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theoretical process of transition to a monetary policy that incorporates these issues, the study
examines potential strategies of MENA countries. It analyses empirical approaches to the
relationship between climate, productivity, and monetary policy. Empirical results reveal that
in the MENA region, CO2 emissions do not significantly impact long-term growth, mainly due
to the high dependence on extractive industries. However, this dynamic could conceal long-
term challenges, particularly in economic diversification and energy transition. Moreover,
private credit has a negative effect on growth, while the money supply has a significant positive
impact. Economic openness spurs growth, but its effects are less pronounced. The results call
for prudent credit management and tighter regulation while underscoring the importance of
energy transition and diversification-orientated economic policies to ensure long-term

sustainable and environmentally sound growth.
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1. INTRODUCTION

Countries in the Middle East and North Africa (MENA) are facing increasing climate change challenges, which are
manifesting alarmingly with the frequent establishment of new temperature records over the past five years
(Intergovernmental Panel on Climate Change (IPCC, 2021)!. This region experienced a significant increase in
average temperatures, exceeding pre-industrial levels by 1.25°C (NASA,2021)2.

This climate change has profound implications for the MENA economy and financial system. Financial authorities,
such as the African Development Bank and local central banks, undertake in-depth assessments to measure the
economic impact of climate change through economic resilience testing over five years. These assessments include

! https://www.ipcc.ch/report/ar6/wg1/
2 https://climate.nasa.gov/vital-signs/global-temperature/
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using diversified scenarios developed in collaboration with international climate partners such as the Network for
Greening the Financial System.

The objective of these efforts is to identify the sectors most vulnerable to climate risks and formulate appropriate
adaptation strategies (BCEAO, 20233; BIS, 20234). This includes adjustments in economic policies, financial
infrastructure, and industrial practices to build resilience to the future impacts of climate change. These strategies
aim to protect regional financial stability while promoting sustainable economic development that can withstand
growing long-term climate challenges.

The consequences of climate change could disrupt the transmission of monetary policy actions from central banks
to financing conditions for households and businesses, thereby affecting consumption and investment,
underscoring the importance of proactively anticipating and managing these risks (ECB, 20235; NGFS,2023°¢).
Climate change is likely to further restrict the effectiveness of conventional monetary policy, particularly by
reducing the equilibrium real interest rate, a key indicator for balancing saving and investment. For example, rising
temperatures can undermine labor productivity while increasing morbidity and mortality, thus reducing the
potential for economic growth. In these circumstances, policymakers may need to reallocate resources toward
climate-adaptation measures, while heightened climate-related uncertainty will increase precautionary saving
behavior and weaken incentives to invest. These combined effects can put downward pressure on the equilibrium
real interest rate, increasing the risk of hitting the lower bound of the policy rate.

Moreover, the effects of climate change on inflation should not be underestimated. The IPCC (2021) notes that an
increased frequency of extreme events, such as storms, droughts or heat waves, can disrupt agricultural and
industrial production, leading to short-term inflationary pressures. Reduced harvests may, for example, lead to
higher food prices, while the adjustment or reconstruction costs borne by businesses are likely to be reflected in
final prices. These echoes work by Elekdag & Tuuli, ( 2022), which highlights how climate shocks can make
inflation more volatile and less predictable, making it more difficult for monetary policymakers.

Without effective mitigation and adaptation policies, climate disruptions are likely to become more frequent and
severe, with lasting impacts on employment, income and household purchasing power. This calls for an in-depth
review of the economic policy frameworks. Integrating climate risks into macroeconomic models is becoming
imperative to preserve long-term economic stability.

With this in mind, we contribute to the existing literature by analyzing the interactions between climate change,
monetary policy and economic growth in MENA countries. Our approach is built around four complementary
strands. First, we offer a theoretical reflection on how monetary policy frameworks need to evolve to better respond
to the challenges posed by climate change. Next, we review existing empirical approaches that analyze the
interactions between climate, productivity, and monetary policy, drawing on contributions from the NGFS (2020)7
and the work of Krogstrup, ( 2019). Third, we will develop a suitable empirical methodology for assessing the
effects of climate shocks and monetary responses on economic growth. Finally, we use the CS-ARDL model, which
provides a fine analysis of the short- and long-term dynamic relationships between the different variables studied.
Our objective is to propose concrete ways of adapting economic policies, considering the specific structural, social
and environmental characteristics of MENA countries. This work aims to inform thinking about how to achieve
resilient, inclusive and sustainable economic growth in the context of growing climate change.

2. LITERATURE REVIEW

It is crucial to examine case studies, economic models, and data analyses to establish empirical validation of the
relationships between climate, productivity, and monetary policy. Here is an overview of the relationships
identified in these MENA countries' methods and empirical results.

shttps://www.bceao.int/fr

4 https://www.bis.org/publ/bcbs/

5 https://www.ecb.europa.eu

6 https://www.ngfs.net

7 https://www.ngfs.net/system/files/import/ngfs/medias/documents/ngfs_ guide_scenario_analysis_final.pdf
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The shift to a new policy approach in response to climate change can create a range of adaptation challenges needed
to mitigate adverse economic impacts (Dées & Weber, 2021). These challenges include the complex adjustments in
economic policies, regulations, and technologies needed to meet the ambitious climate targets set by MENA
countries and other international agreements.

In MENA, the transition to a low-carbon economy takes place against a complex and diversified economic backdrop
(IPCC, 2022). Historically dependent on revenues from the oil and gas industries, these countries face considerable
challenges in diversifying their economies while reducing greenhouse-gas emissions. The high upfront costs
associated with the transition to renewables and improving energy efficiency represent a major challenge, especially
in an economic environment where financial resources may be limited. But this transition also offers significant
opportunities. Investments in renewable energy can boost local job creation, encourage technological innovation,
and strengthen long-term energy security. By adopting ambitious climate policies, MENA countries can improve
their global economic competitiveness, attract foreign investment in sustainable sectors, and strengthen their
resilience to the impacts of climate change. Thus, the energy transition represents not only an environmental
imperative, but also a strategic opportunity for these nations to turn their climate challenges into engines of
sustainable growth and inclusive economic development.

Indeed, monetary policy plays a crucial role in managing the risks associated with climate change by directly
influencing economic dynamics and investment decisions. Interest rate decisions, for example, can have a
significant impact on companies' choices regarding clean technology and renewable energy. Accommodative
monetary policies can encourage investment in these low-carbon sectors, thereby supporting efforts to reduce
greenhouse gas emissions and mitigate the effects of climate change.

However, inappropriate or unaligned monetary policy with climate goals could compound risks by promoting
investments in carbon-intensive industries, thereby prolonging dependence on fossil fuels and delaying the
transition to a more sustainable economy. Integrating monetary policy into climate risk analysis is therefore
essential to promote effective and sustainable management of global environmental impacts. By aligning climate
goals with political and economic decisions, governments can play a decisive role in promoting more sustainable
and resilient economic practices in the face of the challenges of climate change. Climate change is a growing and
multifaceted threat to ecosystems. According to the (IPCC), impacts include rising global temperatures, more
frequent extreme weather events and rising sea levels ( IPCC, 2023). Accelerated nature degradation exacerbates
this crisis by amplifying the effects of climate change, as highlighted by several recent studies on biodiversity loss
and its impact on ecosystem services (Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services ) (Seguin, 2022) (Wang & Qi, 2025).

Indeed, high temperatures are likely to reduce labor productivity, leading to higher rates of illness and mortality
(Hsiang et al., 2017). According to a World Health Organization study (2021), heatwaves can affect workers'
physical and mental health, reducing their effectiveness at work. This underscores the need to redeploy productive
resources to finance adjustment measures, even in times of economic uncertainty (IPCC, 2022). On the climate
front, rising temperatures could lead people to save more as a precaution, while weakening their incentive to invest
in long-term projects((Baker, S. R., Bloom, N., & Davis, S. J., 2016). This can also have an impact on interest rates.

Dell et al. (2012) provide additional insight by demonstrating that countries with higher temperatures tend to have

slower economic growth. This is attributed to a decline in labor productivity8, exacerbated by the effects of climate
on the health and well-being of workers. Indeed, temperature increases may reduce people's ability to work
efficiently, thereby impacting countries' economic performance.

Empirically, studies using panel data provide valuable insights into the variability of climate impacts across regions
and economic contexts. Analyses show that developing countries, often with less robust infrastructure and limited
adaptive capacities, are more vulnerable to the effects of heat waves. Moreover, examining transmission

8 Increased Productivity — GDP Growth
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mechanisms such as health, fatigue, and machine efficiency highlights the complex interactions between climate
and economic growth. Climate-smart business models, such as those developed by Nordhaus (2013) show how
appropriate policies (such as carbon taxes or renewable energy subsidies) can mitigate the negative effects of
climate change on productivity. Empirical studies indicate that infrastructure investments (e.g., irrigation systems,
coastal protections) improve economies' resilience to climate shocks and help maintain or increase productivity
(World Bank, 2020)9. Statistical analyses on macroeconomic data have revealed that countries with robust climate
policies, such as renewable energy investments, show higher resilience of productivity in the face of climate change
(Acemoglu & Restrepo, 2018). This suggests that proactive climate policy actions can play a crucial role in
stabilizing economic productivity, particularly in the context of increasing climate change. Finally, empirical
evidence confirms that climate change has a significant impact on productivity, while economic policies can
mitigate or exacerbate these effects. Therefore, it is essential that governments adopt integrated approaches that
combine economic development and environmental sustainability. Such an approach can not only improve
resilience to climate challenges but also contribute to long-term sustainable economic growth.

2. EMPIRICAL METHODOLOGY
3.1 Variables definition and data
The period of work from 1990 to 2023 covers MENA countries (Algeria, Bahrain, Iran, Jordan, Kuwait, Lebanon,
Libya, Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia, Yemen, United Arab Emirates). The analysis is based

on data from the World Bank, specifically the World Development Indicators (WDI) database. Iraq was excluded
due to the lack of data for the variable "private sector domestic credit', thus reducing the number of countries to 15.

Table1: Variables, measurements and sources of data

Variables Measurements Sources
GDP Annual growth rate of real GDP WDI
LTRADE Trade as a percentage of GDP expressed in logarithm WDI
LCREDIT domestic credit to the private sector as a percentage of GDP expressed in WDI
logarithm
CO2 COz2 emissions per capita (in metric tons) WDI
MM money supply growth in annual percentage WDI

The analysis of these variables provides a better understanding of how economic and environmental factors have
influenced GDP growth in the MENA region over the past decades. The interaction between economic
development, trade, private finance, and environmental impact is at the heart of this study. For example, sustained
GDP growth can be associated with rising CO2 emissions. However, other factors, such as trade structure or access
to private finance, can play a moderating role. Similarly, examining the money supply makes it possible to grasp the
impact of monetary policies on economic and environmental dynamics. Deepening these relationships offers
critical opportunities for policymakers seeking to reconcile economic growth and environmental sustainability in
this rapidly changing region.

The model
GDPi't = BlLCREDITi_t + BZLTRADEM + B3C021‘t + B, MMi't + &t (1)

3.2 The theoretical approach

® https://www.worldbank.org/en/topic/climatechange
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This study uses an advanced econometric model, the Distributed Autoregressive Transversely Increased Delay
Model (CS-ARDL), to address the challenges of analyzing complex economic data in the MENA region. This model
is particularly well suited to deal with three major problems often encountered in panel analyses: slope
heterogeneity, endogeneity, and cross-sectional dependence.

Cross-cutting dependency: MENA countries are not independent of each other, and events or policies in one
country can have an impact on others. This can lead to a correlation between countries. CS-ARDL allows this cross-
sectional dependency to be modeled to avoid biased results.

Heterogeneity of slopes: This phenomenon refers to the variability in the relationships between independent and
dependent variables across countries. In other words, how economic factors influence economic growth may differ
from country to country, even within the same region. The CS-ARDL model makes it possible to consider this
heterogeneity in the estimation of the parameters to obtain more precise and reliable results.

Endogeneity: This is the problem where some explanatory variables can be correlated with the model error, leading
to estimates' biases. For example, there could be a reciprocal relationship between economic openness and the rate
of GDP growth. CS-ARDL incorporates methods to address this problem by considering causal relationships
between variables.

3.3 Framework for empirical analysis
Analysis begins with preliminary tests to identify the specifics of the data.

e Test of Pesaran (2015): This test is used to detect the presence of cross-sectional dependencies in the data.
This means that if one country observes economic variation, it could affect other countries similarly. This
should be considered to avoid errors in estimating the relationships between variables.

o Test of Hashem Pesaran & Yamagata (2008): This test is then used to consider the heterogeneity of
economic relations between countries. It checks whether the estimated coefficients are homogeneous
across countries, which is essential for panel models like this.

The test equations for SH test are given as:
< 1 11 2
Asy= (N)z 2K) 2 (5 S—K) (2)

2k (T-k-1)=% ,1 %
2§52 (3)

< 1
Apsu= (N)z (

e Stationarity tests: Before estimating the cointegration relationships, verifying that the variables studied are
not subject to non-stationary trends that could distort the results is necessary. The CIPS test (Im et al.,
2003) and the adjusted Dickey-Fuller test for panel data (CADF) are used to test the stationarity of
variables in each country.

Ayic = @i + @i Zipq + @iVi1 + T @i AVeor + Ty @il AYie + Uit 4)
The test statistics is given as:
CIPS = N™' ¥ CDF; (5)

e Panel cointegration test of Westerlund (2007): After the stationarity tests have been carried out, this test is
used to check whether there are long-term relationships between the variables. For example, it can be used
to determine whether a change in the money supply or economic openness has a lasting impact on
economic growth or whether these effects are transitory.

The Westerlund test utilizes the following statistics:
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Go = ¢ 2N, a,-(1]) (7)
a
Pr=5 (&) ®)
P, = Ta (9)

Moreover, CS-ARDL estimates the dynamic effects of independent variables on the dependent variable. The CS-

ARDL's equation is:

GDP = ap + Z]P=1 Yic GDP¢j + ij=o Qi Xe—j + Zf:o Vit zt—j + uj (10)

where Z;, = (AGDP,, X;;) and X;, = (LCREDIT,, , LTRADE,,, C02;,, MM;,)

Table 2: Test for weak cross-sectional dependence (Test of Pesaran (2015))

Variables Test statistics P-values
GDP 11.18561 0.000
CO2 12.81713 0.000
LCREDIT 18.43816 0.000
LTRADE

13.79749 0.000
MM 9.626032 0.000

Null hypothesis (Ho): There is no cross-sectional dependence; errors are independent between the different cross-
sectional areas.

Alternative hypothesis (H1): There is a cross-sectional dependence errors are correlated between cross-sectional
areas.

The results of the Pesaran cross-sectional dependency test (Table 2) indicate a significant correlation between
cross-sectional unit errors (for MENA countries). Indeed, the p-value associated with the test statistic is extremely
low (0.0000), well below the significance threshold of 0.05. This leads to rejecting the null hypothesis of the
absence of transverse dependence. This low p-value suggests that there is significant cross-country dependency,
meaning that the errors of different countries are correlated.

Table 3: Slope homogeneity test (Test of Hashem Pesaran & Yamagata (2008))

Slope Homogeneity Tests Astatistic P-value
Atest 10.337 0.000
Aadjtest 11.717 0.000

The results of Table 3 show that the associated p-value is below the significance threshold, which leads to the
rejection of the null hypothesis. This indicates that the coefficients are heterogeneous and that long-term
relationships vary from variable to variable. Therefore, the rejection of the null hypothesis suggests that the impact
of these variables on CO2 emissions is not uniform across countries. Each country could have a specific relationship
with CO2 emissions, depending on its economic and institutional characteristics.
In this context, the CS-ARDL model effectively corrects the problem of slope heterogeneity and cross-sectional
dependence by allowing for the modeling of long-term and dynamic relationships specific to each cross-sectional
unit while considering the correlation between the units.

Copyright © 2024 by Author/s and Licensed by J[ISEM. This is an open access article distributed under the Creative Commons Attribution License 1238

which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management
2026, 11(2s)

e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

e Panel Unit Root Tests

Two stationarity tests on panel data are applied: the Cross-Sectionally Augmented IPS (CIPS) test and the Cross-
Sectionally Augmented Dickey-Fuller (CADF) test. The CIPS test is an extension of the IPS test for panel data,
which makes it possible to consider the cross-sectional dependencies between the different sections of the panel.
The CADF test, meanwhile, adapts the Dickey-Fuller test for panel data by incorporating cross-sectional effects, to
improve the examination of stationarity in a cross-sectional and temporal data framework. The purpose of these
tests is to verify whether the panel data sets are stationary, considering possible interactions between the panel
units. Table 4 (above) summarizes the results of these tests. It is observed that the variables LCREDIT and CO2
become stationary after a transformation to a first difference. This means that these variables are integrated in
order one, i.e. I(1), according to the different models tested: the one with a constant and a trend, the one with a
constant only, and the one without a constant or a trend. On the other hand, the variables MM, LTRADE, and GDP
are integrated of zero order, that is I(0).

Table 4: CIPS and CADF unit root test results

Level First difference Order
Cross-Sectionally Augmented IPS (CIPS) Test with without ~ With  without
trend trend trend trend

GDP 0.0000 0.0000* 0.0000 0.0000 1(0)
CO2 0.9808 0.1326  0.000*  0.0000 I(1)
LCREDIT 0.8841 0.0095 0.0000 0.0000 I(1)
LTRADE. 0.0327 0.0137 0.0000 0.0000 I(o)
MM 0.0000 0.0000 0.0000 0.0000 1(0)
Cross-Sectionally Augmented Dicky-Fuller (CADF) Test

GDP 0.0929  0.0000 0.0051 0.0000 I(o0)
CO2 0.3752 0.0056 0.0000 0.0000 I(1)
LCREDIT 1.0000 0.0000 0.0000 0.0000 I(1)
LTRADE. 0.0929 0.0051 0.0000 0.0000 I(o)
MM 0.0177 0.0001 0.0000 0.0000 I(o0)

The statistical significance level is represented as follows: *p < 0.01

Table 5: Results of cointegration analysis.

Model Gt Ga Pt Pa
GDP = f(CO2,LTRADE,LCREDIT,MM) -4,217 -19,335 -24,019 -27,23
Z-value 0.000% 0.000% 0.000% 0.000*

*Means significance at 1%.

Table 5 presents the results of a Westerlund cointegration test. The values of the statistics (Gt, Ga, Pt, Pa) are all
negative, suggesting a strong cointegration relationship between the data series analyzed. The negative and
relatively low Z-values indicate that the results are far from the null hypothesis, which reinforces the idea that the
non-cointegration hypothesis can be rejected. And the p-values of 0.000 for all the statistics, well below the
threshold of 0.05, make it possible to reject the null hypothesis of the absence of cointegration with high statistical
confidence. The results show that variables are co-integrated, meaning they share a long-term relationship and
evolve on a common trajectory.
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3.4 Estimating short- and long-term dynamics

Once long-term relationships are identified, the CS-ARDL model can be used to estimate short-term and long-term
dynamics. The short-term analysis captures the immediate effects of certain variables on economic growth. In
contrast, the long-term analysis assesses the sustained impacts of variables such as money supply, CO2 emissions,
private credit, or renewable energy on economic growth in the region.

The CS-ARDL model can capture delayed effects on growth from economic and environmental policies, such as the
effects of renewable-energy investments or the gradual impacts of economic openness. It also provides a robust
approach to studying the complex interactions between these variables over extended periods.

This study goes beyond conventional analyses by integrating advanced econometric techniques to study the
determinants of economic growth in the MENA region. It is distinguished by providing a thorough understanding
of the respective roles of the money supply, economic openness, private sector credit, and CO2 emissions on both
short- and long-term economic growth.

In addition, the study addresses complex methodological issues such as cross-dependence and heterogeneity of
countries, providing reliable results for economic and environmental policy formulation in the MENA region. These
findings have practical implications, including for policymakers, who can use the insights gained from this analysis
to improve resource management and economic policies, including on energy transition, financial regulation, and
the promotion of sustainable growth.

Table 6: CS-ARDL's estimates: Long-term analysis

Long Run Equation
Variable Coefficient Std. Error t-Statistic P-value
CO2 0,189840 0,134259 1,413,992 0,1583
LCREDIT -2.081100%** 0,660934 -3,148,725 0.0018
LINTER 2,217,285% 1,248,740 1,775,618 0,0767
MM 0.122990*** 0.033079 3,718,031 0.0002

*** p<0.01, ** p<0.05, * p<0.1

Analysis of the long-term regression results for MENA countries reveals several relationships between economic
variables and economic growth rates. For CO2, the positive coefficient (0.189840) suggests a relationship between
CO2 emissions and the dependent variable. However, this relationship is not statistically significant, as the p-value
of 0.1583 is above the threshold of 0.05. This indicates that in this model, CO2 emissions do not significantly
directly affect long-term economic growth in MENA countries. This result can be explained by the economic
structure of the countries in this region, largely dependent on extractive industries and fossil fuels, where emissions
increase with economic growth in certain phases of development. However, this lack of significance could also
result from the particularities of the data and the absence of robust environmental policies in some MENA
countries. Consider Algeria, where the economy heavily depends on extractive industries, especially oil and gas. As
the main oil producer and exporter, Algeria faces relatively high CO2 emissions due to its energy sector, which is
mainly based on fossil fuels. In the short term, this dependence on fossil fuels can lead to increased CO2 emissions
alongside economic growth, as oil and gas extraction is a key driver of the national economy. However, the absence
of robust environmental policies, such as serious initiatives to promote renewable energies or cleaner technologies,
can limit the positive effect of economic growth on reducing CO2 emissions (Al-Mulali et al., 2015). In the Algerian
context, economic growth fueled by hydrocarbon exports has often been correlated with increases in CO2
emissions. However, the relationship between these two variables has not always been statistically significant in
economic analyses, partly due to the slow adoption of environmental reforms and the continued dependence on
natural resource extraction. This may explain the lack of significance in some studies of the MENA region, where
countries such as Algeria do not have sufficiently ambitious environmental policies to reverse this dynamic. For
example, other studies indicate that the impact of CO2 emissions on economic growth may follow an environmental
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Kuznets curve model, in which CO2 emissions increase in the short term with economic growth, but this
relationship reverses as clean technologies and environmental reforms are adopted Jalil & Mahmud (2009) and
Ozturk (2010). The results of this study may not yet capture this inversion, given the specific characteristics of the
region.

For LCREDIT (the credit log granted by the private sector), the negative (-2.081100) and significant coefficient (p-
value = 0.0018) indicate that an increase in private credit is associated with a reduction in the dependent variable.
This suggests that the rapid expansion of private credit in MENA countries could lead to financial imbalances,
banking crises, or misallocation of resources, thus holding back long-term economic growth. This is also reflected in
studies of emerging economies, where high private credit exposure can lead to economic instability (Jorda et al.,
2013). For LINTER (the log of economic opening), the positive coefficient (2.217285) shows that economic opening
favors long-term growth in the MENA region. The impact of the economic opening is extensively studied in the
literature, and several studies suggest that MENA countries, through their integration into the global economy and
access to international markets, can benefit from a flow of foreign investment, modern technology and best
business practices (Frankel & Romer, 1999). However, the p-value of 0.0767, although close to 0.05, remains
slightly above the usual materiality threshold, indicating that this effect is only marginally significant at a 90%
confidence level. This underscores that while openness is beneficial, it can depend on local economic structures,
trade policies, and institutions in MENA countries.

Finally, for MM (the money supply), the positive coefficient (0.122990) and highly significant (p-value = 0.0002)
suggest that the increase in the money supply favors economic growth in the region. Such a relationship is
consistent with monetarist principles, which stipulate that increasing the money supply boosts aggregate demand
and can foster economic growth, particularly in developing economies where access to credit and liquidity is limited
(Friedman & Schwartz, 2008). However, excessive money supply expansion can lead to inflationary pressures,
which requires prudent management of monetary policies to avoid jeopardizing long-term economic stability.

Table 7: CS-ARDL's estimates: Short-term analysis

Short Run Equation

Coefficient Std. Error t-Statistic P-value
COINTEQo1 -0.815104%** 0.070554 -11.55289 0.0000
D(CO2) 5.553553"** 2.059371 2.696723 0.0073
D(LCREDIT) -8.621068** 3.997188 -2.156783 0.0317
D(LINTER) 2.683800 2.700456 0.993832 0.3210
D(MM) -0.010927 0.019529 -0.559536 0.5762
C -1.575286*** 0.595219 -2.646564 0.0085

*¥*¥ p<0.01, ** p<0.05, * p<0.1

Analysis of the short-term model results shows important relationships between economic variables in the MENA
region. First, the cointegration variable (COINTEQo1) displays a negative and significant coefficient, indicating that
the model follows a process of adjustment towards long-term equilibrium after any short-term disturbance. This
adjustment relationship is typical of cointegration models, where short-term imbalances tend to correct over time,
particularly in economic contexts subject to external shocks (Narayan, 2005).

For CO2 (D(CO2)) emissions, the coefficient is positive and significant, suggesting that an increase in CO2
emissions is associated with increased economic growth in the short term. This can be explained by many MENA
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countries' dependence on extractive industries and fossil fuels, the expansion and investment of which generates
both emissions and increased economic output in the short term. Research, such as Maalej & Cabagnols, (2020)
and Osobajo et al. (2020), confirm that this relationship is typical in countries highly dependent on natural
resources such as oil and gas. However, this relationship can also indicate a long-term challenge to economic and
environmental sustainability, as highlighted Almasria et al. (2024), which highlight the importance of transitioning
to greener energy sources in these countries.

On the other hand, private credit (D(LCREDIT)) is negative and significant, suggesting that credit expansion in the
MENA region could have adverse short-term effects on economic growth. This observation is consistent with recent
studies on credit regulation, such as that of Mahrous et al. (2020), which show that excessive levels of private credit
can lead to macroeconomic imbalances and financial crises, especially in fragile economies where financial
institutions are not sufficiently robust. The results also suggest that MENA countries, facing business cycles and
liquidity crises, need to reassess their credit policies to avoid crowding out other sectors of the economy.

On the other hand, economic openness (D(LINTER)) has no significant effect in the short term, although the
coefficient is positive. This can be due to structural challenges in the region, where trade openness is often
hampered by protectionist policies or insufficient infrastructure. Several recent studies, such as those by
(Rasoanomenjanahary et al., 2022) and Dominguez Blancas & Angeles Castro (2024), say that while economic
openness is generally beneficial in boosting growth, in MENA, the benefits of openness are limited by internal
factors such as corruption, weak competitiveness, and excessive reliance on commodities.

The money supply (D(MM)), on the other hand, does not have a significant effect in the short term, as the high p-
value indicates. This could suggest that in some MENA countries, monetary policy is less effective in the short term,
possibly due to a lack of coordination with other economic policies or the absence of robust monetary strategies.
This lack of effect is also corroborated by the work of Mishkin, (2016) which show that the impact of changes in the
money supply on the economy is often less direct in economies strongly influenced by external factors, as is the case
in several MENA countries. In the case of Egypt, monetary policy has also been affected by external factors such as
global economic shocks and imported inflation. Since exchange-rate liberalization in 2016, the impact of the money
supply on economic growth has become less direct, as Egypt's central bank has to juggle the management of
foreign-exchange reserves and inflationary pressures, making monetary policy less effective at stimulating
economic activity in the short-term (Walker, 2018).

Another example is Saudi Arabia, where monetary policy is strongly influenced by the currency peg of the Saudi
riyal to the US dollar, owing to the economy's partial dollarization. This limits the central bank's autonomy to
adjust the money supply flexibly in response to internal economic fluctuations, especially in the context of
dependence on oil revenues. The stability of the money supply in such a system may have a limited impact on short-
term economic growth (Alzyadat, 2024). Finally, in countries such as Morocco, although monetary policy is more
independent, the effects of the money supply are often mitigated in the short term because of the country's heavy
dependence on foreign investment and the export of agricultural and industrial products. Fluctuations in
international markets, such as changes in commodity prices and global policy uncertainties, may influence
economic growth more than domestic monetary adjustments (Touzani & Brahim, 2025).

These examples highlight the importance of MENA countries' specific macroeconomic environments, which can
limit the effectiveness of monetary policy due to their reliance on natural resources, foreign-exchange reserve
management, external factors, or exchange-rate rigidities. As shown by Mishkin (2016), the impact of changes in
the money supply is often indirect and influenced by these external factors in emerging economies, as is the case for
many countries in the MENA region. Finally, the negative and significant constant in the model indicates that, in
the absence of changes in the other variables, the region's economy could experience a downward trend in growth,
which may signal structural deficits in regional economic policies. This finding is in line with the research of
Bousnina and Gabsi (2022) that MENA countries need to diversify their economies to reduce their vulnerability to
external shocks and promote more stable and sustainable growth.
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4. ROBUST RESULTS

To demonstrate the robustness of the results obtained in Table 6 (ARDL model :long-term Analysis) from Table 8
estimation of the average Pesaran & Smith (1995) group and estimation of the common correlated effects of the
average group, we need to analyze the coherence and robustness of the main results through different estimation
methods. The ARDL model, which highlights the negative and significant impact of credit (LCREDIT) on economic
growth (coefficient of -2.081100, p-value of 0.0018), is confirmed by the estimation of the average group of Pesaran
& Smith ( 1995) in Table 8. Indeed, even with a different approach, LCREDIT remains negative and significant (p-
value = 0.032), which reinforces the robustness of this relationship. This is in line with the work of Koutima-
Banzouzi et al. (2024) which underscore the importance of credit to the dynamics of economic growth, and the
literature that suggests that access to credit can, under certain circumstances, exert negative pressure on long-term
growth (Solow, 1956).

Table 8: Check for robustness

(estimation of the average =~ Common Correlated Effects

Pesaran & Smith group) Estimator - Mean Group
Coef P-values Coef P-values
LCREDIT -3,7068** 0,032 -5,0121%* 0,014
LTRADE 1,7865 0,39 1,9569 0,509
MM 0,1352 0,111 0,1094* 0,068
CcO2 -0,495 0,581 0,14735 0,918
C 11,98 0,23

% n<0.01, ** p<0.05, * p<0.1

However, while credit maintains a significant effect across all approaches, the impact of the money supply (MM)
presents more nuanced outcomes. In Table 6, the money supply has a positive and significant effect in the long
term (coefficient of 0.122990, p-value of 0.0002), supporting the idea that the increase in the money supply
stimulates economic growth, such as the work of (Daboh et al., 2024) which establish a direct relationship between
monetary expansion and economic activity. In contrast, in Table 8, the impact of MM is positive but less significant
(p-value = 0.111), suggesting that the effect of money supply may be more uncertain depending on the model used.
This indicates that, although the effect of money supply is visible in the ARDL model, it is not as clear and stable in
other estimation methods, as indicated by the research Senhadji Semlali et al. ( 2000) on the variable effects of
monetary policy on growth.

In Table 8, which uses the estimation of the common correlated effects of the middle group (CCEMG), the impact of
credit (LCREDIT) on growth remains significant and negative (p-value = 0.014), confirming that, even considering
the specificities of the countries of the region, the effect of credit on growth is robust. This is in line with the results
of Beck & Levine (2004) which argue that credit markets can have an adverse effect on economic growth in some
regions. However, the variables CO2, MM, and LTRADE are not significant, suggesting that they do not have a
systematic and strong effect on economic growth, contrary to what might be expected in some theoretical models
(estimation of the average Pesaran & Smith (1995)). This lack of significance for these variables in the CCEMG
model can be interpreted as an indirect support for the robustness of the ARDL model in Table 7, where neither
CO2 emissions nor money supply were strongly linked to economic growth, as reported by Arestis & Sawyer (
2016).

In conclusion, the results in Table 8 largely confirm those of Table 6 (ARDL model), particularly regarding the
negative relationship between credit (LCREDIT) and economic growth.

The results for money supply and CO2 emissions are more variable, with less significant effects in some estimation
methods, underscoring the robustness of the credit results. Thus, cross-analysis of the three models shows that
credit plays a significant negative role in economic growth in MENA countries, making the conclusions of the ARDL

Copyright © 2024 by Author/s and Licensed by J[ISEM. This is an open access article distributed under the Creative Commons Attribution License 1243

which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management
2026, 11(2s)

e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

model particularly strong and reliable, as supported by previous studies on the relationship between credit and
growth Sims (1980) and Romer (2019).

CONCLUSION

The results of this study show that, in the MENA region, CO2 emissions do not have a significant impact on long-
term economic growth. This lack of a relationship could be explained by the region's specific economic
characteristics, including its heavy dependence on extractive industries, such as oil and natural gas, which play a
central role in the economic dynamics of many countries. For example, Saudi Arabia, a major oil producer, enjoys
substantial revenues from hydrocarbon exports, allowing it to maintain relatively stable economic growth, despite
environmental concerns or CO2 emissions. Likewise, Algeria, which is heavily dependent on its oil and gas
resources, and Iraq, which relies heavily on the oil sector for its economy, are experiencing growth trajectories that
do not appear directly affected by the environmental impact of their CO2 emissions. These countries, with their
abundant natural resources, can continue to grow economically despite high levels of emissions, as the extractive
industry remains a central driver of their development. However, this dynamic may conceal long-term challenges,
including economic diversification and the energy transition, which are likely to become more significant as
international pressure to reduce carbon emissions grows. Moreover, private credit is having a negative effect on
growth, highlighting the risks associated with rapid credit expansion. Economic openness, while boosting growth,
has marginally significant effects. By contrast, the money supply has a positive and significant impact on economic
growth. These results underscore the need for prudent management of monetary and credit policies, while
supporting economic openness to ensure sustainable growth.

In the short run, factors like CO2 emissions and private credit significantly influence growth, while structural
elements like economic openness and the money supply require more attention to encourage stable and sustainable
growth. Economic policies in this region should include diversification strategies, stricter credit regulation, and
increased investment in infrastructure and renewable energy to foster inclusive and greener growth.

Finally, the robustness of the results obtained through the different estimation methods, in particular the ARDL
model and the estimates of average pooled effects, confirms the main conclusions, in particular the negative
relationship between credit and economic growth. This makes the results of this study reliable and consistent with
the existing literature on the role of credit in economic growth in MENA countries.
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