are among the most widely applied convention-

al unit root tests, are employed in this study. The 
corresponding results are presented in Tables 3-4 
below. (See Table 4.)

According to the results of the unit root tests 
(ADF and PP), all variables were found to be non-sta-
tionary at the I(0) level. To achieve stationarity, first 
differencing was applied. The unit root analysis 
confirmed that all variables became stationary at 
the I(1) level, as reported in Tables 3 and 4. These 
findings enabled us to proceed with the MT-NARDL 
model. Furthermore, the optimal lag length for the 
vector autoregressive (VAR) model was determined 
to be one, as consistently indicated by the major-
ity of lag selection criteria, including FPE, AIC, SC, 
and HQ. Although the LR test suggested lag four, 
the convergence of the other criteria supports the 
choice of one lag as the most appropriate specifi-
cation for the model under study.

3.5. Bounds of cointegration test
To examine the presence of a long-run equi-

librium relationship among the variables, the 

Table 4. PP unit root tests
VARIABLES INTERCEPT TREND AND INTERCEPT NONE

Level First diff Level First diff Level First diff Order of
Integration

LGDPP

LCO2PER

LREN

LOIL

-0.728
(0.828)
 – 2.654
(0.090)
 – 1.264
(0.637)
-1.138
(0.692)

-5.739
(0.000***)
 – 7.634
(0.000***)
-6.216
(0.000***)
 – 6 .803
(0.000***)

1.708 – (0.730)
 – 4.280
(0.007)
-1.497
(0.815)
-2.549
(0.304)

-5.745
(0.000***)
 – 7.515
(0.000***)
 6.180 – 
(0.000***)
 – 6.821
(0.000***)

0.863
(0.892)
 – 0.039
 (0 .664)
1.416-
(0.143)
0.352
(0.782)

-5.675
(0.000***)
 – 7.353
(0.000***)
-6.160
(0.000***)
-6.846
(0.000***)

I (1)

I (1)

I (1)

I (1)

Source: Author’s calculation

Table 3. ADF unit root tests

VARIABLES INTERCEPT TREND AND INTERCEPT NONE

Level First diff Level First diff Level First diff Order of
Integration

LGDPP

LCO2PER

LREN

LOIL

-0.394
(0.901)
 – 2.521
(0.117)
 – 1.264
(0.637)
-1.142
(0.690)

-5.598
(0.000***)
 – 6.803
(0.000***)
-6.216
(0.000***)
 – 5.724
(0.000***)

-1.419
(0.841)
 – 4.076
(0.013)
-1.414
(0.842)
-2.541
(0.307)

-5.609
(0.000***)
 – 6.672
(0.000***)
6.180-
(0.000***)
 – 5.773
(0.000***)

1.109
(0.928)
0.973
(0.909)
1.416-
(0.143)
0.238
(0.750)

-5.521
(0.000***)
 – 6.842
(0.000***)
-6.160
(0.000***)
-5.729
(0.000***)

I (1)

I (1)

I (1)

I (1)

Source: Author’s calculation
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bounds testing procedure was employed. This in-
volved calculating the F-statistic and comparing it 
against the critical values reported by Pesaran et 
al. (2001). The corresponding results are present-
ed in Table 6.

The Pesaran-Shin-Smith bounds test (F = 5.18) 
rejects the null of no cointegration at the 1% level, 
confirming a stable long-run relationship among 
CO₂ emissions, growth regimes, renewable ener-
gy, and oil prices and justifying the use of the MT-
NARDL framework.

3.6. MT – NARDL long-run form
We observe from the long-run MT-NARDL 

equilibrium equation (1984–2024) that CO₂ emis-
sions move consistently with the explanatory 
variables (See Table 7.). The error correction co-
efficient (-0.522) indicates that 52% of any shock 
is corrected within one year, confirming a rela-
tively rapid return to equilibrium. Renewable en-
ergy (REN) emerges as the only significant long-
run driver: a permanent 1% increase in its share 
reduces emissions by 0.155%, underscoring the 
central role of clean energy investment in mitiga-

tion policy. By contrast, none of the three growth 
regimes exerts a statistically significant long-run 
effect: the low-growth regime (GDPREG1) shows 
a positive but insignificant coefficient (0.386), 
the medium-growth regime (GDPREG2) a nega-
tive but insignificant coefficient (-1.596), and the 
high-growth regime (GDPREG3) a negative but in-
significant coefficient (-0.276). This outcome sug-
gests that Algeria has not yet attained the income 
threshold or structural transformation needed 
for automatic decoupling. Real oil prices (LOIL) 
are neutral in the long run (0.049, not significant), 
reflecting continued dependence on hydrocar-
bons without sustainable demand-side adjust-
ments. Overall, sustained emissions reductions 
will require expanding renewable energy, ac-
celerating the shift away from energy-intensive 
industries, and redesigning growth strategies to 
move the economy beyond the critical “tipping 
point” that current GDP regimes have failed to 
deliver.

Table 6. Results of MT-NARDL cointegration bounds test

F-BOUNDS NULL HYPOTHESIS : NO LEVELS RELATIONSHIP DECISION

Test Statistic Value Signif I (0) I (1)

F – Statistic 5.179800 10% 2.276 3.297 Cointegration

K 5% 2.694 3.829

1% 3.674 5.019
Source: Author’s calculation

Table 7. MT – NARDL long-run form
VARIABLES COEFFICIENTS STD. ERROR T-STATISTIC PROBABILITY

LCO2(-1)* -0.522053 0.104427 -4.999199 0.0002***

GDPREG1(-1) 0.386290 0.243825 1.584295 0.1248

GDPREG2(-1) -1.596453 1.428101 -1.117885 0.2735

GDPREG3** -0.276370 0.224287 -1.232215 0.2285

REN(-1) -0.154518 0.053845 -2.869678 0.0079***

LOIL(-1) 0.048902 0.033778 1.447765 0.1592

C 0.558038 0.142229 3.923509 0.0005***
*, **, *** significant at 10%, 5% and 1% level
Source: Author’s calculation
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3.7. MT_NARDL short-run form

The short-run results of the MT-NARDL model, 
shown in Table 8, reveal that 52% of any departure 
from the long-run CO₂ path is corrected within 
one year (COINTEQ –0.522***), underscoring rapid 
system resilience (See Table 8.). Low-growth (GD-
PREG1) and current-period medium-growth (GD-
PREG2) impulses leave emissions unchanged, but 
the medium-growth impulse delivered two years 
earlier (GDPREG2(–2)) becomes strongly positive 
(+0.956**), evidencing a delayed upswing in ener-
gy-intensive activity. Renewable-energy deploy-
ment (D(REN)) exerts an immediate, positive foot-
print (+0.215**) as construction and installation 
phases dominate, an effect that is later reversed 
by the long-run contraction shown in the equi-
librium equation. Oil-price shocks carry no con-
temporaneous weight (D(LOIL) 0.033), yet a price 
rise lagged one period (D(LOIL (–1)) significantly 
dampens emissions (–0.138**) through curtailed 
fossil-fuel use or brief fuel-switching. These in-
ter-temporal and regime-specific channels high-
light the need for flexible policy instruments that 
anticipate lagged responses, exploit temporary 
price incentives, and accelerate the point at which 
renewable infrastructure costs give way to sus-
tained carbon savings.

3.8. Diagnostic Tests

Table 9. Diagnostic Test Results

TEST STATISTIC P-VALUE DECISION

Breusch-Godfrey F = 0.195 0.824 Accept 

Breusch-
Pagan-Godfrey F = 1.090 0.407 Accept 

ARCH F = 0.635 0.430 Accept 

Jarque-Bera 1.94 0.379 Accept 

Source: Author’s calculation

We note from the results in Table 9 for the 
diagnostic tests applied to the MT-NARDL model, 
including the ARCH test for conditional variance 
heteroskedasticity, the Breusch-Pagan-Godfrey 
test for heteroscedasticity, the Breusch-God-
frey test for detecting serial correlation, and the 
Jarque-Bera test for normality, that the findings 
confirm the model satisfies the required statisti-
cal assumptions. Its validity was established at 
the 5% significance level across all tests, ensur-
ing the robustness and reliability of the estimat-
ed results.

Table 8. MT – NARDL long-run form
VARIABLES COEFFICIENTS STD. ERROR T-STATISTIC PROBABILITY

COINTEQ* -0.522053 0.078421 -6.657032 0.0000***

D(GDPREG1) -0.031949 0.116431 -0.274402 0.7855

D(GDPREG2) -0.061256 0.319199 -0.191906 0.8490

D (GDPREG2 (-1)) -0.371078 0.312073 1.189074 0.2429

D (GDPREG2 (-2)) 0.956159 0.307009 3.114431 0.0038***

D(REN) 0.215190 0.066367 3.242420 0.0027***

D(LOIL) 0.033308 0.040134 0.829925 0.4125

D (LOIL (-1)) -0.138120 0.041834 -3.301654 0.0023***

R-squared 0.609830

Adjusted R-squared 0.527067

Durbin – Watson stat 1.745274

*, **, *** significant at 10%, 5% and 1% level.
Source: Author’s calculation
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We note from Figures 3 and 4 that the CUSUM 
and CUSUMSQ tests are used to assess the stabili-
ty of the model. In the case of Algeria, both statis-
tics remain within the 5% significance bounds, in-
dicating no structural breaks or deviations during 
the study period. (See Figure 3-4.)

3.9. The cumulative dynamic multiplier
Figure 5 shows that the multiplier of GDPREG1 

(low-growth regime) on per-capita CO₂ rises to 
about 0.7 after five–six years and then stabilises 
near 0.5. This “recession footprint” reflects the 

growing carbon-intensity of surviving plants: out-
dated kilns, furnaces, and vehicles remain in use, 
maintenance is deferred, and no cleaner capital 
is adopted, so emissions per unit of GDP edge up 
even while aggregate output is flat.

Figure 6 displays the multiplier for GDPREG2 
(medium-growth regime); it falls steeply to –2.8 
over nine–ten years. Sustained, but not spectac-
ular, income growth finances building retrofits, 
more efficient industrial boilers, and early solar 
water-heaters, while tighter standards and subsi-
dy schemes begin to bite. The result is a sizeable 

Figure 3-4. Plot of CUSUM and CUSUM of Squares for coefficients’ stability of MT-NARDL 
model at 5% level of significance.

Source: Author’s calculation

Figure 5-6. Cumulative dynamic multiplier GDPREG1 and GDPREG2 on LCO2

Source: Author’s calculation
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cumulative cut in CO₂ despite continued economic 
expansion.

Figure 7 plots the multiplier for GDPREG3 
(high-growth regime); it oscillates between –0.5 
and +0.45 before settling at –0.3. At this stage, 
the economy can fund green R&D and grid-scale 
renewables, yet higher disposable income also 
boosts transport, air-conditioning, and appliance 
ownership. These offsetting forces yield a near-ze-
ro net effect, underscoring that rapid growth alone 
is insufficient; complementary carbon-pricing or 
trading instruments are needed to tip the balance 
decisively downward.

Figure 8 illustrates the multiplier of renew-

able-energy consumption. It climbs to +0.34 af-
ter six–seven years and then plateaus at +0.3, re-
vealing a short – to medium-term “brown-build” 
phase: emissions embodied in panel, turbine, and 
transmission-line fabrication outweigh the car-
bon savings until the new capacity fully displaces 
fossil generation. Policies that shorten this pay-
back period recycled materials, domestic manu-
facturing standards, and streamlined permitting, 
are therefore essential.

Figure 9 traces the multiplier of oil-price 
shocks. An initial spike to +0.12 is quickly reversed; 
the curve ends at –0.04. The temporary uptick re-
flects a drawdown of cheaper, dirtier backup fu-

Source: Author’s calculation

Figure 7-8. Cumulative dynamic multiplier GDPREG3 and REN on LCO2

Source: Author’s calculation

Figure 9. Cumulative dynamic multiplier LOIL on LCO2
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els, while the subsequent decline signals conser-
vation and modal shifts once high prices persist. 
The overall effect is small, confirming that price 
cycles must be reinforced by durable clean energy 
incentives if they are to deliver structural decar-
bonisation.

3.10. Discussion of Findings and Contribution
The results showed that the relationship be-

tween economic growth and carbon dioxide emis-
sions in Algeria goes beyond traditional linear 
models or the Environmental Kuznets Curve (EKC). 
It was found to be asymmetric, multi-phased, and 
dependent on the level of development and energy 
consumption patterns. Long-run estimates show 
none of the three growth regimes (low, medium, 
high) exerts a significant effect, confirming that 
structural dependence on carbon-intensive sec-
tors and weak green policy have so far prevented 
any decoupling threshold. Short-run dynamics are 
more nuanced: medium growth (GDPREG2) turns 
emission-positive after two years (0.956), whereas 
high growth (GDPREG3) brings no offsetting relief, 
revealing the absence of complementary mitiga-
tion instruments. Renewable-energy penetration 
is the only robust lever, delivering a permanent 
0.155% cut in CO₂ per additional 1% share, yet it 
imposes a transitional “brown” bump (+0.215%) as 
infrastructure is built. Lagged oil-price increases 
curb emissions (−0.138%), evidencing a temporary 
behavioral substitution window. Collectively, the 
results refute growth-only prescriptions and call 
for an integrated package of renewables scale-up, 
efficiency gains, and regulatory reform. The study’s 
contribution is (i) empirical documentation of 
asymmetric, multi-regime impacts, (ii) quantifi-
cation of short-term renewable-expansion costs 
against long-term gains, and (iii) disclosure of 
conditional, delayed responses of oil prices and 
growth regimes insights, especially pertinent for 
rentier economies.

CONCLUSION

Algeria represents a suitable case study for 
examining the nonlinear, multi-stage relationship 
between economic growth and carbon dioxide 
emissions. This study employed the MT-NARDL 

model over the period 1984–2024. The results 
show that the Environmental Kuznets Curve does 
not apply, as none of the three growth regimes 
had a significant long-run effect, reflecting the 
persistence of carbon-intensive industries and 
the absence of an inflection point. Renewable 
energy emerged as the key driver of mitigation: 
a 1% increase in its share reduces emissions by 
0.155% in the long run, despite a temporary rise in 
the short run due to infrastructure-related costs. 
Oil prices had no structural impact but showed a 
short-run negative effect after one year, indicating 
limited behavioral adjustments rather than a shift 
in the energy system.

Based on these findings, four policy directions 
are recommended: (1) restructure the industrial 
model by reducing reliance on carbon-intensive 
sectors and integrating energy efficiency into 
growth strategies; (2) expand solar and wind in-
vestments while minimizing their ecological foot-
print through local manufacturing, recycling, and 
technology development; (3) channel surplus rev-
enues from high oil prices into financing the en-
ergy transition; and (4) diversify the energy mix to 
gradually reduce dependence on hydrocarbons. 
Overall, Algeria stands at a decisive crossroads: 
either maintain its carbon-intensive trajectory or 
adopt a sustainable development model centered 
on renewable energy, efficiency, and strong regu-
latory frameworks.
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