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Abstract 

Growing concern over urbanisation-industrialisation-environmental quality nexus motivates the present study. The 

authors investigate the effect of GDP per capita, urbanisation, industrialisation, FDI inflows, trade openness, 

consumption of renewable energy and of fossil fuels on per capita carbon dioxide (CO2) emissions (as a proxy for 

environmental quality). The fully modified ordinary least squares (FMOLS) is used to analyse these long run 

relationships in two separate models for a panel of 18 MENA region countries over the period 1995-2018.  The 

empirical results show that the environmental quality of the MENA region is subject to two opposing forces. On 

the one hand, the coefficients of GDP per capita, urbanisation, industrialisation, and consumption of fossil fuels 

have significant positive effects on CO2 emissions, thereby deteriorating environmental quality. On the other hand, 

the coefficients of trade openness, FDI inflows and the consumption of renewable energy have significant negative 

effects on CO2 emissions resulting in an improvement in environmental quality. Furthermore, Granger causality 

test results point to a bidirectional relationship between CO2 emissions and trade openness, CO2 emissions and 

FDI inflows, while there is only a unidirectional relationship from CO2 emissions to industrialisation, and to both 

the consumption of renewable energy and the consumption of fossil fuels.  With respect to urbanisation, there is a 

bidirectional relationship between urbanisation and trade openness. There is also a bidirectional relationship 

between industrialisation and both the consumption of renewables and the consumption of fossil fuels. Policy 

implications to capitalize on the factors improving environmental quality, and to minimize the factors degrading 

the environment in the MENA region are also given.  
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1. Introduction 

Urbanisation and industrialisation have always been features of modernity. It is true that modernity has impacted 

human’s way of life to a great extent and has led much prosperity of mankind. Nevertheless, environmental 

degradation can be a likely result of the massive urbanisation and industrialisation. Literature is rich with advocates 

of industrialisation and urban expansion as being the only paths for development such as the structural change 

theories (Todaro, 2020). However, with more reliance on urbanisation and industrialisation, there is a threat of 

depletion of natural resources, rise of environmental pollution level and degradation of environmental quality 

(Kwakwa and Alhassan, 2018).  The United Nations has stated in its chronicle that “in addition to experiencing 

the effects of climate change, cities disproportionately contribute as much as 70 per cent of the world's greenhouse 

gas emissions”1. This is even magnified with more population growth and low levels of development. Indeed, this 

issue has captured the interest of many researchers such as Li and Lin (2015), Samreen and Majeed (2020) and 

Ahmed et al. (2022). 

In addition, the relationship between urbanisation, industrialisation and the environment has been studied in many 

regions of the world. Nevertheless, studying this relationship in the MENA region remains limited. This has 

motivated the present research.2 Accordingly, the research problem is to investigate urbanisation-industrialisation-

environment relationship in the MENA region. Specifically, the research question is the effect of urbanisation, 

 
1 https://www.un.org/en/chronicle/article/addressing-sustainable-urbanization-challenge. 
2 For more information, see Al-Mulali,and  Ozturk (2015). 
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industrialisation, and other determinants of environmental quality such as GDP per capita, FDI inflows, trade 

openness, consumption of renewable energy and of fossil fuels on per capita carbon dioxide (CO2) emissions (as 

a proxy for environmental quality). The fully modified ordinary least squares (FMOLS) is used to analyse these 

long run relationships in two separate models for a panel of 18 MENA region countries over the period 1995-2018.  

Furthermore, Granger causality test is used to assess the direction of relationship between the model variables. The 

FMOLS method is used because it yields reliable estimates especially for small sample size (Bashier & Siam, 

2014). In addition, it accounts for heterogeneity among cross sections and provides robust results (Phillips and 

Hansen, 1990). 

The rest of the paper is organised as follows: Section two provides an overview of environmental quality, 

urbanisation, and industrialisation levels in the MENA region; Section three reviews the literature theoretically 

and empirically; Section four discusses the research methodology and variables selection; Section five gives 

empirical results; and finally, Section six concludes with policy implication suggestions. 

2. Environmental Quality, Urbanisation & Industrialisation:  The MENA Region Profile 

By examining the profile of the MENA region with respect to urbanisation, industrialisation and environmental 

quality, the following remarks are deduced. As Figure 1 clearly shows, CO2 per capita in the MENA region has 

always surpassed the world level that during 1995-2018 period. The gap between them was not large at the 

beginning, but has widened since 2005. This highlights two important issues: First, the continuous deterioration 

of environmental quality in the MENA region, and second, that environmental quality in the MENA region is 

below the world average. 

 

Figure 1. CO2 emissions (metric tons per capita) 

Source: The World Development Indicators 

Looking closer at specific countries in the MENA region, it becomes apparent from Figure 2 that Qatar has the 

highest CO2 per capita, followed by Kuwait and U.A.E. This could be due to heavy reliance on oil production. In 

addition, these countries have relatively lower population compared to the rest of the MENA countries.  Yemen 

has the lowest CO2 emissions per capita stemming from low production levels under the current political and 

economic conflicts. 
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Figure 2. CO2 emissions (metric tons per capita) in the MENA Region by Country in 2018 

Source: The World Bank, 

https://www.theglobaleconomy.com/rankings/Carbon_dioxide_emissions_per_capita/MENA/ 

Regarding urbanisation, again this also follows an upward trend in the MENA region as indicated by Figure 3.  

Similar to carbon dioxide emissions level, urbanisation in the MENA region is always higher than that of the world 

level. Comparing Figure 1 and Figure 3, one can deduce that there is a likely correlation between CO2 emissions 

per capita and urbanisation in the MENA region as both are increasing over time and the gap vis-s-vis the world 

got widened since 2005.  

 

 

Figure 3. Urban Population (% of total population) 

Source: The World Development Indicators 

Looking closer at the urban population in the MENA region, the highest value is found in Kuwait whereas the 

lowest is in Yemen. It is apparent that urbanisation is occurring on a large scale in the MENA region as indicated 

by Figure 4. Most of the MENA countries are above 70% urban population. Hence, it is important to study the 

effect of this massive urbanisation on environmental quality.  
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Figure 4. Percent Urban Population in the MENA in 2018 

Source: United Nations Population Division, 

https://www.theglobaleconomy.com/rankings/Percent_urban_population/MENA/ 

Further deducing from Figure 5 below, it appears that industrialisation in the MENA region is below the world 

level.  A possible explanation for this is that industrialisation is still not realized on a large scale in some countries 

of the MENA region, especially those with reliance on primary goods production and oil exports. This indicates 

that the industrial sector in the MENA region may still not be fully utilized. This points to the importance of facing 

obstacles that hinder achieving this result. Of these obstacles are financial constraints, technological backwardness, 

distorted markets, lack of managerial efficiency and skilled labour. 

 

 

Figure 5: Industry (including construction) Value added 

Source: The World Development Indicators 

Figure 6 shows that there is a huge discrepancy in the industry value added in the MENA region as indicated by 

the gap between countries such as Saudi Arabia, UAE, Iraq and Qatar at one end and Yemen, Syria and Djibouti 

at the opposing end.  
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Figure 6. Industry value added, billion USD in MENA in 2018 

Source: The World Bank, https://www.theglobaleconomy.com/rankings/industry_value_added/MENA/ 

Having looked at the MENA profile with respect to environmental quality, urbanisation, and industrialisation, one 

can deduce that there is a deterioration in environmental quality in the MENA region in general, immense 

urbanisation in most MENA countries, discrepancy in industry value added, and a likely correlation between 

urbanisation and CO2 emissions per capita.  Hence, it is appropriate to attempt to understand this relationship better 

through the theoretical and empirical reviews. 

3. Literature Review  

The effect of urbanisation on environmental quality is explained through three main theories, namely, ecological 

modernisation, the urban transition, and the compact city theories (Kwakwa and Alhassan, 2018). The ecological 

modernization theory states that environmental problems may increase when societies develop from low- to 

middle stages of development, favouring economic growth over a sustainable environment. Nevertheless, with 

more modernization, such environmental damages are reduced as societies will begin to acknowledge the 

importance of environmental sustainability, technological innovation, and a shift towards a service-based economy 

(Gouldson and Murphy, 1996; Gibbs, 1998; Sadorsky, 2014; Adams et al., 2016). Hence, according to the 

ecological modernization theory, modernization is a must for environmental sustainability. This moves in line with 

the environmental Kuznets curve (EKC) hypothesis.  

Departing from the EKC supposition, the urban environmental transition theory states that as societies transfer 

to a manufacturing-based economy, pollution emissions level increases. However, the wealthier cities become, the 

more pollution will be reduced due to improved environmental regulations, technological innovation, and 

structural change in the economy (McGranahan et al., 2001; Sadorsky, 2014; Adams et al., 2016). Nevertheless, 

wealthier cities demand more urban infrastructure and energy-intensive products, which burden the environment 

too. As such, on the one hand, developing countries are facing a “localised, immediate and health-threating” 

environmental problems, while, on the other hand, developed countries face “global, intergenerational and 

ecosystem threatening” environmental problems, (Marcotullio and Lee, 2003; Kwakwa and Alhassan, 2018). 

Furthermore, the compact city theory emphasises the advantages of urbanisation with the argument that higher 

urban density leads to economies of scale for public infrastructure thus reducing environmental pressure and 

damages (Kwakwa and Alhassan, 2018). The logic behind this theory is that urban areas are more compact than 

rural areas which reduces the distances covered in transportation, thereby decreasing CO2 emissions levels 

(Sadorsky, 2014; Adams et al., 2016; Yi et al., 2017). However, higher urban density without suitable urban 

infrastructure provision can result in environmental damages. Hence, these theoretical propositions suggest that 

urbanisation has indistinct environmental impacts (both negative and positive) which has stimulated much 

empirical research to analyse this relationship.  

For instance, Li and Lin (2015) had studied the effect of industrialisation and urbanisation on CO2 emissions in 

seventy three countries using the STIRPAT model. Their results confirmed the existence of a positive effect of 

population, urbanisation, industrialisation, and energy intensity on CO2 emissions (Li and Lin, 2015). It is 
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important to highlight that when countries were classified according to their income levels, middle income 

countries showed that urbanisation decreases CO2 emissions.  

Furthermore, Hassan (2016) examined the effect of urbanisation on CO2 emissions in Bangladesh during 1972-

2013 and his results confirmed that urbanisation, income, and technology have positive effects on CO2 emissions. 

Nevertheless, Shahbaz et al. (2015) studied the same urbanisation-environment relationship in Malaysia and their 

results highlighted the existence of a U-shaped relationship between urbanisation and CO2 emissions in the long 

run and its absence in the short run.  

Furthermore, Adusah-Poku (2016) proved that population, trade, and energy exhibit a positive relationship with 

CO2 in Sub-Saharan Africa. In addition, the interactive term between urbanisation and energy increases CO2 

emissions. Nevertheless, York and McGee (2017) studied the effect of urbanisation on CO2 emissions in a hundred 

and twenty eight countries during the period of 1960-2012 and found that it is insignificant. They have also found 

that renewable electricity and age dependency resulted in a decline in CO2 emissions, contrary to production per 

capita, manufacturing and the interaction between income and renewable energy sources where each of those 

resulted in an increase in CO2 emissions. 

Concerning the industrialisation effect on urbanisation, much debate still exists in the literature. Theoretically, the 

ecological modernisation theory can be also used to explain this effect. Industrialisation contributes positively 

to environmental degradation at the early stages of development (Majeed and Tauqir, 2020). However, with further 

modernisation, people become more environmentally-conscious and their willingness to pay in order to live in a 

healthier environment rises, which alters this effect (Majeed and Mazhar, 2019). The scale effect, technique effect 

and composition effect argument too can be used to explain the industrialisation-environment relationship 

(Tsurumi and Managi, 2010; Gretheret al. 2009).  For instance, if industrialisation is done on a large scale, it may 

result in a depletion of natural resources and hence, a degradation of environmental quality. At the same time, if 

industrialisation is coupled with preserving environmental quality through using environmentally-friendly 

techniques of production, the effect of industrialisation on the environment is negative. However, the opposite is 

true if these techniques are outdated or dependent on environmentally-damaging fossil fuels, for instance. 

Similarly, the composition of industrialisation determines the environmental effects of industrialisation. 

Accordingly, the structure of industry determines whether the effect on the environment is positive or negative 

(Zafar et al., 2020). Steel and cement industries are always known to be environmentally damaging, hence their 

predominance in industry value added share is thereby damaging. Similarly, the composition effect can be 

understood through the shift from the relatively polluting industrial sector to the relatively cleaner services sector 

with more economic growth, hence controlling environmental damage/conserving environmental quality.  

Further interesting explanation can be borrowed from the Green Political Theory (GPT). The GPT confirms that 

the current world system cannot remedy environmental problems effectively (Sanjaya et al. 2021). The GPT also 

approves the “limit of growth” argument in which industrialisation and population growth have led to combined 

problems such as food shortages, depletions of resources and the inability to deal with hazards of environmental 

wastes (Sanjaya et al. 2021). In this context, technological development will not solve environmental crisis, but it 

will only postpone them.  

On the empirical level, the debate still exists. For instance, there is a strand of literature that shows that 

industrialisation damages the environment such as Wang et al. (2011), Hong et al. (2019) and Samreen and Majeed 

(2020). Wang et al. (2011) has found that heavy industry results in increasing CO2 emissions level in China. The 

same result was reached by Hong et al. (2019) in their study of the effect of industrialisation on environmental 

quality in South Korea. Samreen and Majeed (2020) showed the same result in a panel of eighty nine countries. 

Goli (2020) studies the spatial effect of industrialisation and urbanisation on CO2 emissions in Iran and shows that 

both have a significant positive effects.  The same result was reached by Al-Mulali,and  Ozturk (2015) in their 

research on the MENA region in which urbanisation and industrialisation jointly contributed positively to 

environmental degradation. Contrary to this, Zhou et al. (2013) in their study of the effect of industrialisation on 

environmental quality in China showed that industrialisation results in a conservation of environmental quality 

due to the development of the industrial structure. Similarly, Congregado et al. (2016) showed that industrialisation 

contributes positively to environmental quality in the U.S.A. due to the use of renewable energy sources instead 

of fossil fuels. In this line, Ahmed et al. (2022) showed in their study of the effect of industrialisation on the 

environment in Asia-Pacific region that industrialisation contributes positively to the environment, but has a 

modest effect. On the other hand, Opoku and Boachie (2020) indicated in their research that industrialisation has 

an insignificant effect on environmental quality in a panel of 36 African countries in the period between 1980-

2014. 
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It is thus quite apparent from the theoretical and empirical reviews that there is an indefinite relationship between 

urbanisation, industrialisation and environmental quality which necessitates further investigation. In addition, 

examining this relationship in the MENA region calls for further attention. Accordingly, this paper fills the gap in 

the literature in this context. 

4. Data & Methodology  

4.1. Data 

The CO2 per capita emissions equation is estimated for the nations of the MENA3 and Turkey, though excluding 

Djibouti, Syria, West Bank and Gaza. The latter nations are excluded for absence of data (namely, for the key 

variables of CO2 emissions per capita, and industrialisation). A total of eighteen countries are thus included. 

Moreover, missing data points for various variables for several nations were linearly interpolated to complete the 

dataset for the period 1995-2018. Obtaining a balanced panel is in the interest of yielding more efficient estimates. 

All data are drawn from the World Bank Open Data (World Development Indicators, several years).  

The dependent variable is carbon dioxide emissions (CO2) per capita measured in metric tonnes. Those are the 

emissions stemming from the burning of fossil fuels and the manufacture of cement. They include CO2 produced 

during consumption of solid, liquid, and gas fuels and gas flaring,  

  Following are the independent variables used in the estimated model:  

(1) Gross domestic product (GDP) per capita (GDP/capita) is defined as GDP in constant 2010 U.S. dollars 

divided by midyear population. GDP is measured as the sum of gross value added by all resident producers in the 

economy plus product taxes, minus subsidies not included in the value of the products. GDP per capita is used to 

reflect the level of development of the economy. The relation of GDP per capita to CO2 emissions per capita may 

either be positive or negative. On the one hand, a more energy-intensive development process leaning towards fossil 

fuel consumption rather than renewable energy is expected to positively effect CO2 emissions (thereby, deteriorating 

the environment). On the other hand, one than relies more on renewable energy may have a negative effect to 

emissions (thereby, improving the environment). This is in keeping with the Ecological Modernization Theory which 

establishes that higher levels of modernization may be associated with growth, thereby communities shift away from 

an economic-based rationality to sustainablity-based rationality (Sweidan, 2018; Jorgenson, 2014; Dietz et al., 2012; 

Mol and Sonnenfeld, 2000).  

(2) Urban population as percent of the total population (URBAN). Urban population refers to people living 

in urban areas as defined by the national statistics offices of the nation. İt is measured relative to the total population. 

This variable is used to reflect the expected large scale movements of population from the countryside to urban 

areas. Moreover, urbanisation is often associated with the concentration of economic acitivities in cities, with the 

rising informal activity, and with the shifting of production from agriculture to manufacturing (less- to more-energy-

intensive activity) ((Sadorsky, 2014) and (Schneider and Enst, 2000)). İn this case, the effect of urbanisation  on 

CO2 emissions may be positive. However, by raising mobility and transportion, urbanisation makes it easier to access 

services and workplaces, thus reducing CO2 emissions.  İf it further comes with green initiatives (of which may be 

“green buildings” as part of urban infrastructure, and/or the advancement of cleaner energy in urban areas, the effect 

on CO2 emissions may be negative ((Sadorsky, 2014).  İn sum, the effect of urbanisation on CO2 emissions is 

indeterminate, may be positive or negative.  

(3) Industry value added as percent of GDP (IND) is measured as industry (including construction) value 

added. It thus comprises value added in mining (corresponding to ISIC divisions 05-09), manufacturing 

(corresponding to ISIC divisions 10-33), and  electricity, gas, water, and construction (corresponding to ISIC 

divisions 35-43). Value added is the net output of a sector after adding up all outputs and subtracting intermediate 

inputs. It is calculated without making deductions for depreciation of fabricated assets or depletion and degradation 

of natural resources. The effect of industrialisation on CO2 emissions is expected to be positive, especially when 

industry structure leans more towards pollution-intensive sectors (of which, petroleum refining, primary metals, 

cement, chemicals, and paper and allied products) ((Sadorsky, 2014). İn sum, the effect of industrialisation on CO2 

emissions is indeterminate is expected to be positive or negative.  

(4) Trade opennes (TO) is measured as the sum of exports and imports of goods and services measured as a 

share of GDP. The relation of trade openess to CO2 emssions is one where imports may increase emissions, while 

exports may reduce them. Furthermore, greater openess may not only directly affect emissions, but also has indirect 

 
3 Algeria, Bahrain, Djibouti, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Libya, Malta, Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia, 

United Arab Emirates, and Yemen. 
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impacts through the scale effect, technical effect, and structure effect (Dou et al, 2021). As such, the expected effect 

of trade openess on CO2 emissions is a negative one.  

(5) Foreign direct investment (FDI) as percent of GDP (FDI/GDP). Foreign direct investment is defined as 

the net inflows of investment to acquire a lasting management interest (10 percent or more of voting stock) in an 

enterprise operating in an economy other than that of the investor. It is the sum of equity capital, reinvestment of 

earnings, other long-term capital, and short-term capital as shown in the balance of payments. This variable is 

expected to have a positive association with CO2 if the pollution havens hypothesis holds true, negative otherwise 

under the pollution halos hypothesis.  

(6) Consumption of renewable energy (CONSRE) is defined as the share of renewables energy in total final 

energy consumption. This variable is expected to have a negative impact on CO2 emissions.  

(7) Consumption of fossil fuels (CONSFOSSIL) is defined as the share of fossil fuels in total final energy 

consumption, and fossil fuels comprise coal, oil, petroleum, and natural gas products. This variable is expected to 

have a positive impact on CO2 emissions.  

 

The descriptive statistics for the dependent and independent variables are given in Table 1.  

 

Table 1. Descriptive statistics 

  CO2 GDP/capita URBAN IND TO FDI CONSRE CONSFOSSIL   

 Mean 9.9713 

 

15892.9 73.9596 42.0798 90.5186 8.26219 3.72743 96.2928 
 

 Median 4.74398 7033.330 76.5655 41.5544 82.7856 2.67288 0.93186 98.9992  

 Maximum 47.6999 69679.40 100.0000 101.7213 322.6765 460.2280 23.0007 105.1381  

 Minimum 0.32668 632.9087 23.7600 0.01000 0.0210 0.00036 0.00010 56.1822  

 Std. Dev. 10.2835 17904.36 17.9809 18.7366 53.7767 35.5269 5.44774 5.67370  

 Skewness 1.35758 1.587786 -0.77433 0.55556 1.96455 9.97726 1.55570 -2.33420  

 Kurtosis 3.95923 4.545313 3.218293 2.915363 7.82985 110.802 4.30190 11.4021  

 Observations 432 432 432 432 432 432 432 432  

Source: Authors computations 

All variables are taken in logs to minimize variation that is evident from the high standard deviation of all variables 

as indicated in Table 1. The estimation is performed using Eviews 8 software.  

4.2. Methodology  

To test the effect of urbanisation, industrialisation, on emissions, together with trade openness and FDI, as well as 

the consumption of renewable energy, in the first estimated equation is:  

Log CO2it = ⍺ + β1 Log GDP/Capitait + β2 Log URBANit  + β3 Log INDit  + β4 Log TOit  +  β5 Log FDIit  + 

 β6 Log CONSREit    + εit                (1) 

In the second equation, the consumption of fossil fuels is considered instead of that of renewable energy:  

Log CO2it = ⍺ + β1 Log GDP/Capitait + β2 Log URBANit  + β3 Log INDit  + β4 Log TOit  +  β5 Log FDIit  +   

 β6 Log CONSFOSSILit + εit               (2) 

where i = 1,2,..,18, t = 1,2, …,24.  

Prior to estimating equations (1) and (2), the first step is to test for the stationarity of each of the variables. This is 

conducted via the panel augmented Dickey-Fuller (ADF) test, panel Philipps-Peron (PP) test under the null 

hypothesis that the variable in level is non-stationary (contains unit root). These two tests are performed for panel 

data, and test for unit root in each of the panel members. If the test results fail to reject the null hypothesis, both 

tests are then conducted on the first differenced variables, until stationarity is confirmed.  
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The second step is to carry out the Johansen panel cointegation test to verify if the non-stationary variables are 

cointegrated under the null hypothesis that there are no cointegrating equations. Upon verifying the existence of a 

cointegrating relation between panel non-stationary variables, the fully-modified ordinary least squares (FMOLS) 

is used to estimate equations (1) and (2). Among the advantages of the FMOLS method of estimation is that it 

provides optimal estimates of cointegrating regressions by using a method that modifies least squares to account 

for serial correlation effects and for endogeneity in the regressors that itself results from the existence of a 

cointegrating relationship (Phillips, 1995:1). The FMOLS also yields reliable estimates especially for small sample 

size (Bashier & Siam, 2014).  

A third and final step in the econometric analysis is to carry out the pairwise Granger causality test to verify the 

direction of causality, if any, among the variables.   

5. Empirical Results 

In this section, the results of the unit root and cointegration tests are first reported, and the long-run determinants 

of CO2 emissions in the MENA region (and Turkey) are then given. 

Table 2. Unit root test for variables in level   

 Panel ADF Panel PP 

 Intercept Intercept and trend Intercept Intercept and trend 

lCO2  32.0594 
 

 25.7090 
 

34.0848 
 

41.8947 

lGDP/Capita  35.8553 
 

 29.0613 
 

37.0034 23.8802 

lURBAN  325.647*** 
 

 43.4585 
 

674.185*** 
 

 308.171*** 

lIND  71.8532 *** 
 

 41.1098   
 

322.278 *** 
 

502.789*** 

lTO  282.386 *** 
 

 274.887*** 
 

45.7332  
 

71.1077*** 

lFDI  73.2716 *** 
 

 45.3349   
 

147.046 *** 
 

113.086*** 

lCONRE  19.7881   
 

 26.8447   
 

31.5468  31.8029   
 

lCONFOSSIL  19.4486 
 

 14.0490 
 

20.5316 13.7481 

 ***, **, * denote the 1%, 5% and 10% levels of significance, respectively 

 Source: Authors’ computations 

The results indicate that all variables, except URBAN, TO, and FDI, have unit root. Results for the panel 

PP vary slightly from panel ADF. We thus perform the tests for the first differenced series.    

Table 3. Unit root test for variables in first difference 

 Panel ADF Panel PP 

 Intercept  Intercept and trend Intercept  Intercept and trend 

lGDP/Capita 97.8677*** 
 

76.8716*** 
 

220.258*** 280.870*** 

lURBAN  55.3891 ** 
 

 54.2205** 
 

 100.225 *** 
 

324.055*** 

lIND 166.007***  130.462*** 
 

 852.762*** 
 

 1128.88*** 
 

lTO  325.542*** 
 

 310.443*** 
 

55.1794**  27.7844 

lFDI  206.971 *** 
 

 154.114 *** 
 

 935.842 *** 
 

 1131.20*** 
 

lCONRE 142.881*** 
 

 117.619*** 
 

 271.164*** 740.687*** 

lCONFOSSIL  89.2844*** 
 

 85.0099*** 
 

 175.079***  235.155*** 

***, **, * denote the 1%, 5% and 10% levels of significance, respectively 

Source: Authors’ computations 
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Panel ADF and panel PP test results indicate the variables are mostly stationary in first differences, at different 

levels of significance. Further, the cross sectional dependence (Im, Peasaran and Shin) test for the differenced 

series (not reported here) indicate that the cross sectional units are not independent. As such, the estimated 

equations are performed where the first-stage residuals use heterogeneous long-run coefficients (results given in 

Table 5).  

We are thus led to test for the existence of a panel cointegration equation among the variables in the two estimated 

equations. Results of the Johansen Fisher Panel Cointegration Test are given in Table 4.  

Table 4. Panel cointegration test results  

Variables Hypothesized number 

of cointegration 

equations 

Fisher Statistic 

(from trace test) 
 

Fisher Statistic 

(from max-eigen 

test) 
 

lCO2, lGDP/Capita, 

lURBAN, lIND, lTO, 

lFDI, lCONRE 

0 793*** 1268*** 

At most 6 55.10*** 55.10*** 

lCO2, lGDP/Capita, 

lURBAN, lIND, lTO, 

lFDI, lFOSSIL 

0 161.2*** 161.2*** 

At most 6 95.41*** 95.41*** 

***, **, * denote the 1%, 5% and 10% levels of significance, respectively 

Source: Authors’ computations 

The results of the Johansen Fisher panel cointegation test point to the existence of a long run relationship between 

CO2 and the independent variables. We thus proceeded to examine the long run relation using the FMOLS method 

of estimation, with results given in Table 5.   

Table 5: Panel FMOLS Results  

Dependent Variable: LCO2 

 

Variables Model 1 Model 2 

LGDP/CAPITA 0.630908*** 

(0.021332) 

0.567012*** 

(0.020114) 

LURBAN 0.525360*** 

(0.069069) 

0.463465*** 

(0.064685) 

LIND 0.098966*** 

(0.014712) 

0.158195*** 

(0.013281) 

LTO -0.033279*** 

(0.006514) 

-0.029689*** 

(0.005908) 

LFDI -0.013801*** 

(0.002541) 

-0.008870*** 

(0.002320) 

LCONSRE -0.038727*** 

(0.002754) 

___ 

 

LCONSFOSSIL ___ 

  

0.362923*** 

(0.072606) 

R-Square  0.98 0.98 

Notes: First-stage residuals use heterogeneous long-run coefficients;  ***, **, * denote the 1%, 5% and 10% levels 

of significance, respectively; standard errors between brackets.  Source: Authors’ Computations 
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The empirical results of model 1 and model 2 show that the coefficient of urbanisation (elasticity of CO2 with 

respect to urbanisation) is significant and positive. This indicates that urbanisation increases CO2 emissions per 

capita level, hence, magnifying environmental degradation in the MENA region. According to the ecological 

modernization theory, the MENA region is still in phase one of the EKC. This happens when environmental 

problems increases when societies develop from a low stage to a middle stage of development, favouring economic 

growth over a sustainable environment. However, this finding contradicts with the Compact City theory. 

Empirically, this estimated result moves in line with the findings of Li and Lin (2015), Hassan (2016), but different 

from the findings of York and McGee (2017). 

Concerning the coefficient of industrialisation (elasticity of CO2 with respect to industrialisation), it was found to 

be significant and positive  in model 1 and model 2 indicating that industry structure leans more towards pollution-

intensive sectors (of which, petroleum refining, primary metals, cement, chemicals, and paper and related 

products). Hence, industrialisation results in the deterioration of environmental quality in the MENA region. This 

again confirms that we are in stage one of the EKC in accordance with the ecological modernization theory. It also 

confirms that the techniques used in production and that the industry structure goes against conserving 

environmental quality as per the techniques and structural effects. Furthermore, this finding also moves in line 

with the Green Political Theory in which industrialisation and population growth have led to combined problems 

such as food shortages, depletions of resources and the inability to deal with hazards of environmental wastes. 

This finding is similar to the work of Wang et al. (2011), Hong et al. (2019), Samreen and Majeed (2020), and 

Goli (2020). Specifically, it is similar to the results reached by Al-Mulali,and  Ozturk (2015) in their research in 

the MENA region in which urbanisation and industrialisation jointly  contributed positively to environmental 

degradation. However, it contradicts the results of Zhou et al. (2013) and Congregado et al. (2016). 

Regarding the other traditional determinants of CO2 emissions per capita, the following results were achieved: the 

coefficients of GDP per capita (elasticity of CO2 with respect to GDP per capita) ((in models 1&2), and 

consumption of fossil fuel ((elasticity of CO2 with respect to consumption of fossil fuels) (in model 2) have 

significant positive effects on CO2 emissions per capita, thereby deteriorating environmental quality. This indicates 

the existence of a more energy-intensive development process leaning towards fossil fuel consumption rather than 

renewable energy which positively affect CO2 emissions in the MENA region. 

On the other hand, the coefficients of trade openness (elasticity of CO2 with respect to trade openness) (in models 

1&2), FDI inflows (elasticity of CO2 with respect to FDI inflows) (in models 1 &2), and the consumption of 

renewable energy ((elasticity of CO2 with respect to consumption of renewable energy) (in model 1) have 

significant negative effects on CO2 emissions, hence contributing to an improvement in environmental quality. 

This indicates that trade may be specialised in green goods, and that FDI is contributing positively to the 

environment moving in line with the pollution halos hypothesis, respectively. The coefficient of the consumption 

of renewable energy has the expected negative sign and hence, the MENA region is no exception to this result. 

Furthermore, Table 6 gives results of the pair-wise Granger causality test for variables of model 1 and 2. It points 

to the following: with respect to emissions, there is a bidirectional relationship between CO2 emissions and trade 

openness, and CO2 emissions and FDI inflows, while there is only a unidirectional relationship from CO2 emissions 

to industrialisation, and to the consumption of renewable energy and to the consumption of fossil fuels.  With 

respect to urbanisation, there is a bidirectional relationship between urbanisation and trade openness. There is also 

is a bidirectional relationship between industrialisation and both the consumption of renewables and the 

consumption of fossil fuels.  
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Table 6. Pair-wise Granger causality test results  

Model 1 F-statistic 

 LCO2 LGDP/CAPI

TA 

LURBAN LIND LTO LFDI LCONSRE 

LCO2  0.50358 0.31294 0.51346 10.6946*** 2.34087* 0.6159 

LGDP/CAPITA 0.03797  4.00049** 0.9402 9.26833*** 2.93602* 0.14864 

LURBAN 0.25805 0.091  0.16706 2.82741* 0.02232 0.62558 

LIND 2.89968* 1.44255 0.32162  7.26015*** 0.3856 9.62075*** 

LTO 8.35184*** 6.64235*** 11.767*** 0.20939  15.6154*** 9.7806*** 

LFDI 2.59269* 0.14826 0.02571 1.20048 0.33344  4.97982*** 

LCONSRE 2.71249* 0.72628 0.13662 41.411*** 1.01569 0.67402  

Model 2 F-statistic 

 LCO2 LGDP/CAPI

TA 

LURBAN LIND LTO LFDI LCONSFO

SSIL 

LCO2  0.50358 0.31294 0.51346 10.6946*** 2.34087* 0.60468 

LGDP/CAPITA 0.03797  4.00049** 0.9402 9.26833*** 2.93602* 1.3851 

LURBAN 0.25805 0.091  0.16706 2.82741* 0.02232 0.03044 

LIND 2.89968* 1.44255 0.32162  7.26015*** 0.3856 2.71938** 

LTO 8.35184*** 6.64235*** 11.767*** 0.20939  15.6154*** 7.62458*** 

LFDI 2.59269* 0.14826 0.02571 1.20048 0.33344  0.1284 

LCONSFOSSIL 7.9084*** 7.0504*** 2.07561 3.81972*** 2.23886 0.57991 0.60468 

***, **, * denote the 1%, 5% and 10% levels of significance, respectively   

Source: Authors’ computations 

6. Conclusion & Policy Implications 

This research has investigated the effect of GDP per capita, urbanisation, industrialisation, FDI inflows, trade 

openness, consumption of renewable energy and of fossil fuels on per capita carbon dioxide (CO2) emissions (as 

a proxy for environmental quality) in the MENA region. FMOLS estimation method was used to analyse these 

long run relationships in two separate models for a panel of eighteen MENA region countries over the period 1995-

2018.  The empirical results have indicated that the coefficients of GDP per capita, urbanisation, industrialisation, 

and consumption of fossil fuels have significant positive effects on CO2 emissions, thereby, deteriorating 

environmental quality. Nevertheless, the coefficients of trade openness, FDI inflows and the consumption of 

renewable energy have significant negative effects on CO2 emissions resulting in an improvement in 

environmental quality.  Furthermore, Granger causality test results show that there is a bidirectional relationship 

between CO2 emissions and trade openness, and CO2 emissions and FDI inflows, while there is only a 

unidirectional relationship from CO2 emissions to industrialisation, and to both consumption of renewable energy 

and the consumption of fossil fuels. Furthermore, there is a bidirectional relationship between urbanisation and 

trade openness, and between industrialisation and both the consumption of renewables and the consumption of 

fossil fuels. The causality findings underscore the feedback effects between CO2 emissions and trade openness, 

and FDI inflows. Similarly, there are feedback effects among urbanisation and industrialisation on the one hand, 

and the consumption of renewable energy and fossil fuels on the other. 

Accordingly, some of the relevant policy implications relate to the need to alter the negative effects of urbanisation, 

GDP per capita, industrialisation and fossil fuel consumption on environmental quality. This can be achieved by 

improved planning of urban cities. This is to prevent the uncontrolled expansion of urban areas and to prevent 

the pressure on infrastructure. Also, improved urban planning of cities will help in decreasing the massive increase 

of the informal sector. This is very important as the informal sector is always accused of deteriorating 
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environmental quality. To facilitate achieving this result, it is essential to improve the living conditions in rural 

areas as well as this should help decrease rural urban migration, yet another cause of urbanisation. In addition, 

enhancing efficiency in energy and resource use is another important policy implication. The reliance on 

renewable energy sources and lessened dependency on fossil fuels is essential to achieve this result. The MENA 

region is as rich in solar energy as it is in oil. It is true that this shift might come at a high cost. However, it will 

not be the case if the environmental degradation costs are correctly measured and accounted for. Hence, this shift 

to renewables is possible. Spreading awareness about the importance of recycling of production wastes is also 

key, as recycled resources are a wealth, if well-treated. Strong enforcement of law is another suggestion to 

enhance governance and reduce the rise in pollution emissions levels. This can be achieved by proper monitoring 

and inspection, as well as the granting of incentives to enhance compliance. It is important to shift to digitalization 

and technology use due to their implications on the reduction of CO2 emissions levels. Accordingly, it is 

imperative that green technologies be used to foster environmental quality in urban areas in the MENA region. 

Increase greeneries to offset any rise in CO2 emissions level in the MENA region is also a must, in addition to 

encouraging green investments and FDI to take the utmost of the positive effect of FDI on environmental quality 

shown from the results. This can be achieved by offering more incentives such as tax breaks and facilitating the 

administration of the required official documents when starting a new business. And above all, it is a must to fight 

corruption as this is a main obstacle that repels FDI inflows. Finally, spreading awareness through the social and 

formal media about the importance of preserving environmental quality is no longer a luxury, but a raisons 

d'être for preserving human life.  

These were just few suggestions of possible policy implications. For future research topics, it remains of interest 

to the authors to probe the effect of digitalization in urban areas on environmental quality.  
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