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Sustainable development through minimizing the negative externalities on the environment is one
of the important topics of economic research in recent decades. The emission of carbon dioxide
resulting from the combustion of fossil fuels in diverse sectors of the economy, which include
industries, power stations, transportation, and even the household sector, as one of the externalities
of human activities today, is known to be the cause of environmental destruction. This paper
analyzes elements which affect the emission of carbon dioxide in MENA region countries, during
2004 to 2020 by expanding the spatial Green Solow model and using the dynamic spatial panel
model (DSM). The results of the estimates imply that population growth, urbanization growth, the
share of industry in the GDP and the degree of trade openness have a positive and significant effect
on carbon dioxide emissions. However, no significant relationship was discovered between the two
variables of democracy and physical investment with carbon dioxide emissions in the goal nation.
On the other hand, the spatial correlation among sections was confirmed. In addition, the
convergence of the factors affecting carbon dioxide emissions was confirmed in the investigation
period, which means that nations have tried to reduce carbon dioxide emissions in the duration.
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Introduction

In recent decades, many studies have been conducted focusing on the effective factors on the negative environmental
consequences of economic activities; including the investigation of influential factors on the emission of greenhouse gases
as a destructive factor of the ozone layer.

This paper studies the theoretical literature related to the subject. Then it examines the convergence of effective factors
on carbon dioxide emissions and the mutual impact of the studied countries on each other in a spatial panel model.
Among carried out studies on factors affecting carbon dioxide emissions, a small number have investigated the
convergence and mutual effects at the same time to help economic policy making. The economic factors studied in this
research include the degree of trade openness, the share of industry in the GDP, investment in physical capital, population
density, the percentage of urbanization and democracy, which is in the form of an economic model and its estimation is
based on the dynamic spatial panel approach.

Materials and Methods
According to the model used in Rios' study (2018), the developed model of Brooke and Taylor's, the following model has
been selected for this research:

Yi = lu+p\NYt+]/Yt—l+77WYt—l+ Xtﬂ_'_w Xt9+gt

Yt is a 1xn vector containing the logarithm of the average per capita annual CO2 emissions measured, for more than five
years for each country i at a certain point in time t, Xt is an nxk matrix of exogenous socio-economic variables with
Response parameters related to itself (B) and neighbor (0) in 1xk vector, which is assumed to influence CO2 emissions
per capita. y is the delay response parameter of the dependent variable Yt-1. WYt and WYt-1 show the endogenous current
and delayed interaction of the dependent variable. p is the spatial auto regression coefficient. W is an nxn matrix that
describes the spatial arrangement of countries in the sample. p (u=p1,...,u N) is a vector with control fixed effects for all
countries, the omission of which can bias cross-sectional estimates.

¢ is a disturbance vector that has a distribution with mean zero and variance s2.

The estimator used to estimate the above equation is BCQML Error Correction Maximum Likelihood (BCQML).

The inference of DSDM in equation (1) should be based on the expression of the partial derivative and the calculation of
direct, indirect, and total effects

The geographical area of this research is the countries of the Middle East and North Africa region (MENA) including 19
countries, Iran, Algeria, Bahrain, Djibouti, Egypt, Irag, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Occupied
Palestine, Qatar, Saudi Arabia, Syria, Tunisia, UAE, and Yemen

The economic factors studied in this research include the degree of trade openness, the share of industry in the GDP,
investment in physical capital, population growth, the percentage of urbanization and democracy.

Discussion of results
The model estimation results are as described in the table below.

P>|t| t statistic | standard deviation coefficients Variables Variables symbol
0.000 15.00 0.0536 0.8047 CO2 PC(T-1) Lag of variable Y
0.002 3.18 0.0892 0.2839 CO2 PC Soatial lag Y variable spatial lag
0.091 1.69 0.0085 0.0144 Population X1

0.039 2.08 0.0029 0.0061 Trade Openness to GDP X2

0.034 2.15 0.0269 0.0578 Urban Rate % of POP X8

0.841 0.20 0.0016 0.0003 Democracy X4

0.001 3.27 0.0039 0.0128 Industry Share X5

0.172 1.37 3.7e-10 5.06e-10 Investment Share X6

0.017 -2.41 2.3821 -5.7311 constant

Source: research findings

which shows that democracy and investment do not have a significant effect on CO, emission, but the effect of other
variables is significant, also the hypothesis of convergence and spatial effect were confirmed.

Conclusions

According to the results of the DSM estimation, each unit increase in population density increases the per capita emission
of carbon dioxide by 0.0144 unit. Also, with the increase in the percentage of urbanization, 0.0578 unit of carbon dioxide
is released into the air for each unit. The trade of openness due to the introduction of outdated and polluting industries
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from developed countries to developing countries can turn the MENA region into a haven for environmental pollution.
For every one percent increase in the degree of trade openness, carbon dioxide emissions in MENA countries increase by

0.06 percent.

Also, the industry's share in the GDP is such that for every one-unit increase in this share, the air becomes more polluted
by 0.0128 unit. On the other hand, the emission of carbon dioxide in a country has a positive effect on the increasing the
emission of this gas in neighboring countries. In addition, the results of this study confirm the positive effect of spatial

pollution spillovers of countries.
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