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Abstract
This note examines the environmental Kuznets curve hypothesis for municipal solid waste in 33 OECD countries

between 1995 and 2012. Wang's (2013) flexible polynomial model is utilized. The results show that there exists no

inverted U-shaped Environmental Kuznets Curve relationship between per capita income and Municipal Solid Waste

in OECD countries. Instead, they reveal a downward sloping relationship.
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not follow the usual EKC shape, since solid waste increases at low and high levels of per capita 
income whereas it decreases at intermediate levels of per capita income. Yanrong et al. (2011) 
study the relationship between industrial solid waste and GDP per capita for the Henan province 
in China between 1993 and 2008. They find that income per capita and solid waste did not follow 
the usual EKC trend, since solid waste generation was decreasing with the increase in per capita 
GDP in the early stages of development. Only few studies are conducted on OECD countries. Yet, 
most of these studies do so without explicitly testing for the EKC hypothesis. An early study on 
13 OECD countries between 1975 and 1990 shows that municipal solid waste increases 
monotonically with income (Cole et al. 1997). Another study on 30 OECD countries from 1980 
until 2000 by Johnstone and Labbone (2004) shows that there exists a positive inelastic 
relationship between consumption expenditure and municipal solid waste. Karousakis (2009) uses 
time series and cross-sectional data from 1980 until 2000 to find the determinants of municipal 
solid waste for 30 OECD countries. The author concludes that GDP and urbanization have a direct 
positive effect on municipal solid waste generation.  
 
In sum, the EKC hypothesis for MSW has mixed evidence. While some studies from developing 
countries find support for an inverted U-shaped EKC, some others do not. Older studies conducted 
on OECD countries fail to depict an inverted U-shaped EKC. However, they do so by simply 
studying the determinants of MSW generation and without explicitly testing the hypothesis. For 
this reason, this paper aims to fill a gap in the literature by examining whether the Environmental 
Kuznets Curve exists between GDP per capita and municipal solid waste for 33 OECD countries, 
and by explicitly testing this hypothesis using more recent data. The main aim of this paper is thus 
to provide new empirical evidence on whether economic development reduces MSW generation 
in OECD countries.  
 
The paper unfolds as follows. Section 2 describes the data and the econometric model, and analyses 
the results. Section 3 concludes. 
 

2. Model and results  

2.1 Data 

We use annual data covering the period from 1995 to 2012. We identify the following variables of 
interest: per capita Municipal Solid Waste (MSW) denoted by w , real GDP per capita denoted by

y , population density denoted by p , urban population denoted by u , and energy intensity denoted 

by e .  Data for per capita MSW is taken from the OECD municipal waste database (OECD 2018), 
whereas the data for all other variables is taken from the World Bank’s World Development 
Indicators (WDI 2018). The data spans 18 years and 33 out of 36 OECD countries, excluding 
Australia, Canada and New Zealand due to the lack of data on one or more of the used variables. 
In our sample, MSW is measured in kilograms per capita per year. Real GDP has the year 2010 as 
the base year and is measured in US dollars. Population density is measured in people per square 
Kilometer of land area. The choice of population density as a control variable is based on prior 
studies that show a positive relationship between MSW and population density (Johnstone and 
Labbone 2004). We also control for urban population, which is the proportion of urban population 
in total population. Finally, we control for energy intensity, which is measured in Mega Joules per 
GDP, PPP (constant 2011 International $). Table I provides the summary statistics of the five 
variables. The mean of per capita MSW is about 486 kilograms per capita per year. GDP per capita 



 

 

averages around USD 33,486 (constant 2010). As for population density, the average for the 33 
OECD countries in our sample is around 139 people per square kilometer, compared to the world 
population density average between 1995 and 2012 which is about 49 people per kilometer square. 
Moreover, the average urbanization rate is around 75 percent, and energy intensity has an average 
value of 5.49 Mega Joules per dollar of GDP, noting that a higher value of the latter variable 
indicates a more energy intensive or more polluting economy.  

 
Table I: Summary statistics  

 
MSW per 

capita 
GDP per 

capita 
Population 

Density 
Urban 

Population 
Energy 

Intensity 

Mean 486.33 33485.76 139.73 74.67 5.49 
Standard Deviation 129.44 21737.40 127.27 11.25 2.37 

Minimum 245.60 5139.30 2.67 50.62 2.46 
Maximum 829.43 111968.30 515.88 97.74 19.22 

Number of Observations 581 594 584 594 594 
Notes: Municipal Solid Waste (MSW) per capita is measured in Kilograms per year; Gross Domestic Product (GDP) 

per capita is measured in constant 2010 USD; Population Density is people per square Kilometer of land area; Urban 

Population is the proportion of urban population in total population; the Energy Intensity Level of Primary Energy is 

measured in Megajoules per 2011 USD PPP GDP.  

Sources: MSW data is taken from the OECD (2018), whereas the data for all other variables is taken from the World 

Development Indicators (WDI 2018). 

 

Before running regressions, we test for stationarity to avoid having spurious results. The 
Augmented Dickey Fuller (ADF) panel unit root test is applied since the data at hand is a panel. 
The null hypothesis in the ADF panel unit root test states that variables are not stationary. The 
results show that the p-value for the five variables is close to zero and that all the variables are 
stationary at level, at the one percent level of statistical significance. To control for country fixed 
effect, we use the panel fixed effect model in all our regressions. 

 
2.2 Model and results  

There is wide evidence in the EKC literature that utilizing the quadratic parametric model may 
lead to spurious results (Aslanidis 2009). In order to overcome this problem, our empirical model 
is based on Wang’s (2013) method, which allows for flexibility in polynomial specifications 
without implementing a fully non-parametric approach. Our approach avoids spurious regressions 
resulting from the implementation of the pure quadratic form. Therefore, it yields more credible 
results as it explores a large array of polynomial relationships. In his model, Wang (2013) studies 
carbon and sulfur EKCs for 19 OECD countries by utilizing various non-linear transformations to 
check for the presence of an EKC. In line with Wang (2013), we express the EKC relationship 
between the pollutant and income using the following specification: 

0 1 2 1 2 3it it it it it it it
w y y p u e

                                                                                                            (1) 

In equation (1), it
w represents the natural logarithm of MSW, 

it
y is the natural logarithm of GDP 

per capita, it
p is the natural logarithm of population density, it

u is the natural logarithm of the 



 

 

urbanization percentage, and it
e is the natural logarithm of energy intensity; where i  and t  

represent country and time respectively.   represents a random polynomial power between zero 

and two, where one is excluded. The difference between any two consecutive values of  is 0.1, 

following Wang (2013). The turning point of the EKC is when  
1

1
1 2y      , which exists 

under the following conditions: 

a) when  ∈ (0,1): 1 0  , 2 0   and  1 2     

b) when  ∈ (1,2): 1 0  , 2 0   and  1 2   

This model allows us to detect the characteristics of the non-linear equations by choosing different 
values of  .  

We run 19 regressions using the fixed effect model. The results for the pure EKC relationship, 
excluding the controls, are presented in Table II below, while the 19 other estimates for the full 
specification given by equation (1) are presented in Table III. All estimations clearly indicate that 
there is no evidence in support for the inverted U-shaped EKC relationship between MSW and per 
capita GDP in the 33 OECD countries. Instead, plotting the fitted regressions in Tables II and II, 
within sample range, reveals the existence of a downward sloping relationship between the two 
variables.  

 
 Table II: Fixed effect estimates (without control variables)  

 ∈ (0,1) 
0  1  2  Conditions 2

R  

    
1 0  , 2 0   

1 2    

0.1 176.50*** 2.13*** -152.27*** No Yes 0.489 

0.2 90.48*** 2.37*** -68.23*** No Yes 0.488 
0.3 61.80*** 2.69*** -41.41*** No Yes   0.488 
0.4 47.46*** 3.11*** -28.85*** No Yes   0.487 
0.5 38.85*** 3.70*** -22.06*** No Yes   0.487 
0.6 33.12*** 4.58*** -18.30*** No Yes   0.487 
0.7 29.02*** 6.05*** -16.65*** No Yes   0.486 
0.8 25.94*** 8.99*** -17.40*** No Yes   0.486 
0.9 23.55*** 17.81*** -24.62*** No Yes   0.486 

 

 ∈ (1,2) 
0  1  2  Conditions 2

R  

    
1 0  , 2 0   

1 2    

1.1 20.07*** -17.47*** 12.77*** No Yes   0.485 
1.2 18.77*** -8.65*** 4.66*** No Yes   0.484 
1.3 17.66*** -5.71*** 2.28*** No Yes   0.484 
1.4 16.72*** -4.24*** 1.26*** No Yes   0.484 
1.5 15.90*** -3.39*** 0.75*** No Yes   0.483 
1.6 15.18*** -2.77*** 0.47*** No Yes   0.483 
1.7 14.54*** -2.35*** 0.30*** No Yes   0.482 
1.8 13.98*** -2.04*** 0.20*** No Yes   0.482 



 

 

1.9 13.47*** -1.79*** 0.13*** No Yes   0.482 
2.0 13.02*** -1.60*** 0.09*** No Yes   0.481 

 
Notes: * significance at the 10% level, ** significance at the 5% level, *** significance at the 1% level  

 
Table III: Fixed effect estimates (with control variables)  

 ∈ (0,1) 
0  1  2  Conditions 2

R  

    
1 0  , 2 0   

1 2    

0.1 253.51*** 3.09*** -218.82*** No Yes 0.225 
0.2 130.07*** 3.45*** -98.18*** No Yes 0.223 
0.3 88.91*** 3.90*** -59.66*** No Yes   0.222 
0.4 68.32*** 4.52*** -41.62*** No Yes   0.221 
0.5 55.97*** 5.37*** -31.86*** No Yes   0.220 
0.6 47.74*** 6.65*** -26.46*** No Yes   0.219 
0.7 41.86*** 8.79*** -24.11*** No Yes   0.218 
0.8 37.44*** 13.06*** -25.22*** No Yes   0.217 
0.9 34.01*** 25.88*** -35.74*** No Yes   0.216 

 

 ∈ (1,2) 
0  1  2  Conditions 2

R  

    
1 0  , 2 0   

1 2    

1.1 29.02*** -25.39*** 18.58*** No Yes   0.214 
1.2 27.15*** -12.57*** 6.79*** No Yes   0.213 
1.3 25.56*** -8.30*** 3.33*** No Yes   0.212 
1.4 24.20*** -6.16*** 1.85*** No Yes   0.211 
1.5 23.03*** -4.88*** 1.10*** No Yes   0.211 
1.6 21.99*** -4.03*** 0.68*** No Yes   0.210 
1.7 21.08*** -3.41*** 0.439*** No Yes   0.209 
1.8 20.27*** -2.96*** 0.29*** No Yes   0.208 
1.9 19.55*** -2.60*** 0.19*** No Yes   0.207 
2.0 18.90*** -2.31*** 0.13*** No Yes   0.207 

 
Notes: * significance at the 10% level, ** significance at the 5% level, *** significance at the 1% level  

 

3. Conclusion 

Our results reveal a decreasing relationship between GDP per capita and MSW per capita, which 
suggests the absence of an EKC relationship and indicates that higher economic standards may 
lead to less MSW generation. This finding could be explained by the presence of enhanced 
environmental regulations in more developed countries. It could also be due to the major role of 
waste-management industries, in the selected OECD countries, in MSW long-term abatement. 
However, we should be cautious about extrapolating these results to future trends in developing 
countries as further studies are required. 
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