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Abstract

Empirical research has revealed conflicting associations between dependent and indepen-
dent variables, with few studies tackling the dynamics in developing economies. This study
investigates the effects of carbon dioxide emissions, renewable energy consumption (REC),
foreign direct investment (FDI), government green capital spending (GGCS), and economic
growth (EG) in Morocco, employing the Keynesian framework of economic growth. An
autoregressive distributed lag (ARDL) methodology was applied to assess both short- and
long-term relationships among the model’s variables, using annual data from the World
Development Indicators (WDI) database for the period 1993–2020. All ARDL variables
were transformed into first differences to ensure stationarity. The bounds test confirmed
a long-term equilibrium relationship between the dependent and independent variables.
Diagnostic tests, including the White test, indicated no evidence of heteroscedasticity, and
the Shapiro–Wilk test confirmed that residuals followed a normal distribution, validating
model robustness. The model demonstrated overall stability across the study period with
no structural breaks. The empirical findings suggest that both carbon dioxide emissions
and renewable energy consumption exhibit positive trends, whereas GGCS demonstrates a
significant short-run negative correlation with economic growth. However, the long-term
coefficients were found to be statistically insignificant, suggesting that sustained policy
effects may be attenuated by macroeconomic structural factors.

Keywords: ARDL approach; renewable energy consumption; general government
consumption spending; economic growth; Morocco; foreign direct investment; carbon
dioxide emissions

1. Introduction
Economic growth is a vital concept in economics, measured by the sustained increase

in a nation’s production of goods and services over time. Other key indicators of economic
progress include employment levels, human development, and per capita income [1].
For decades, scholars and policymakers have been interested in the relationship between
economic expansion and human capital [1]. Yet empirical evidence in the past literature
has revealed inconsistencies, mainly regarding how government spending, renewable
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energy adoption, and carbon dioxide emissions interact to shape the sustainability of
economic growth [1].

Foreign direct investment (FDI) has been viewed as a catalyst for development, of-
fering various advantages. Such advantages include technology transfer, managerial skill
enhancement, market access, and potential employment generation [2,3]. However, do-
mestic investment remains vital for the establishment of a solid infrastructural foundation,
which is considered important for sustained growth and innovation [4].

Morocco has successfully attracted substantial FDI projects in sectors such as chemi-
cals, electric vehicles, renewable energy, and tourism. Moreover, government incentives
and policy frameworks have played a crucial role in supporting investment in these key
industries and promoting economic diversification [5]. Furthermore, strategic policy frame-
works such as the Investment Charter have enhanced Morocco’s competitiveness and
capacity to attract foreign investment in major sectors such as renewable energy, electric
vehicles, and semiconductors, resulting in an observed increase in FDI inflows [3].

Economic theories such as the Keynesian demand theory highlights the role of govern-
ment spending in enhancing public goods provision and improving economic well-being [6].
Like many other developing nations, Morocco faces mounting pressures and challenges
related to climate change, which has prompted short- and medium-term renewable energy
development initiatives. Paradoxically, limited empirical research has explored how Mo-
rocco’s economic development, per capita carbon dioxide emissions, renewable energy
consumption, FDI inflows, and public expenditure contribute to GDP.

The current research intends to contribute to the literature by addressing the above
gap by investigating the relationships between economic growth, per capita carbon diox-
ide emissions, renewable energy consumption, FDI, and government final consumption
expenditure in Morocco from 1993 to 2020. Additionally, this study aims to provide fruit-
ful insights regarding such interconnections, particularly within Morocco’s cultural and
economic context. The proposed constructs are based on past empirical studies conducted
within the Moroccan framework [1,7,8]. Therefore, from a practical perspective, the findings
of this study are of extreme importance when it comes to designing holistic strategies that
promote sustainable growth while maintaining environmental stewardship. Lastly, this
paper is structured as follows: Section 2 reviews the relevant theoretical and empirical liter-
ature. Section 3 outlines the methodology, proposed conceptual model, and data sources.
Section 4 presents the interpretations of the findings. Section 5 concludes with key findings,
strategic implications, and policy recommendations.

2. Literature Review
A fundamental pillar of economic literature is concerned with the bond between

energy consumption and economic growth. The pioneering work by Kraft and Kraft (1978)
founded a persistent debate on the notion of causality between these two constructs [9,10].
Within the context of renewable energy, empirical research has often yielded conflicting and
mixed results [9,10]. Chen et al. (2020) supported the findings of Taher (2017) in Lebanon,
showing a significant positive correlation between economic growth and renewable energy
utilization [11,12]. The aforementioned body of research recognized an important threshold,
suggesting that the positive impact that renewable energy has on growth only becomes
significant once a certain consumption scale is realized. Such findings highlight that
renewable energy’s contribution to growth is conditional rather than automatic, depending
on the requisite structural and technological conditions.

An equally essential literature stream examines environmental degradation, frequently
measured by carbon dioxide emissions and its linkage to economic growth according to the
Environmental Kuznets Curve (EKC) framework. Evidence from Malaysia has revealed a
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positive relationship between GDP and carbon dioxide emissions during the early stages of
development, hence supporting the traditional EKC model [13,14]. Nevertheless, as sectoral
analyses demonstrate, this relationship is dynamic and can be influenced by environmental
policies, energy composition shifts, and technological innovations.

Also, foreign direct investment (FDI) plays a pivotal role within this analytical frame-
work. In Latin America, salient benefits to FDI have been realized in relation to technology
spillovers and enhanced competitiveness. Still, these positive effects remain liable to
domestic absorptive capacities, such as the availability of skilled labor and institutional
quality and stability. Conversely, the “pollution haven” hypothesis that FDI may flow in
pollution-intensive sectors, creating a dilemma for policymakers between environmental
protection and economic development advancement [15,16].

Another persistent debate within public economics concerns the impact of govern-
ment expenditure on economic growth. According to Keynesian theory public spend-
ing stimulates aggregate demand and generates economic expansion through a multi-
plier effect. Even so, empirical investigation yields inconsistent results [6]. For example
found that research and development (R&D) spending positively affects economic growth,
whereas stressed the potential negative downsides of inefficiencies and resource misalloca-
tion [17,18]. In other words, they argued that the growth impact of government spending
depends significantly on the composition, nature, and quality of expenditures, specifically,
productive investment versus current consumption [17,18].

From a contextual viewpoint, Morocco’s economic development strategy, which inte-
grates bold renewable energy initiatives with the employment of aggressive strategies to
induce foreign direct investment, merits special attention. Previous studies, have proven
connections between economic growth, energy consumption, and environmental perfor-
mance at the national level [1,8]. This body of literature ensures a predominantly positive
relationship between renewable energy utilization and economic growth while acknowl-
edging hindering gaps. For example, there is an absence of a holistic integrated joint
analysis that evaluates the aggregate effect of carbon dioxide emissions, renewable energy,
FDI, and public expenditure on Morocco’s development trajectory. As a result, the present
research intends to address this shortcoming. By advancing empirical analysis that is
not constrained by theoretical preconceptions, the autoregressive distributed lag (ARDL)
methodological approach offers an ideal framework for reconciling such inconsistencies.
Additionally, the ARDL approach’s ability to differentiate between short- and long-term
dynamics within mixed-integration data proves valuable for assessing theoretically am-
biguous relationships, such as the observed positive association between carbon dioxide
emissions and economic growth. Consequently, the hypotheses formulated in this study
constitute empirical propositions for rigorous testing rather than rigid claims derived
from a single theoretical paradigm. To conclude, the identification of long-term positive
relationships through bounds cointegration testing, coupled with subsequent adjustment
dynamics analysis, provides robust empirical validation. This confirms the presence of a
stable, long-run equilibrium among the variables, suggesting that, despite limited theoreti-
cal consensus, the model effectively captures a persistent and meaningful economic reality
within the Moroccan setting [17,18].

2.1. Research Gap

Despite having a considerable body of literature that has tackled the bilateral relation-
ships among diverse variables from multi-dimensional perspectives (economic, environ-
mental, and energy) in Morocco, few studies have conducted a comprehensive integrative
analysis of the combined effects of carbon dioxide emissions, renewable energy utilization,
foreign direct investment (FDI), and government final consumption expenditure on the
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country’s economic growth from a holistic point of view, leaving the literature notably
scarce. Thus, this study intends to bridge the gap in the literature in three main areas.

Firstly, limited attention has been given to the establishment of a coherent link between
Keynesian macroeconomic theory and energy production dynamics, mainly in models
that explicitly incorporate energy-related determinants. Secondly, the scholarly literature
shows insufficient integration of the research variables within a cohesive framework that
is adjusted to Morocco’s distinctive nature. Thirdly, little empirical work has simultane-
ously examined short- and long-run adjustment mechanisms using the autoregressive
distributed lag (ARDL) methodology to clarify the paradoxical relationships characterizing
the Moroccan economy, such as the seemingly positive power of carbon dioxide emissions
on growth. To summarize, this investigation contributes by explaining these substantive
deficiencies by proposing an integrated empirical framework that thoroughly captures
the multifaceted interdependencies between environmental, energy, and macroeconomic
variables within Morocco’s sustainable development context. Therefore, the following
hypotheses can be hypothesized:

H1: CO2 (metric tons per capita) has an adverse effect on EG.

H2: REC (percentage of total final energy consumption) boosts EG.

H3: GGCS (percentage) has a positive impact on EG.

H4: FDI, net inflows (% of GDP) negatively influence EG.

2.2. Justification of Choice of Variables

Three theoretical, empirical, and contextual considerations justify the inclusion of
variables in this economic model. In line with the principles of growth theory, GDP per
capita, broadly recognized as a conventional indicator of economic performance, is chosen
as the dependent variable. Moreover, the analytical framework, which combines Pedroni’s
extension of the Cobb–Douglas production function with Keynesian theory, directs the
independent variable selection [19]. Furthermore, renewable energy consumption (REC)
and carbon dioxide emissions denote key energy and environmental factors necessary for
identifying contemporary growth determinants. Likewise, foreign direct investment (FDI)
is considered for its potential to boost technology transfer and capital accumulation, as
pointed out in endogenous growth theories. Additionally, government final consumption
expenditure (GGCS), a main element of Keynesian fiscal policy, is incorporated for its
impact on global demand. This rationale is empirically supported by a series of diverse
studies, some of which have been conducted in the Moroccan context and comparable
economies, thus confirming both the relevance and explanatory power of the proposed
variable set. The proposed conceptual framework aligns with Morocco’s strategic priorities,
which seek to balance economic growth, energy security, investor attractiveness, and fiscal
stability. In this manner, such variable choice provides the analysis with both political and
practical significance and relevance.

The theoretical framework is further enriched through the integration augmented pro-
duction function. It clearly encompasses energy as a production input, alongside Keynesian
mechanisms linking aggregate global demand to economic growth [20]. Additionally, this
integration facilitates the development of coherent and theoretically grounded hypotheses.
The anticipated positive effect of carbon dioxide emissions reflects the industrial activity in
a growth phase that is not yet decoupled from environmental costs; the benefits of utilizing
renewable energy accord with the theories of ecological modernization and enhance energy
efficiency, and the adverse effects of public consumption expenditures reflect concerns
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regarding the crowding out of private investment or inefficient resource allocation. Fur-
thermore, the ambiguity surrounding the expected impact of FDI represents a theoretical
discourse on technology transfer and the pollution haven hypothesis, thereby offering
a strong integrated conceptual foundation for empirical investigation. This theoretical
paradigm unleashes fruitful and beneficial insights for shaping national economic and
energy policies.

Based on the above argument, this study provides some important empirical and
contextual contributions, underpinned by a thorough methodology. It employs the ARDL
model to jointly examine the dynamic relationships between the five key variables, carbon
dioxide emissions, renewable energy consumption, foreign direct investment, government
expenditure, and economic growth, within the Moroccan context over the period 1993–2020.
Despite the strong establishment of the ARDL approach in the academic literature, its
application to this specific configuration of variables in the Moroccan setting constitutes
an innovative contribution. As such, this research bridges a salient empirical gap through
robust assessments of both the short- and long-term dynamics of the Moroccan economy.

This paper aims to investigate the relationship between Morocco’s economic develop-
ment (EG) capacity and carbon dioxide emissions, renewable energy consumption, and
government expenditure. Consequently, the following hypotheses are explained, along
with the conceptual model, as shown below, but before this, we will show table of abbrevia-
tion (see Table 1) and data source (see Table 2), so.

Table 1. Abbreviation list.

Variables Abbreviations

GDP per capita GDP
Economic growth EG

Foreign direct investment FDI
Carbon dioxide emissions CO2 emissions

General government consumption
spending GGCS

Renewable energy consumption REC

Table 2. Variable descriptions.

Variables Definition

GDP GDP per capita as proxy of economic growth
FDI Foreign direct investment, net inflows (% of GDP)

CO2 emissions Carbon dioxide emissions (metric tons per capita)
GGCS General government consumption spending of GDP
REC Renewable energy consumption of total final energy consumption

➢ FDI → economic growth (+)

Theory: Endogenous development and technological transmission.
The endogenous growth theory reinforced that economic growth results from internal

factors that are integrated into the production process rather than solely being attributed to
exogenous factors, as postulated in neoclassical models [21,22]. This framework stresses
the critical role of knowledge capital, which embraces technological progress, innovation,
and human capital as the fundamental drivers of sustained long-term growth. It points out
the positive externalities and spillover effects that transform knowledge investments into
public goods, generating stable or increasing returns to scale, in contrast to the diminishing
returns associated with physical capital accumulation. According to this theoretical per-
spective, technology diffuses through multiple interconnected channels. First, research and
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development expenditure generates substantial organizational and technical knowledge.
Second, human capital enhancement through education and training strengthens the ca-
pacity to adapt and integrate advanced technologies. International knowledge diffusion is
particularly critical for developing economies, incorporating international trade; technology
licensing; and, most importantly, foreign direct investment (FDI). These mechanisms are
essential for transferring and embedding cutting-edge technologies, managerial strategies
and practices, and quality standards within the host country’s production system.

 The underlying rationale is that foreign direct investment encourages both capital ac-
cumulation and skill transfer, thereby accelerating the technological catch-up process
and fostering sustainable economic development.

➢ REC → economic growth (+)

Energy security constitutes a fundamental pillar of economic stability and subse-
quently refined through the contributions of the World Energy Council [23]. energy security
depends upon continuous access to energy resources at affordable prices. Renewable en-
ergy enhances the resilience of production systems by reducing vulnerability to petroleum
crises and geopolitical instability [24]. This perspective is consistent with findings from the
IEA research program on sustainable energy security, demonstrating that energy stability
reduces investor uncertainty and strengthens industrial planning capacity. The shift to
sustainable development through his framework serves as a catalyst for economic modern-
ization [25]. seminal work on the Porter Hypothesis proves how environmental regulations
foster innovation and strengthen competitive advantage [26]. This transition generates
economies of scale by decreasing the costs of renewable energy (as documented in IRENA’s
comprehensive 2021 study) and elevates the overall productivity via improved energy
efficiency, thereby supporting the OECD’s theoretical growth framework.

 In other words, maximizing the use of renewable energy boosts productivity while
minimizing reliance on external energy sources.

➢ CO2 → economic growth (+/−)

Kuznets’ theory of the environmental curve (CKE)
The Environmental Kuznets Curve (EKC) hypothesis posits an inverted U-shaped re-

lationship between environmental degradation and per capita income [27,28]. Accordingly,
industrialization and economic development lead to increased carbon dioxide emissions
and other pollutants during the early stages of economic growth (the ascending portion
of the curve). The transitional dynamics attributes this pattern to the prioritization of
rapid industrial growth, often at the expense of environmental consideration [29]. The
theoretical foundations of the inverted curve are found in multiple mechanisms [30,31].
Beyond a specific income threshold, evolving societal preferences catalyzed by technologi-
cal progress and human capital accumulation ease the implementation of more rigorous
environmental regulations and a shift toward a service-oriented economy. Theoretically, the
simultaneous achievement of declining carbon dioxide emissions and continued economic
growth becomes possible through the confluence of technological innovation, structural
transformation, and societal demand for environmental quality. This assumption aligns
with meta-analytical synthesis of empirical EKC research [32].

 This theme reflects an ambiguous relationship that highlights the balance between
environmental preservation and economic progress.

➢ GGCS → economic growth (−)

Theory: Repression of private investment (anti-Keynesian).
The crowding-out hypothesis of public expenditure suggests that increased gov-

ernment consumption spending may reduce private investment through multiple chan-
nels [33,34]. On the one hand, public loans can drive interest rates upward (the financial
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crowding-out effect), hence raising the cost of credit for private organizations. On the
other hand, non-productive public spending may divert scarce resources, including phys-
ical capital and skilled labor, from the private sector toward less efficient uses empirical
analysis of public spending composition [35]. Beyond the direct crowding-out effects,
research underlines that GGCS may contribute substantially to economic distortions [36,37].
Public spending that prioritizes current consumption over productive investment may
hinder work and innovation incentives that result in economic rents and promote inefficient
resource distribution. This perspective parallels New Keynesian economic theory which
acknowledges that certain forms of public spending may produce market rigidities and
inefficiencies, constraining long-term growth potential [38].

 This concept suggests that public spending can potentially reduce economic efficiency.

3. Data and Methodology
Our research framework is based on a Cobb–Douglas energy production function,

Y = f(K, L, E), where energy (E) is explicitly incorporated as a production element alongside
capital (K) and labor (L), methodological approach. Keynesian principles related to govern-
ment spending complement this neoclassical foundation [19]. The transmission channels
are well established: the use of renewable energy (REC) promotes growth by enhancing
productivity and improving energy security; carbon dioxide emissions reflect the effects of
industrialization and reliance on fossil fuels; foreign direct investments (IDEs) stimulate
growth through technology transfer and capital accumulation; and public spending (GGCS)
affects global demand and allocation efficiency. This integrative framework enables the
simultaneous analysis of supply-side production and the demand side within the context
of Morocco’s economic development process.

Following the methodology this study employs the ARDL model for estimation. In
cases where the application of the existence of a single cointegrating vector is impractical,
the researchers proposed a way to cointegrate a bound technique for long-term relation-
ships. This technique is called autoregressive distributed lag (ARDL) and is particularly
advantageous, as it ignores the stationarity of the variables [39]. Nevertheless, ARDL yields
more accurate, efficient, and consistent estimates. Lastly, the variables’ model’s short-run
and long-run link definitions are produced by ARDL parameterization results.

Originally the ARDL approach is used in this study to investigate correlations between
LT (long-term) and ST (short-term) variables with different orders of integration. ARDL
is particularly suitable for small sample sizes and mixed orders of integration, whether
I(0) or I(1), and provides robust long-run estimates [1,40]. The optimal lag structure (p, q)
for our model is determined by applying the Hannan–Quinn, Schwarz (SIC), and Akaike
(AIC) information criteria [1]. The proposed model is based on a larger corpus of literature.
In addition, the empirical analysis relies on annual data for Morocco covering the period
1993–2020, obtained from the World Development Indicators (WDI) database. The variables
selected are based on previous research relevant to energy, the environment, and growth
relationships. Within the Keynesian growth framework, government expenditure plays a
vital role in sustaining long-term economic expansion [6]. As per the Keynesian paradigm,
sustained economic growth is enhanced by the rise of government expenditure. Accord-
ingly, this study integrates this perspective into a Cobb–Douglas production framework.
extends the model by incorporating energy as a productive input, such that Y = f (K, L, S),
where S represents the energy input necessary for growth [19,20]. Based on this theoretical
foundation, the study model is as follows:

Y = f (FDI, CO2 emissions, REC, GGFCS), (1)
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where Y is GDP per capita, REC, CO2 emissions, FDI, and GGCS.
The research model was developed by blending theory and practice. It draws on

the traditional practice of the conditional convergence model using the GDP per resident
as the absolute value rather than the growth rate [41]. The starting GDP per resident
affects the development axis in these models. Likewise, which extends the Solow model,
the transition from the theoretical model of production, Y = F(K,L,S), to the empirical
model is accomplished through typical logarithmic linearization [42]. The logarithmic
method transforms the Cobb–Douglas equation, Y = AKˆαLˆβSˆγ, into a linear form:
ln(Y) = ln(A) + αln(K) + βln(L) + γln(S). In this context, the institutional (FDI, GGCS) and
energy (REC, carbon dioxide emissions) variables are considered components of total
factor productivity, A, consistent which integrates non-traditional factors into production
functions. Consequently, the model can be expressed as

GDP per capitat = α0 + α1FDIt + α2CO2 emissionst + α3RECt + α4GGFCSt + εt (2)

where the stochastic disturbance term is denoted by ε.
To summarize, the ARDL approach provides an appropriate framework for this study’s

estimation strategy. By accommodating variables with different orders of integration and
distinguishing between short-run and long-run dynamics, the ARDL model enables a
holistic view of Morocco’s growth determinants, consistent with the theoretical foundations
of the Keynesian and neoclassical growth paradigms.

4. Results of the Study
This section examines the long- and short-run relationships between GDP per capita,

FDI, carbon dioxide emissions, GGCS, and REC in Morocco using the ARDL cointegration
approach. At this stage, location, dispersion, and normalcy indicators are computed, and
the relevant data are extracted and analyzed. The results of these computations, obtained
using EViews 12, are presented in the table below.

4.1. Descriptive Statistics

From statistical and economic viewpoints, the descriptive analysis reveals interesting,
noteworthy features. GDP per capita exhibits a mean value of approximately USD 2460,
with a wide dispersion (écart-type standard deviation of 833.8). The distribution has fairly
good symmetry (asymmetry close to zero; skewness close to zero) yet is notably flat (kurto-
sis below three), indicating a platykurtic shape. Foreign direct investment (FDI) shows a
strong probability of extreme values (kurtosis high at 6.43) and a strongly right-skewed
distribution (skewness = 1.5; asymmetry = 1.5). This deviation from normality is confirmed
by the Jarque–Bera test, which rejects the null hypothesis of normality (p-value = 0.000005)
as Shown in Figure 1. Also, CO2 emissions per capita remain relatively stable (low standard
deviation of 0.2; low standard deviation 0.299), while both government spending (GGCS)
and renewable energy consumption (REC) show globally normal distributions based on
Jarque–Bera tests.

From an economic perspective, these results reflect the evolution of the Moroccan
economy. Despite some fluctuations, the rise in GDP per capita over the study period
(from USD 1217 to USD 3498) suggests a robust economic boom. However, the significant
fluctuation in FDI inflows (from 0.66 percent to 6.44 percent of the GDP) may indicate
possible instability associated with reliance on foreign capital. In other words, the relative
stability of CO2 emissions, despite continued economic expansion, could signal an early
stage of decline. In addition, the percentage of renewable energy (from 10.45% to 22.97%)
points to an ongoing energy transition. Although this average may conceal qualitative
differences, the steady level of government spending at about 17% of GDP suggests a
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consistent budgetary approach. Overall, these findings portray an expanding economy that
is progressively managing the balance between international competitiveness, development,
and ecological transformation.

Figure 1. Normality test.

Statistically, GDP per capita (in current USD) demonstrates the highest volatility, while
carbon dioxide emissions (in metric tons) exhibit the lowest variability, as indicated by
their respective standard deviations. Furthermore, excluding the FDI variable, all other
indicators (GDP, carbon dioxide emissions, REC, and GGCS) appear to follow approxi-
mately normal distributions, with Jarque–Bera probabilities exceeding 5%. In addition,
the kurtosis coefficients for all variables (except FDI) are below three, indicating flatter
distributions relative to the normal distribution.

4.2. Unit Root Tests

The results presented in Table 3 indicate that the model variables are stationary in
initial difference, I(1). ARDL models are defined by a lag in delicate selection orders [43].
In this econometric evaluation, the optimal model was selected based on the lowest values
of the Schwarz information criterion (SIC) and the Akaike information criterion (AIC) [1,
44]. Moreover, general government consumption spending (GGCS), which increased
throughout the study period (see Figure 2), had a significant influence on the Moroccan
economy. Noticeably, Morocco’s renewable energy consumption (REC) declined between
2005 and 2011. A non-stationary series is one that exhibits a unit root [45]. Unit root
(UR) tests are, therefore, applied to control the model’s integration directive for variables.
The Augmented Dickey–Fuller (ADF) test was chosen for this purpose. The results show
that carbon dioxide emissions are stationary at level I(0), with a p-value of 0.0000, while
all other variables become stationary after first differencing, I(1). As a result, the ARDL
framework was adopted, as it allows for the inclusion of variables integrated at different
orders (I(0) and I(1)) within the same model.

Table 3. Descriptive statistics.

Descriptive Statistics Criteria GDP FDI CO2 GGCS REC

Mean 2460.017 2.197913 1.446758 16.99462 14.70143
Median 2592.318 2.104375 1.471459 16.90606 15.03000

Maximum 3498.583 6.444129 1.955308 19.40499 22.97000
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Table 3. Cont.

Descriptive Statistics Criteria GDP FDI CO2 GGCS REC

Minimum 1217.429 0.663931 0.991096 14.30467 10.45000
Std. Dev. 833.8227 1.209715 0.290854 1.286759 3.290203
Skewness −0.153952 1.500277 −0.054651 −0.034499 0.413372
Kurtosis 1.311911 6.432709 1.623676 2.109225 2.587370

Jarque–Bera 3.435192 24.25129 2.223916 0.931281 0.996063
Probability 0.179497 0.000005 0.328914 0.627733 0.607726

Sum 68,880.49 61.54156 40.50922 475.8494 411.6400
Sum Sq. Dev. 18,772,027 39.51206 2.284099 44.70524 292.2867
Observations 28 28 28 28 28

Figure 2. Conceptual model.

4.3. Co-Integration Bound Test and Optimal Lag

The maximum latency determined by the Final Prediction Error (FPE), Schwarz
Bayesian information criterion (SBIC), Akaike information criterion (AIC), and Hannan–
Quinn information criterion (HQIC) is reported in the table above. By comparing the
minimum values of each criterion across successive lag orders, the optimal lag length was
identified as 1 (662.4384 for FPE, 20.64299 for AIC, 22.09464 for SBIC, and 21.06101 for
HQIC). The ARDL regression, estimated at the optimal lag length determined by the AIC,
represents the initial stage of model estimation (see Table 2). The second stage involves
assessing both (LR) and (SR) relationships among the variables (Table 4). The regression
results reported in Table 5 indicate that carbon dioxide emissions and the proportion of
final energy consumed that originates from renewable energy have positive effects on
economic growth (EG), while GGCS has a statistically significant positive impact on the
sustainability of EG. In contrast, foreign direct investment (FDI) has a negative impact on
EG. Based on the long-run coefficients reported in Table 6, GGCS demonstrates a negative
relationship with EG, whereas REC and carbon dioxide emissions display positive and
significant effects. These findings are consistent with the results of [1,46]. The pace of
the adjustment coefficient, reported in Table 6, is negative (−0.192027), indicating how
quickly the equilibrium is distorted or how well the dependent variable reacts to the
equilibrium relationship deviation in a particular period. Additionally, three positive
short-run coefficients (781.0957, 11.39506, and 14.38036) are observed in the short-run link.
This suggests that short-run fluctuations influence the model dynamics, while deviations
from the long-run equilibrium are temporarily disregarded. Overall, these results confirm
that the Moroccan economy exhibits both short-run responsiveness and gradual long-run
convergence within the estimated ARDL framework.
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Table 4. Stationarity test.

Variable
Series

p-Value
Series in First Difference

p-ValueTest
Statistic

Dickey–Fuller
Critical Value (5%)

Test
Statistic

Dickey–Fuller
Critical Value (5%)

GDP per capita 1.631693 −1.953858 0.9717 −3.804519 −1.954414 0.0005
FDI −0.842543 −1.954414 0.3413 −12.38976 −1.954414 0.0000

CO2 emissions 0.031091 3.217145 0.0037 −4.663002 −4.663002 0.0000
GGCS 0.173015 −1.953858 0.7285 −8.329758 −1.954414 0.0000
REC −0.996210 −1.953858 0.2782 −4.993035 −1.954414 0.0000

Table 5. Co-integration bound test and optimal lag.

Number of Lags
Final

Prediction
Error

Akaike
Information

Criterion

Schwarz Bayesian
Information Criterion

Hannan–Quinn
Information Criterion

0 27339.63 24.40529 24.64723 24.47496
1 662.4384 * 20.64299 * 22.09464 * 21.06101 *
2 888.8118 20.69570 23.35706 21.46208

* Optimal number of lags.

Table 6. ARDL regression.

Sample 1993–2020

Observations 27
R-squared 0.970246

Adj R-squared i 0.961320
Prob > F 0.000000

Log likelihood −171.2607

Variables Coefficient Std. Err. T p > |t|

GDP (−1) 0.807973 0.152736 5.289983 0.0000
FDI 11.39506 27.39401 0.415969 0.6819

CO2 emissions 781.0957 443.5516 1.761003 0.0935
GGCS −100.1320 40.01883 −2.502123 0.0211
REC 14.38036 15.47447 0.929296 0.929296

REC (−1) 47.81629 38.03048 1.257315 0.2231
C (constant) 53.74452 773.3257 0.069498 0.9453

The ARDL results demonstrate the complexity of Morocco’s economic dynamics over
the study period. This significant persistence of the GDP per capita is demonstrated by the
coefficient associated with the dependent variable, with a decline (GDP(−1)) in Table 5,
which shows a positive value and is significant at the statistical level. Economically, this
suggests that the income level in a given year is closely linked to that of the preceding year,
confirming the relevance and robustness of the dynamic modeling approach.

The Akaike information criterion (AIC) as a method to evaluate the performance
and efficiency of statistical models [47]. Adding parameters during the model estimation
process increases the model’s likelihood. Based on the results presented in Figure 3, the
model with the lowest AIC value, Model 14 (1, 0, 0, 1, 0), was identified as the optimal
specification for this analysis.
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Figure 3. Optimal lag selection.

4.4. Long-Run, Short-Run, and Adjustment Dynamics

See Table 7 below, shows the short run, Long run, and adjustment of this current research.

Table 7. Results of ARDL short-run (SR), long-run (LR), and adjustment (ADJ).

Short-Run (SR)

Variables Coefficient Std. Err. T p > |t|

FDI 11.39506 27.39401 0.415969 0.6819
CO2 emissions 781.0957 443.5516 1.761003 0.0935

GGCS −52.31575 37.66135 −1.389110 0.1801
REC 14.38036 15.47447 0.929296 0.3638

C (constant) 53.74452 773.3257 0.069498 0.9453

Long-Run (LR)

Variables Coefficient Std. Err. T p > |t|

FDI 59.34094 162.0297 0.366235 0.7180
CO2 emissions 4067.635 1466.302 2.774078 0.0117

GGCS −272.4396 288.1414 −0.945506 0.3557
REC 74.88719 110.7978 0.675890 0.5069

C (constant) 279.8800 4071.950 0.068734 0.9459

ADJ

Variables Coefficient Std. Err. T p > |t|

GDP per
capita −0.192027 0.045377 −4.231785 0.0004

It is essential to distinguish between statistical significance and economic relevance
when interpreting empirical results [48]. Appropriately, the analysis of coefficient estimates
extends beyond conventional significance thresholds to include economic meaning and
theoretical consistency. Although only the carbon dioxide emissions variable is statistically
significant at the 5% level, the direction and magnitude of the other coefficients remain
consistent with prior research. The positive impact of renewable energy consumption (REC)
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is consistent with the meta-analyses of Saidi and Omri (2020) [49], where the negative effect
of government green capital spending (GGCS) is consistent with [37]. The insignificance of
foreign direct investment (FDI) reflects the complex and context-dependent nature of its
effects in emerging economies that have been well documented in previous research. Both
empirically and theoretically, the model is well supported, showing an adjustment rate of
19.2% per year (over a period of 3.3 years). More specifically, the results are in line with
ARDL studies on developing nations that consistently show that the duration of demise
for macroeconomic structural factors ranges from two to five years [50]. Furthermore,
the moderate pace of adjustment observed underscores the intrinsically evolutionary
nature of energy and institutional transformations within the Moroccan context, which
is characterized by gradual changes (Vision 2010–2030) rather than economic revolutions.
The findings support a nuanced interpretation that values both statistical robustness and
economic coherence, rather than relying solely on strict significance criteria. Finally, as
a cointegration technique, the ARDL bounds testing approach is applied to assess the
existence of long-term relationships among the model variables [1,39].

The most important stage of the analysis involves confirming the cointegration of pub-
lic revenue and expenditures to ascertain whether Morocco’s public debt can be maintained
bounds cointegration test [1,39]. This test evaluates whether a long-run equilibrium rela-
tionship exists among the variables by comparing the computed F-statistic with the critical
lower and upper bounds. Three outcomes are possible: (1) if the F-statistic exceeds the
upper bound, the variables are cointegrated; (2) if the F-statistic lies between the lower and
upper bounds, the result is inconclusive; and (3) if the F-statistic is below the lower bound,
there is no evidence of cointegration. As reported in Table 8 (ARDL regression: bounds test
results), the calculated F-statistic (F = 2.387734) exceeds the 10% significance level lower
bound of 2.2, indicating the presence of a long-run cointegration relationship among the
model variables. Thus, the null hypothesis of no cointegration is rejected, suggesting a
stable long-term equilibrium between the exogenous and endogenous variables. Before
validating the model, diagnostic tests were performed to assess heteroscedasticity and
normality. Examining whether the variance in the residuals is constant across observations
requires an understanding of heteroscedasticity. To discover this, the White test, which is
based on the Chi-square distribution, can be applied alongside other diagnostic methods.
The results indicate the absence of heteroscedasticity, confirming that the residuals are
normally distributed.

Table 8. ARDL regression: bounds test results.

F: 2.387734 27 Observations, 4 Variables

F Test
10% 5% 1%

I (0) I (1) I (0) I (1) I (0) I (1)

F 2.2 3.09 2.56 3.49 3.29 4.37

4.5. Test of Heteroscedasticity and CUSUM of Squares

To construct prediction intervals and conduct Student’s t-tests for parameter signif-
icance, it is essential to verify the normality of the error terms. The Jarque–Bera test
illustrates how to use the notions of skewness (asymmetries) and kurtosis to confirm
if a statistical distribution is normal [51,52]. Since the Jarque–Bera probability value of
45.10% exceeds the 5% threshold, the residuals can be considered white Gaussian noise
following a normal distribution. This confirms the assumption of normality. In addition,
the CUSUM of Squares test is considered the most appropriate tool for assessing model
stability. This test plots two boundary lines that define the confidence interval and trace the
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cumulative sum of the squared residuals. It may be said that based on the graph results,
the CUSUM and CUSUM of Squares plots remain within the critical limits, indicating that
the estimated model is stable and that the coefficients remain constant over time. Further,
the results confirm the existence of a long-run (LR) relationship between the exogenous
and endogenous variables, namely, renewable energy consumption (REC), government
green capital spending (GGCS), and carbon dioxide emissions—as demonstrated in pre-
vious research [1,46]. Additionally, the findings support the positive long-term effects of
CO2 emissions and REC on Morocco’s economic growth, which is consistent with [1,46].
Consequently, hypotheses H2 and H3 are confirmed. Similarly, the study reveals a neg-
ative effect of GGCS on Morocco’s economic growth, which aligns with the findings of
Zhang et al. (2021) and Connolly and Li (2016), thereby supporting H1 [17,18]. Likewise,
foreign direct investment (FDI) strongly affects environmental situations while fostering
economic growth [15]; hence, H4 is accepted. And Table 9 shows white test.

Table 9. White’s test: Heteroscedasticity.

Source Prob. Chi2 (14) Df p

Prob. F (6, 20) > Prob. chi2 (6) = 0.3111 - - -
Heteroskedasticity 0.3509 27 0.8280

The CUSUM of Squares test, along with the CUSUM graph, which is based on the
cumulative sum of the squared recursive residuals plotted between two boundary lines
representing the confidence interval, is the most appropriate tool for assessing the stability
of the model. It can be concluded that the estimated model is stable based on the graph,
which displays the CUSUM of Squares test results (see Figure 4), in that the curve remains
within the dotted boundary lines. Consequently, the coefficients remain consistent over
time. Overall, the results of the various diagnostic tests confirm the validity of our ARDL
model (1, 0, 0, 1, 0).
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Figure 4. Parameter stability: CUSUM of Squares test.
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5. Discussion
Empirical studies investigating the relationships between renewable energy consump-

tion (REC), carbon dioxide emissions, general government final consumption spending
(GGCS), and economic growth (EG) have revealed important disparities. The results
demonstrated how these variables’ interactions have evolved over time. These findings
validate Keynes’s central hypothesis, which put forward a significant positive correlation
between GGCS and EG [53]. However, this study’s results oppose the Keynesian hypoth-
esis by showing that the general government expenditure negatively impacts EG. These
findings complement Zhang et al. (2021) and Connolly and Li (2016), which may relate to
deficiencies in the research and development process. According to Zhang et al. (2021), gov-
ernment support for scientific research and development is critical to sustaining EG [17,18].
Also, the study’s results showed that REC and carbon dioxide emissions display posi-
tive correlations and support economic growth. This confirms the previous findings of
Hanadi Taher (2024) and corroborates Bouyghrissi et al. (2021), who stated that combining
EG and energy demonstrates positive long-term cointegration [8,46]. Empirical findings
by Bouyghrissi et al. (2021) indicate that Morocco’s renewable energy utilization is starting
to yield positive effects, assuming the existence of a causal relationship between RE con-
sumption and both EG and carbon dioxide emissions [8]. On another note, regarding the
financial dimensions of sustainable development, the study examined the effect of carbon
dioxide emissions, REC, and GGCS on Morocco’s capacity to achieve sustainable economic
growth from the period of 1993 to 2020. However, foreign direct investment (FDI) also
promotes EG and significantly impacts environmental conditions [15]. The econometric
analysis’s initial step involved confirming stationarity. The series remains stationary once
the unit root test results are exposed at the first difference.

Using ARDL estimation, the study discovered that, based on GDP per capita, REC
has a negative effect on EG in the first lag, while REC showed a significant positive impact
on carbon dioxide emissions. The long-run coefficients validated the existing literature by
showing that carbon dioxide emissions and GGCS exert considerable positive influences
on Moroccan economic growth, whereas GGCS demonstrates a positive effect. Moreover,
the short-run relationship reveals two positive coefficients. This suggests that long-run
equilibrium nonconformities are disregarded, and only short-term fluctuations are taken
into consideration. The research findings show how essential Morocco’s reliance on REC
is in sustaining EG. To improve economic well-being, Moroccan policymakers should pri-
oritize promoting renewable energy sources and strengthening carbon dioxide emissions
regulations, despite the latter’s positive effect on EG and utility as an indicator of economic
productivity. Given the harmful impact of the Moroccan government’s spending on EG,
questions regarding the allocation of GGCS in general and its diversion from research
and development specifically have to be raised. It is recommended to revise the Mo-
roccan government’s policies to prioritize long-term sustainability, stressing government
investment in R&D rather than consumption. Economic growth contributes to sustainable
development, according to Fikri and Rhalma (2024) [1]. The concept of “sustainable devel-
opment” embodies a widely held philosophy highlighting a balance between human needs,
economic advancement, environmental preservation, and social harmony. Remarkably,
strategies that might be considered beyond those presented in various media need not
ultimately constrain expansion to the point of environmental crisis. Extensive research
discusses sustainable development, with numerous organizations, institutions, and social
structures advocating its adoption. It is believed that everyone should have access to the
environment as a shared resource that does not cost anything. This costless approach has
resulted in natural resource exhaustion and climate change, with both presenting major
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challenges to aspirations for long-term EG. However, sustainable development demands
proper valuation of human capital according to Fikri and Rhalma (2024) [1].

Moving beyond straightforward statistical analysis, examining the results from eco-
nomic and political perspectives reveals fruitful implications for Morocco. The positive
correlation between carbon dioxide emissions and economic growth underscores the main
challenge of energy transition. On the one hand, Morocco’s economy depends on high-
carbon activities for growth, necessitating strategies targeted at economic diversification
and investment in low-carbon technologies to prevent decoupling. On the other hand,
GGCS’s detrimental effects on economic growth underscore the need for profound bud-
getary reform to redirect expenditures from present spending toward productive invest-
ments in infrastructure, R&D, and human capital. The rationale behind the acceleration
of national strategies like Noor and green hydrogen is justified by renewable energy’s
(REC) benefits, which integrate and interrelate with industrial policies aimed at creating
value and employment chains. In conclusion, these findings lay the groundwork for a new
integrated economic approach wherein environmental sustainability and public financial
efficiency become complementary, rather than antagonistic, instruments for robust growth.

Policy Recommendations

Establishing a beneficial relationship between carbon dioxide emissions and growth
mandates a strategic carbon reduction policy targeting the most polluting sectors while
preserving the economy. The stated advantages of renewable energy usage validate the
acceleration of national initiatives, such as Noor and green hydrogen, within a competitive
industrial framework. Conversely, the negative effects of public consumption expendi-
tures stress the need for budgetary reform aimed at redirecting them toward profitable
investments in human capital, R&D, and infrastructure. These consequences, nevertheless,
remain contingent upon the methodological constraints of the causal inference analysis of
this study.

This research goes beyond a straightforward assessment of growth by incorporating
sustainable durability as a main factor in result interpretation. Drawing upon Pedroni’s
(2004) work, the explicit integration of renewable energy consumption and CO2 emis-
sions as productive factors in expanding the production function constitutes a conceptual
advancement that directly articulates economic performance and its environmental con-
straints [19]. The principal finding regarding emissions’ positive growth effect is interpreted
not as a normative conclusion but rather as evidence of the Moroccan economy’s inher-
ent reliance on fossil fuels, which is a critical component of its ecological transformation.
Simultaneously, the benefits accompanying renewable energy highlight the viability of
a progressive decline. The political discussion that follows focuses specifically on the
prerequisites for long-term growth, advocating for reorientation of public investments in
favor of low-carbon innovation while emphasizing the central role of national programs
like Noor. Therefore, sustainable durability is not merely an outward appearance; rather, it
serves as the guiding principle and analytical foundation for the evaluation of the Moroccan
economic dynamics. The short-term positive correlation between carbon dioxide emissions
and economic growth is strictly interpreted as evidence of a structurally persistent reliance
on fossil fuels, reflecting the current state of industrial development in Morocco. Conversely,
the statistically significant positive effect of renewable energy demonstrates the economic
feasibility of an energy transition and its potential contribution to a progressive disengage-
ment between growth and emissions. These empirical findings are consistently linked
to environmental policy challenges, such as the necessity of redirecting public spending
toward ecological infrastructure and reforming environmental fiscality to include carbon
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costs. This provides a robust analytical framework for directing national development
strategies with low carbon emissions.

Although the focus of this study is primarily economic, its ramifications can be directly
integrated into Morocco’s environmental commitments and Sustainable Development
Goals. The empirical evidence concerning renewable energy and carbon dioxide emissions
effects provides quantifiable metrics for SDG 7 (access to one’s own energy) and SDG 8
(quality and economic development), whereas the public expenditure analysis provides
insights relevant to SDG 9 (innovation and infrastructures). Investment directed toward
renewable energy sources represents a cornerstone of Morocco’s energy transition strategy
and helps with the implementation of its CDN (Contributions Determined at the National
Level) within the framework of the Paris Agreement. This research study incorporates
sustainability as an interconnected paradigm within socio-theoretical frameworks. An
important social dimension concerns how different energy policies affect economic growth
and job creation in the environmental sector. Though not explicitly stated, this research
guides the evaluation of trade-offs between economic, environmental, and social goals.
This approach aligns with the holistic approach of sustainable durability science, which
acknowledges the indivisibility of these three pillars.

6. Conclusions
This study examined the effects of carbon dioxide emissions, renewable energy con-

sumption, foreign direct investment, government general consumption spending, and
economic growth in the Moroccan context spanning 1993 to 2020. The empirical results
illustrate that carbon dioxide emissions and renewable energy have positive effects on eco-
nomic growth, whereas government general consumption spending manifests a negative
relationship, contradicting Keynesian theoretical expectations. With stable and normally
distributed residuals, the ARDL methodology validates a long-run equilibrium relationship
between the variables. These findings present the significance of sustained energy policies
while questioning the efficiency and effectiveness of government general consumption
spending. This investigation acknowledges limitations. Notwithstanding its temporal
scope, the analysis period precludes capturing the effects of recent Moroccan renewable
energy consumption reforms. Moreover, the exclusion of institutional or geopolitical de-
terminants may affect the observed relationships. Finally, while the economic framework
is rigorous, it overlooks external factors that could influence the dynamics under study,
like global crises or fluctuations in the price of petroleum. In order to facilitate regional
comparisons, future research should extend the analysis to other African countries. Equally,
the incorporation of additional variables, including technological innovation or institu-
tional quality, would enable refinement of the conclusions. The robustness of the results
could also be strengthened through a panel dynamic approach. Furthermore, qualitative
investigation, including interviews with policy decision-makers, could shed light on the
mechanisms underlying the observed relationships. Finally, a more comprehensive sectoral
analysis of public spending across infrastructure, healthcare, and education would have
facilitated the identification of the areas where government involvement is most effective
for long-term sustainable growth. These research directions would enable better orientation
of Morocco’s economic and environmental policies within the context of the global energy
transition. Despite the undeniable methodological advantages of the ARDL framework
for this analysis, it does have noteworthy limitations. Firstly, its capacity to accommodate
integrated variables of the order I(0) or I(1) becomes a significant disadvantage when
confronting series stationary at I(2), which it cannot incorporate. Secondly, the selection
of the number of delays (p; q) and the different information criteria (AIC; SIC) may lead
to the divergence of model specifications, potentially compromising the reliability and
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robustness of the results. Conversely, although the ARDL model is relatively more effective
than other alternative cointegration techniques, operating with a small sample size (28
observations) limits the precision and accuracy of estimators and the solidity of statistical
tests. Ultimately, the ARDL model does not directly allow for the identification of multiple
simultaneous cointegration relationships, which represents a structural limitation in size
given the hypothesis that our variables may theoretically exhibit several long-run equilibria.

Limitations and Future Research

It is imperative to acknowledge some limitations in this research. Despite three
decades of coverage, the analysis remains insufficient in fully capturing the effects of recent
energy reforms in Morocco, like green hydrogen initiatives. Moreover, the analysis is
constrained by data availability and may be influenced by the absence of institutional or
geopolitical determinants that shape the observed dynamics. Furthermore, while the ARDL
methodology is sound, its application to a small sample size (28 observations) may hinder
the estimators’ effectiveness. Lastly, this approach does not directly address concerns
related to missing variables or inverse causality.

This research opens up a number of prospective research directions, including extend-
ing the analysis to several African countries that share comparable characteristics with
Morocco in an effort to enhance the generalizability of the findings. Additionally, incor-
porating other institutional variables, such as effectiveness of governance and corruption
indices, and technological determinants, such as R&D expenditures and environmental
patents, would facilitate the identification of critical mechanisms that underpin the ob-
served relationships. Finally, the application of causal identification techniques, including
instrumental variables or double differences, to specific policy reforms, coupled with sector-
by-sector analysis, would strengthen our understanding of the mechanisms governing
Morocco’s energy transition.
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