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ABSTRACT 

The information obtained mainly from environmental monitoring networks is 

transformed into its use within the political process, presenting synthetic 

indicators and indices whose direct users are decision-makers and the general 

population. Due to their relevance and importance, the development of 

indicators has been promoted rapidly and extensively throughout the world, 

combining a clear scientific basis with an expressly recognised social and political 

content. Environmental degradation is still a problem, along with increasing 

economic development. Initiatives to enhance environmental quality are 

essential. This study seeks to ascertain the impact of economic development on 

environmental degradation. Furthermore, the caliber of human resources and 

population density may serve as additional explanatory variables associated 

with environmental degradation. This study uses panel data regression analysis 

from 2013-2021 in 3 provinces of Libya. The study results indicate that the 

Environmental Kuznet Curve (EKC) hypothesis is not proven because GDP as an 

indicator of economic development has a negative and significant effect on 

Environmental Damage. In contrast, the quadratic of GDP has no significant 

effect. Population density exerts a detrimental and significant influence on 

environmental degradation. In addition, improving the quality of human 

resources has been shown to reduce Environmental degradation in Libya. From 

the current research work, it is possible to define future challenges or points to 

be addressed in the environmental impact assessment process about the complex 

problem of indicators and the information that supports them, such as the 

adjustment of existing legislation and regulations, strengthening of 

environmental monitoring networks; certification of the consultancies that issue 

the technical reports; improvement of its economic status and human resources; 
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transparency of information and accountability, including a transparent, clear 

and effective mechanism for public consultation; methodological and technical 

unification, with the possible development of specific guides for different types 

of work; formation of an inter and intra-institutional information system. 

Keywords: Population density, environmental impact, macroeconomics, 

statistical study, Libya 

 
1. INTRODUCTION  

Development is very important for every country. Development in terms of the economy is one 

of the things that must constantly be developed because it concerns the livelihood of many people. 

However, amid the current boom in economic development, there is a dilemma concerning economic 

development on the one hand and environmental sustainability on the other [1].  

The classical theory of economic growth highlights the important aspects of two main factors 

that have a major impact on the economic growth of a country or region. First, population growth can 

positively contribute by increasing the number of workers and expanding the market [2-3]. Second, 

technological advances play a vital role in increasing the productivity and efficiency of the production 

process, which in turn becomes a strong driver of economic growth [4]. According to the classical theory 

of economic growth, economic growth will reach a saturation point along with the increasing 

population and limited resources. Population growth will increase the demand for goods and services, 

while increasingly limited resources will limit the economy's ability to meet this demand. The classical 

theory of economic growth is simple but is still relevant today. This theory provides an important 

understanding of the factors that influence economic growth in the long term [5]. 

Population density is a measure of how many people live in an area. This measure is calculated 

by dividing the population by the area. The units used are usually people per square kilometer. This 

concept is an important indicator that reflects the disparity or difference in resources owned by a region. 

Regions with more abundant resources, be it natural resources such as fertile land, mineral wealth, or 

educated and skilled human resources, tend to attract more people to live there. This leads to a higher 

population density in the region [6]. Thus, understanding population density allows the government 

to identify areas requiring more attention to achieve equitable development. These efforts may include 

providing basic infrastructure, investing in human resources, and increasing access to health and 

education services. By paying attention to population density, the government can direct more 

appropriate policies to achieve more equitable development throughout the country or region. 

Population density is a measure of how densely people live in an area. Population density can be 

quantified through various metrics, including the number of individuals per square kilometer, per sub-

district, and per village. Population density is one of the important factors that affects various aspects 

of social, economic, and environmental life. Experts have proposed various theories to explain the 

relationship between population density and these factors [7]. 

The 2020 Environmental Performance Index (EPI) shows Libya's environmental quality is ranked 

123rd out of 180 countries [8]. In addition, based on data collected by the Potsdam Institute for Climate 

Impact Research (CIR), in 2015, Libya's greenhouse gas emissions reached 2.4 billion tons of CO2 

equivalent (GtCO2e). Per capita emissions in that year reached 10.2 tons of CO2, higher than the global 

average (7.0 tons of CO2) and the average of several other countries such as Canada, the USA. 
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Per capita CO₂ emissions (Source: https://ourworldindata.org/co2/country/libya) 

Libya is one of three developing countries with the highest CO2 emission reduction rate from 

2012 to 2012 [9]. In the Paris Agreement, Libya is committed to reducing its greenhouse gas emissions 

by 29 % to 41 % (through international cooperation) by 2030. Therefore, various environmentally 

conscious efforts and policies are needed to realise it. 

One of the indicators that can be used to measure environmental quality in Libya is the 

Environmental Quality Index (IKLH) compiled by the Ministry of Environment and Forestry/Dissert. 

In general, IKLH is compiled with a combination of the Environmental Quality Index (EQI) concept 

and the Environmental Performance Index (EPI) concept [10]. In addition, IKLH is calculated at the 

provincial level, so it can be used to see more details about the environmental quality of each region in 

Libya. 

The condition of environmental quality in Libya is quite diverse. Libya's environmental quality 

based on IKLH was Nationally Fairly Good in 2019. The IKLH value in that year was 66.55, a decrease 

of 5.12 points from 2018. Meanwhile, if we look at it in more detail, all provinces of Libya have IKLH 

values that are lower than the national IKLH. In fact, during the second quarter of 2021, Libya 

contributed 58.55 % of the Libyan economy. Seeing these two things, it is interesting to observe the 

pattern of the relationship between economic activity and the environmental effects produced in the 

Tripolitania region. An environmentally friendly economic development policy is hoped to be 

formulated from this pattern. 

The Environmental Kuznet Curve (EKC) hypothesis typically illustrates an inverted U-shaped 

relationship between economic development and environmental degradation. Latifa et al. (2013) [11] 

propose that environmental degradation escalates in correlation with rising per capita income during 

the initial phases of development characterized by industrialization. This usually occurs in developing 

countries that prioritise economic growth over environmental protection. In the next stage, marked by 

increasingly advanced economic development and increasing environmental awareness, increasing per 

capita income will reduce environmental damage. 

Kar, A. K. (2023) [23] conducted research related to the EKC hypothesis. The study used CO2 

emissions as an indicator of environmental damage from 1980-2012. The study found a relationship 

between economic growth and environmental damage. In addition, the EKC hypothesis is also proven 

in the long term but cannot be explained in the short term. 
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Saleem et al. (2018)[13] also researched the EKC hypothesis in The Next Eleven (N-11) countries 

from 1975 to 2015. In their research, the EKC hypothesis was proven in the CO2 indicator. In addition, 

they also added the population density variable as an explanatory variable. The results show that 

population density significantly affects the increase in CO2 and greenhouse gases (GHG). Related 

research was also conducted by Nuansa, et al  (2014) in 33 provinces in Indonesia from 2011 to 2016. In 

the study, the Human Development Index (HDI), an indicator of the quality of human development, 

was added as an explanatory variable. The results show that human development has a significant role 

in explaining the environmental damage that occurs. 

The explanation above shows the relationship between population density and the quality of 

human development in explaining the phenomenon of environmental damage. Both of these things 

have been empirically proven to have a role in changes in environmental quality. Thus, both can be 

alternative policies to create environmentally friendly economic development. 

Studies related to environmental-based development in Libya [15-16] are still limited, so 

information on environmental-based development in this region is difficult to obtain. Therefore, an 

analysis of economic development and its effects on the environment in Libya using the EKC approach 

is very important. In addition, the variables of human development quality and population density are 

added as explanatory variables to provide other related phenomena. 

2. METHODOLOGY 

This study uses panel data covering 3 provinces in Libya from 2013 to 2021. The design of this study 

uses explanatory quantitative research. This is intended to determine the effect of GDP, HDI, and 

population density on IKLH as an indicator of environmental damage. The variables and data sources 

used are as follows: 

Table 1. variables used in the current investigation  

No. 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑈𝑛𝑖𝑡 𝑆𝑜𝑢𝑟𝑐𝑒 

1 Environmental Quality Index Points 𝑀𝑖𝑛𝑖𝑠𝑡𝑟𝑦 𝑜𝑓 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑎𝑛𝑑 𝐹𝑜𝑟𝑒𝑠𝑡𝑟𝑦 

2 Gross Regional Domestic Product Billion Central Statistics Agency 

3 Human Development Index Points Central Statistics Agency 

4 Population Density Density/km2 Central Statistics Agency 

 

Before conducting the regression analysis, the author rescaled the IKLH variable, which means 

that the higher the value, the lower the level of environmental damage. This was done to adjust the 

meaning of the environmental damage indicator in the EKC hypothesis, namely that the higher the 

value of the environmental damage indicator, the higher the level of environmental damage. Rescale 

was carried out using the following formula: 

RIKLH =  (100 −  IKLHit) (Eq. 1) 

In addition, a quadratic model was used to prove the existence of the EKC hypothesis. Thus, the panel 

regression model used in this study is as follows: 

RIKLHit  =  α + β1 PDRBit + β2 PDRB𝑖𝑡
2  +  β3 IPMit  + β3 KPit  +  𝑒it    (Eq. 2) 

where: 

RIKLHit = Reverse of IKLH of province 𝑖 in year 𝑡 

PDRBit = GDP of province 𝑖 in year 𝑡 

IPMit = HDI of province 𝑖 in year 𝑡 
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KPit = Population density of province 𝑖 in year t 

𝛼 = intercept 

β1 β2 β3 β4  = coefficient 𝑥 

𝑒it = error term of province 𝑖 in year 𝑡 

where the error term (𝑒it) can be decomposed into the form: 

𝑒it  =  𝑢i  +  𝑣it    (Eq. 3) 

where 𝑢i is the individual effect and 𝑣it is the residual effect. 

3. RESULTS AND DISCUSSION 

Selecting the Appropriate Model 

3.1. Suitability Test between 𝑪𝒐𝒎𝒎𝒐𝒏 𝑬𝒇𝒇𝒆𝒄𝒕 𝑴𝒐𝒅𝒆𝒍 (CEM) and 𝑭𝒊𝒙𝒆𝒅 𝑬𝒇𝒇𝒆𝒄𝒕 𝑴𝒐𝒅𝒆𝒍 (FEM) 

The first stage was to test the model's suitability using the Chow test. This test is used to 

compare the suitability of CEM and FEM.  

The Chow Statistical Test yielded a probability value of 0.0158. Consequently, at a significance 

level of 5%, it can be concluded that the FEM model outperforms the CEM model. 

Table 2. Chow statistical test results. 

Test effect Statistics 𝐷f 𝑃𝑟𝑜𝑏. 

𝐶𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝐹 3.1702 5.37 0.0158 

𝐶𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝐶ℎ𝑖 − 𝑠𝑞𝑢𝑎𝑟𝑒 16.5024 5 0.0053 

 

3.2. Suitability Test between Common Effect Model (CEM) and Random Effect Model (REM)  

The next stage is to test the suitability between REM and FEM using the Hausman test. Based 

on the Hausman Statistical Test, a probability value 0.3359 is obtained. With a significance level of 5 %, 

it can be concluded that the REM model is better than the FEM model. 

Table 3. Results of the Hausman statistical test 

Test Summary 𝜒2 −statistic 𝜒2 − 𝐷f Prob. 

𝐶𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑛𝑑𝑜𝑚 45.573 4 0.3359 

 

The results of the two tests indicate that the REM model is better to use than the CEM model 

or the FEM model. The next step is to conduct a classical assumption test consisting of a normality test 

and a non-multicollinearity test for the REM model obtained. The REM model uses the Generalized 

Least Square (GLS) estimator, which can accommodate heteroscedasticity and autocorrelation [17]. 

Thus, the homoscedasticity and non-autocorrelation tests do not need to be performed. 

Assumption Test  

To ensure that the resulting estimator meets the classical assumption rules, the author 

conducted the following assumption tests: 
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3.2.1 Normality Assumption Test 

The Jarque-Bera normality test (Figure 1) yielded a p-value of 0.690072, which exceeds the 5% 

significance threshold. Consequently, at the 5% significance level, it can be inferred that the normality 

assumption is satisfied. 

 

Figure 1. Normality Assumption Test with Jarque-Bera Test. 

3.2.2.  Non-Multicollinearity 

Then, the non-multicollinearity assumption test was conducted by looking at the Pearson 

correlation coefficient between the independent variables. Table 4 shows that the Pearson correlation 

value (ranging between -0. 0.7659 and 0.6492) is smaller than 0.9, meaning there is no correlation 

between the independent variables in the model. Thus, the non-multicollinearity assumption is met. 

Table 4. Pearson Correlation between independent variables. 

  𝐃𝐄𝐕𝐋𝐍𝐏𝐃𝐑𝐁 𝐃𝐄𝐕𝐋𝐍𝐏𝐃𝐑𝐁𝟐 IPM LOG(𝑲𝐏) 

𝐃𝐄𝐕𝐋𝐍𝐏𝐃𝐑𝐁 1 -0.7659 -0.2859 0.3041 

𝐃𝐄𝐕𝐋𝐍𝐏𝐃𝐑𝐁𝟐 -0.7659 1 0.559 -0.0657 

IPM -0.2859 0.559 1 0.6492 

LOG(𝑲𝐏) 0.3041 -0.0657 0.6492 1 

 

3.3. Final Model Formed and Interpretation 

The final model achieved satisfies the assumptions of normality, homoscedasticity, non-

multicollinearity, and non-autocorrelation applicable to panel data regression. Consequently, the 

model is pertinent to elucidating the phenomenon of environmental degradation in Libya. The 

environmental degradation model established in Libya is as follows: 

Table 5. Final Modelling Results 

Variable 𝑪𝒐𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒕 𝑺𝒕𝒅. 𝑬𝒓𝒓𝒐𝒓 𝒕 − 𝑺𝒕𝒂𝒕𝒊𝒔𝒕𝒊𝒄 𝑷𝒓𝒐𝒃. 

C 36.7071 18.2097 1.9352 0.0473 

𝐃𝐄𝐕𝐋𝐍𝐏𝐃𝐑𝐁 -3.323 1.6169 -1.9729 0.0434 

𝐃𝐄𝐕𝐋𝐍𝐏𝐃𝐑𝐁𝟐 0.7315 1.3362 0.5256 0.5631 
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IPM -0.9126 0.3529 -2.4826 0.0122 

LOG(𝑲𝐏) 9.9807 1.6013 5.9836 0 

Weighted Statistics 

𝑹𝟐 0.4638 𝑭 − 𝒔𝒕𝒂𝒕𝒊𝒔𝒕𝒊𝒄 10.9923 

𝑨𝒅𝒋𝒖𝒔𝒕𝒆𝒅  

𝑹𝟐 
0.4233 𝑷𝒓𝒐𝒃(𝑭 − 𝒔𝒕𝒂𝒕𝒊𝒔𝒕𝒊𝒄) 0 

 

Alternatively, if written in a mathematical equation, it is as follows: 

Environmental damage = (36.7071+  𝑢i) − 3.323 𝑃𝐷𝑅𝐵 + 0.7315 𝐏𝐃𝐑𝐁𝟐− 0.9126 𝐼𝑃𝑀 + 9.9807𝑲𝐏 

The results of the overall test using the 𝐹 𝑡𝑒𝑠𝑡 obtained a p-value that was smaller than 0.05. 

Therefore, at a significance level of 5%, it can be concluded that at least one independent variable 

significantly affects environmental damage in Libya. When viewed partially, the GDP and HDI 

variables positively and significantly affect environmental damage. Furthermore, the population 

density variable negatively and significantly affects environmental damage. Meanwhile, the quadratic 

variable of GDP does not have a significant effect. 

The estimation results obtained produce an R2 value of 0.4638. Based on this value, it can be said 

that 48 % of the diversity of environmental damage in Libya can be explained by the independent 

variables contained in the model. The remaining 52% is the contribution of other variables that have 

not been included in the model. This value is quite good, considering that the best model in this study 

is REM. 

The regression results show that the GDP variable has a negative and significant effect on 

changes in environmental damage at a significance level of 5 %. The coefficient value of -3.462 indicates 

that every 1 % increase in GDP above the average will cause environmental damage to decrease by 

3.462 points, assuming other variables are constant. 

Moreover, the regression analysis indicates that the quadratic variable of GDP does not exert a 

significant influence on variations in environmental damage at a 5% significance level. The EKC 

hypothesis is validated if the per capita income indicator exerts a positive influence while its quadratic 

counterpart demonstrates a negative effect. Both are statistically significant concerning the 

environmental damage indicator. This study concludes that the EKC hypothesis is not substantiated in 

the context of the Libyan economy. This finding corroborates research [18], which demonstrated that 

the Environmental Kuznets Curve (EKC) hypothesis was validated solely in high-income nations, 

excluding developing countries in Africa. 

Although the regression results show that increasing GDP can reduce environmental damage, 

the direction of the quadratic of the GDP variable shows a positive number. This shows a potential for 

an increase in environmental damage in line with economic development in Libya. Therefore, for 

economic development to grow in line with improvements in environmental quality, an economic 

transformation towards an environmentally friendly economy is needed [19]. 

Furthermore, the regression results show that the HDI variable has a negative and significant 

effect on changes in environmental damage. The coefficient value of -0.950637 indicates that every 1-

point increase in the HDI will cause environmental damage to decrease by 0.950637 points, assuming 

other variables are constant. This aligns with research conducted by (Arango et al., 2020) [20]. The study 

stated that the HDI has a significant effect on reducing environmental damage. 

Li et al (2021) [21] found something similar. In their study, it was found that countries with high 

HDI have low levels of environmental damage. Likewise, countries with low HDI have the potential 
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for high environmental damage. Therefore, improving the quality of human resources, especially in 

terms of education, can be a solution to reduce the impact of environmental damage. 

Finally, the regression results show that population density has a positive and significant effect 

on changes in environmental damage at a significance level of 5 %. The positive effect shows that the 

denser an area is, the higher the level of environmental damage. The coefficient value of 10.39658 

indicates that every 1 % increase in population density will cause environmental damage to increase 

by 10.39658 points, assuming other variables are constant. This aligns with the research by Wafiq, et al., 

2021 [22]; Han et al (2019) [23]. Their research found evidence that the population density variable 

significantly affects increasing environmental damage. 

Lambin (2011) [24] stated that in the early stages of economic development (developing 

countries), it tends to be concentrated in small places. The same is true for Libya, the centre of Libya's 

economy. In addition, rapid population growth tends to result in extensive environmental damage, 

forest encroachment, deforestation, depletion of firewood, soil erosion, unsafe water, air pollution, and 

city congestion. Therefore, control over population distribution and population growth rates can be a 

solution to reduce the impact of environmental damage that occurs in Libya. 

4. CONCLUSION 

The results of this study indicate that the EKC hypothesis has not been proven in the Libya 

economy throughout 2013-2021. When viewed from the influence of each independent variable, the 

GDP and HDI variables significantly reduce environmental damage. On the other hand, the population 

density variable has the opposite effect. 

Although the GDP variable significantly reduces environmental damage, the quadratic direction of the 

GDP variable shows a positive number. Therefore, the government must continue to increase the 

implementation of environmentally friendly economic activities through economic transformation, the 

use of green technology, the implementation of carbon pricing and other related policies. In addition, 

improving the quality of human resources and controlling population distribution can also be a 

solution to reduce the impact of environmental damage due to economic activities in Libya. 

Reference 

[1]. Colombatto, Enrico. (2006). On economic growth and development. The Review of Austrian 

Economics. 19. 243-260. 10.1007/s11138-006-9247-x. 

[2]. Saleth, Rathinasamy & Galab, Shaik & Ellanki, Revathi. (2020). Issues and Challenges of Inclusive 

Development: Overview and Synthesis. 10.1007/978-981-15-2229-1_1. 

[3]. Masoud, Najeb. (2014). A contribution to the theory of economic growth: Old and New. Journal 

of Economics and International Finance. 6. 47-61. 10.5897/JEIF2013.0518. 

[4]. Al-Zehhawi, Ahmed Muayad. (2021). Technological Advancement and Economic Growth For 

The Business Sector. Academic Journal of Digital Economics and Stability, 10. 56-62. 

[5]. Migunovand, Rishat & Syutkina, Anastasia. (2024). Classical and neoclassical economic theory: 

Fundamentals of regulation for the agricultural sector. BIO Web of Conferences. 82. 

10.1051/bioconf/20248205031. 

[6]. Ayoob, Ayoob. (2011). Rural Population Density Effect on Socio-economic Characteristics: A 

Review. Journal of Social Sciences. 7. 655-661. 10.3844/jssp.2011.655.661. 

[7]. Vorobyev, A. (2019). The mapping population density in a sparsely populated region: a case 

study the Irkutsk Region. IOP Conference Series: Earth and Environmental Science. 381. 012095. 

10.1088/1755-1315/381/1/012095. 

[8]. https://epi.yale.edu/sites/default/files/2018-lby.pdf 

https://epi.yale.edu/sites/default/files/2018-lby.pdf


Omer M. Alsharef and Mohamed A.Salih Hassan Vol.11. Issue 3:2024 (July-Sept) 

 

 

Int.J.Buss.Mang.& Allied.Sci.   (ISSN:2349-4638)              44 

 
 

[9]. https://ourworldindata.org/co2/country/libya 

[10]. Block, S., Emerson, J. W., Esty, D. C., de Sherbinin, A., Wendling, Z. A., et al. (2024). 2024 

Environmental Performance Index. New Haven, CT: Yale Center for Environmental Law & Policy. 

epi.yale.edu 

[11]. Latifa, Lemtaouch & Yang, Kai & Brahimi, Houda. (2013). Environmental Kuznets Curve Theory: 

A Review. 10.2991/icibet.2013.264. 

[12]. Kar, A. K. (2023). Investigating the environmental Kuznets curve hypothesis for CO2 emissions 

in Nordic countries. International Journal of Environmental Studies, 81(4), 1637–1652. 

https://doi.org/10.1080/00207233.2023.2263250 

[13]. Saleem, H., Jiandong, W., Zaman, K., Elsherbini Elashkar, E., & Mohamd Shoukry, A. (2018). The 

impact of air-railways transportation, energy demand, bilateral aid flows, and population 

density on environmental degradation: Evidence from a panel of next-11 countries. 

Transportation Research Part D: Transport and Environment, 62, 152–168.   

[14]. Nuansa, Citrasmara & Widodo, Wahyu. (2018). Environmental Kuznets Curve Hypothesis: A 

Perspective of Sustainable Development in Indonesia. E3S Web of Conferences. 31. 09021. 

10.1051/e3sconf/20183109021. 

[15]. DBAB, ISMAIL & Azam, S. M. & Publish Article In the United States, American Journals 

Publishing Center. (2021). Environmental Awareness, Knowledge and Attitude of Libyan 

Secondary School Students Affecting Their Environmental Behaviour. JAAR: Volume 9, Issue 3, 

page 11-26 

[16]. Goodland, Robert. (2008). How Libya could become environmentally sustainable. Libyan 

Studies. 39. 10.1017/S0263718900010049. 

[17]. Gujarati, D. N. (2004). Basic Econometrics (Fourth Edition). The Mc-Graw Hill. 

[18]. Nikensari, S. I., Destilawati, S., & Nurjanah, S. (2019). Study Of The Environmental Kuznets 

Curve In Asia: Before And After The Millennium Development Goals. Journal of Development 

Economics, 27(2), 11–25. 

[19]. Xu Guo, Muhammad Shahbaz, The existence of environmental Kuznets curve: Critical look and 

future implications for environmental management, Journal of Environmental Management, 

Volume 351, 2024, 119648, 

[20]. Arango Miranda, R., Hausler, R., Romero Lopez, R., Glaus, M., & Pasillas-Diaz, J. R. (2020). 

Testing the Environmental Kuznets Curve Hypothesis in North America’s Free Trade Agreement 

(NAFTA) Countries. Energies, 13(12), 3104. 

[21]. Li X, Xu L. Human development associated with environmental quality in China. PLoS One. 2021 

Feb 11;16(2):e0246677. doi: 10.1371/journal.pone.0246677.   

[22]. Wafiq, Abdulloh & Suryanto, Suryanto. (2021). The Impact of Population Density and Economic 

Growth on Environmental Quality: Study in Indonesia. Jurnal Ekonomi & Studi Pembangunan. 

22. 301-312. 10.18196/jesp.v22i2.10533. 

[23]. Han S, Sun B. Impact of Population Density on PM2.5 Concentrations: A Case Study in Shanghai, 

China. Sustainability. 2019; 11(7):1968. https://doi.org/10.3390/su11071968 

[24]. Lambin EF, Meyfroidt P. Global land use change, economic globalization, and the looming land 

scarcity. Proc Natl Acad Sci U S A. 2011 Mar 1;108(9):3465-72. doi: 10.1073/pnas.1100480108  

https://ourworldindata.org/co2/country/libya
https://doi.org/10.1080/00207233.2023.2263250
https://doi.org/10.3390/su11071968

