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Abstract

Environmental Kuznets Curve (EKC) hypothesis states that relation between environmental degra-
dation and per capita income follows an upside down U path. This article aims to demonstrate EKC 
for Colombian case, using solid waste data from municipal landfills. The analysis is based on infor-
mation from 707 towns during 2008 – 2011. Among main results there is evidence that supports the 
EKC hypothesis. This hypothesis is stable after controlling variables, such as population density and 
altitude above sea level. Results also show that inflection point is not homogeneous cross region.
Keywords: Economic growth, Environment, Solid waste disposed in landfills, Non-lineal model, 
Colombia.

LA CURVA AMBIENTAL DE KUZNETS (EKC):  
LA DISPOSICIÓN DE RESIDUOS SÓLIDOS EN COLOMBIA

Resumen

La hipótesis de la curva ambiental de Kuznets (EKC) sostiene que la relación entre la degradación 
ambiental y el ingreso per cápita sigue una trayectoria en forma de U invertida. El propósito de este 
artículo es probar la EKC para Colombia utilizando datos de residuos sólidos dispuestos en rellenos 
sanitarios municipales. El análisis se basa en información procedente de 707 municipios en el perío-
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do 2008-2011. Entre los principales resultados, se encuentra evidencia que apoya la hipótesis de la 
CKA. Esta hipótesis se mantiene después de controlar variables, tales como la densidad poblacional 
y la altitud sobre el nivel del mar. Los resultados también indican que el punto de inflexión no es 
homogéneo a través de todas las regiones del país.
Palabras clave: Crecimiento económico, Medio ambiente, Residuos sólidos dispuestos en rellenos 
sanitarios, Modelo no lineal, Colombia.

A CURVA AMBIENTAL DE KUZNETS (EKC): A DISPOSIÇÃO  
DE RESÍDUOS SÓLIDOS NA COLÔMBIA

Resumo

A hipótese da curva ambiental de Kuznets (EKC) sustenta que a relação entre a degradação am-
biental e o rendimento per capita segue uma trajetória em forma de U invertido. O propósito deste 
artigo é provar a EKC para Colômbia utilizando dados de resíduos sólidos dispostos em terrenos 
sanitários municipais. A análise se baseia em informação procedente de 707 municípios no período 
2008-2011. Entre os principais resultados, encontra-se evidência que apoia a hipótese da CKA. Esta 
hipótese se mantém depois de controlar variáveis, tais como a densidade populacional e a altitude 
sobre o nível do mar. Os resultados também indicam que o ponto de inflexão não é homogêneo 
através de todas as regiões do país. 
Palavras chave: Crescimento econômico, Meio ambiente, Resíduos sólidos dispostos em terrenos 
sanitários, Modelo não linear, Colômbia.
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de la Universidad Militar Nueva Granada. rev.fac.cienc.econ, XXI (2)
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1. introduction

There has been an increasing interest in solid was-
te management in recent years. According to World 
Bank (2012), the world currently produces approxi-
mately 1.3 billion tons of solid waste per year. Of this 
total, Latin America and the Caribbean contribute 
12%. Colombia produces approximately 10 million 
tons of waste annually, and in 2025, it is expected 

to exceed 24 million tons of waste (Hoornweg & 
Bhada-Tata, 2012). Once collected,waste can be as-
signed to various transformation processes, including 
recycling, energy recovery, compost, biogas produc-
tion alternative fuels and other transformation pro-
cesses.1 Although these processes should be framed 
within comprehensive solid waste management in a 
way that represents health, environmental and so-
cioeconomic benefits, when using garbage is not 

1 According to US Environmental Protection Agency (2012), compost “is organic material that can be used as a soil amendment or as a 
medium to grow plants. Mature compost is a stable material with a content called humus that is dark brown or black and has a soil-like, 
earthy smell. It is created by: combining organic wastes (e.g., yard trimmings, food wastes, manures) in proper ratios into piles, rows, 
or vessels; adding bulking agents (e.g., wood chips) as necessary to accelerate the breakdown of organic materials; and allowing the 
finished material to fully stabilize and mature through a curing process.”
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possible, the landfill appears as an option for final 
disposal. However, the emphasis has increasingly 
turned to reducing waste in landfills by increasing re-
cycling and composting. Therefore, the goal of many 
countries, particularly European ones, is not to use 
landfills. Nevertheless, in Colombia landfill disposal 
is the most widely used system. These landfills recei-
ve the garbage of 763 municipalities but often have 
problems with leachate treatment, management of 
gases and daily coverage of the deposited material, 
as well as other problems (Noguera & Olivero, 2010). 
Furthermore, because this system is the most used in 
the country, its implementation reduces the amount 
of land available for use for alternative activities.

Because of the increasing environmental pollution, 
there has been considerable interest in studying the 
economic relationship between the standard of living 
of society and environmental degradation. In the 
early nineties, the EKC hypothesis was formulated 
by Grossman & Krueger (1991) and Shafik & Band-
yopadhyay (1992). This hypothesis raises an inver-
ted U-shaped relationship between economic growth 
and some indicators of environmental degradation2. 
There are various arguments that explain the shape 
of the curve. Dinda (2004) groups them into the fo-
llowing categories: scale effects, technological pro-
gress, composition effect, elasticity of demand for en-
vironmental quality, international trade, market me-
chanism and regulation. In the study by Grossman 
& Krueger (1991), it is argued that economic growth 
implies a negative scale effect on the environment. 
According to the hypothesis of the scale effect, the 
amount of pollution generated increases when eco-
nomic activity expands. However, this trend can be 
reversed via technological progress and changes in 
the productive structure. Regarding the latter, these 
occur when the continuous increases in income drive 
the transition from capital-intensive heavy industry 
activities to a service economy, which generates less 
pollution. This phenomenon is called composition 
effect (Shafik, 1994).

Another argument that helps explain the EKC is the 
elasticity of demand for environmental quality. There 

is evidence that the growth of GDP per capita leads 
to further deterioration of the environment in early 
stages of economic development. However, income 
growth stimulates demand for a cleaner environment 
by increasing the resources available to combat pollu-
tion (World Bank, 1992). According to Roca (2003), 
the willingness to pay for improvements in environ-
mental quality increases in greater proportion than 
income, after meeting a certain income threshold. In 
this sense, environmental quality can be considered 
a luxury good for certain income levels. When the 
basic needs of people are met, their concern for the 
environment increases (Dasgupta et al., 2002). As 
such, when a community moves toward achieving 
its social objectives, its institutions are strengthened 
to improve the regulatory framework and the effec-
tiveness of the control agencies that enforce exis-
ting legislation. That is why individuals change their 
consumption habits towards more environmentally 
friendly products and pressure the authorities to im-
plement stricter environmental regulations (Dinda, 
2004). According to Dinda (2004), the weak regu-
lation in developing countries leads to a reduced 
ability to enforce the rules established, which attracts 
multinational companies that develop highly pollu-
tant production processes.

While pollution activities in developed countries face 
higher regulatory costs than those of poor countries, 
international trade and globalization stimulate the 
relocation of polluting industries to countries with 
less regulated economies (Mani & Wheeler, 1998). 
This is called the pollution haven hypothesis. This 
hypothesis can explain, according to Mani & Whee-
ler (1998), the reductions in levels of environmental 
degradation in developing countries and increases 
in the level of environmental degradation in middle-
income countries. Meanwhile, Andreoni & Levinson 
(2001) reinforce the idea that the EKC depends more 
directly on the existence of economies of scale in the 
elimination of pollution rather than externalities, ins-
titutional policies and growth dynamics.

Several studies have empirically proven the exis-
tence of the EKC in solid waste. In a global context, 

2 The scenario is similar to the originally raised by Kuznets (1955), in which the distribution of income is related to economic growth.
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Johnstone & Labonne (2004), using a panel data 
of countries in the Organization for Economic Coo-
peration and Development (OECD), examined the 
economic and demographic determinants of solid 
waste production. These authors found that urbani-
zation and population density have a positive effect 
on the generation of municipal solid waste, whereas 
the percentage of children in the household has a 
negative effect. At the national level, and using 
cross-sectional data of 1991 for 3,141 counties in 
the United States, Berrens et al. (1997) found evi-
dence supporting the existence of the EKC for the 
hazardous waste sector. These authors estimated that 
the turning point is US$20,253.3 Meanwhile, Maz-
zanti, Montini & Zobolini (2008) provided empirical 
evidence of the relationship between the amount of 
solid waste generated and socioeconomic variables 
by analyzing a panel of 103 Italian provinces during 
the period 1999-2005. The results showed evidence 
for the EKC for solid waste with a turning point bet-
ween 22,586 and 31,611 euros of income per capi-
ta. One of the conclusions of this study argued that 
the identification of the EKC depends largely on the 
availability of disaggregated national data. Finally, 
the policy implications of Mazzanti et al. (2008) no-
ted that developing countries should not expect the 
implementation of policies to reduce solid waste until 
obtaining high levels of consumption and individual 
income. Following the approach of Mazzantiet al. 
(2008), Ichinose, Yamamoto & Yoshida (2011) used 
disaggregated municipal solid waste information for 
Japan in 2005. They found evidence supporting the 
EKC for solid waste from households, but no eviden-
ce for the waste produced by businesses. The turning 
point for the waste disposed of in land fillsstoodat 
3.48 million yen.

Despite the importance of determining the existence 
of the EKC in solid waste, little research has been 
formally conducted on the subject. In fact, studies 
are more scarce at the country level. In the case of 
developing countries, the lack of environmental indi-
cators has hindered the ability to test the hypothesis, 
although the effects of environmental degradation 

are higher in these countries (Zilio, 2012). Colom-
bia is no exception. However, there is a study that 
proves the existence of the EKC for other pollutants. 
Correa et al. (2005) studies the EKC thesis using 
time series data for three indicators of environmen-
tal degradation: Sulfur Dioxide, Carbon Dioxide and 
biochemical oxygen demand. The authors conclude 
that Colombia is in the growing phase of the EKC. In 
other words, the country’s economic growth means 
more environmental damage. Nevertheless, this fin-
ding should be interpreted with caution for at least 
one reason. As it has been empirically tested per ca-
pita income and pollution indicators tend to be non-
stationary variables. This suggests that the strong 
correlation found between per capita income and 
pollution indicators could be spurious since they do 
not specify a cointegration test4. Apart from Correa 
et al (2005) there is no other study that brings evi-
dence on the EKC. The aim of this paper is to provi-
de empirical evidence of the existence of the EKC in 
the sector of solid waste disposed of in Colombia´s 
municipal landfills. The analysis is conductedon707 
municipalities using an unbalanced panel data du-
ring the period 2008-2011. In recent decades, the 
effects of economic activity on environmental de-
gradation have been increasingly examined in the 
context of national economies. For this reason, the 
identification of these effects may contribute to the 
development of more effective policies for environ-
mental management and particularly those related 
to solid waste. Specifically, this research seeks to an-
swer the following questions: Does it meet the EKC 
hypothesis for the solid waste sector? How is solid 
waste generation related to geographic and demo-
graphic variables? Are there increasing, constant or 
decreasing returns between consumption and the 
disposal of byproducts or residues?

This article proceeds as follows. Section 2 presents 
the solid waste situation in Colombia. Section 3 des-
cribes the empirical strategy used for estimation of 
the EKC in two specifications, namely, conventional 
and non-linear. Section 4 provides the results of the 
estimates. Section 5 concludes this article.

3 The turning point refers to the critical level of income at which environmental degradation decreases, ceteris paribus.
4 For a deeper analysis on spurious regressions see Johansen (1988).
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2. solid waste in colombia

Solid waste is a heterogeneous mass resulting from 
human activity or from other living organisms an-
dis largely comprised of waste from materials used 
in the manufacturing or the use of consumer goods 
(Fernández & Sánchez, 2007). Solid waste contri-
butes to the contamination of underground water 
streams and the production of methane, which is a 
greenhouse gas. According to figures from Hoorn-
weg & Bhada-Tata (2012), solid waste contributes 
approximately 5% of total greenhouse gases in the 
atmosphere. In Colombia, according to figures from 
the Superintendencia de Servicios Públicos Domi-
ciliarios (SSPD) for 2011, the largest department’s 
producers of waste at a national level were Cundina-
marca, Antioquia, Valle del Cauca, Atlántico and Bo-
lívar. The Colombian capital cities contribute 65.3% 
of total solid waste. It is worth noting that the country 
currently manages its waste using various disposal 
systems: landfills, open dump, integrated plant, bu-
rial, body of water and burning, which account for 
93.8%, 5%, 0.7%, 0.3%, 0.07%, and 0.03% of the 
waste, respectively (see Figure 1).

Figure 1. Distribution of disposal systems for 20115.

Disposal systems Percentage share

Landfills 93.80%

Open dump 5%

Integrated plant 0.70%

Burial 0.30%

Body of water 0.07%

Burning 0.03%

In Colombia, there are 1,112 municipalities, of 
which only 1,098 have reports on the type of dispo-
sal they use for their waste. As indicated in Table 1, 
in 2011, 762 municipalities used landfills, 190 used 
open dumps, and 67 used integrated plants for the 
treatment of solid waste.

Table 1. Disposal systems for 20116

Type of disposal 
site

Average 
tons per 

day

Number of munici-
palities that dispose 

on this site

Number of 
disposal 

sites 

Landfills 24,608.4 762 206

Transitory cells 293 38 27

Open dump 1,334.6 190 176

Integrated plant 189.7 67 35

Burial 83.3 27 24

Body of water 19.4 9 7

Burning 8.7 5 5

The use of landfills in 2011 increased by 4.7% (bet-
ween 764 and 800 municipalities), whereas the use 
of integrated plants for the treatment of solid waste 
decreased by 20% (from 83 to 67 municipalities). 
This decrease can be attributed to the result of the 
surveillance conducted by the SSPD over the last few 
years. This entity encourages municipalities to use 
suitable sites for disposal of their waste, to employ 
the appropriate infrastructure, and to fulfill current 
regulatory requirements.

The environmental problems associated with solid 
waste have increased in recent years. These pro-
blems have been regulated over time to address the 
collection, transportation, treatment and disposal of 
this waste. The policy for solid waste management is 
based on the Constitution of Colombia, Law 99 of 
1993 and Act 142 of 1994. This policy has suppor-
ted the establishment of the regulatory framework for 
the structuring of a methodology with which Integra-
ted Solid Waste Management Plans (Planes de Ges-
tión Integrada de Residuos Sólidos, PGIRS, in Spa-
nish) are designed.  Municipalities must submit these 
plans and implement them under the supervision of 
the relevant control bodies. All these actions aim to 
achieve sound management of waste by imposing 

5 SSPD (2011).
6 SSPD (2011).
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restrictions to end open dumps while fostering the 
use of landfills.

3. empirical strategy

To elucidate the relationship between solid waste dis-
posed of in landfills and economic growth, we uti-
lized two types of models: the conventional model 
and the nonlinear model proposed by Andreoni & 
Levinson (2001). 

3.1. conventional model

Following Cole (2004) and Dinda (2004), we analyze 
the EKC hypothesis using the following expression:

(Per capita solid waste)it = β0 + β1 (Per capita income)it  
+ β2 (Per capita income)it2 + β3Xi + εit                          [1]

in which β0 represents the intercept parameter, per 
capita income is the municipal gross domestic pro-
duct per inhabitant, Xi is a vector of geographic and 
demographic variables, and ε is the random error 
term. The last term has the properties of a conven-
tional panel data, which differs between fixed and 
random effects. In order to satisfy the EKC hypothe-
sis the sign of β2 should be negative.  

3.2. structural model

From Andreoni & Levinson (2001) we assume an 
economy with a single utility maximizing individual 
and no externalities. In addition, the agent only re-
ceives utility from consumption of a private good (c) 
and of waste not recycled (Rnr). Therefore, the repre-
sentative individual has a utility function of the form:
 

          U(c, Rnr)           [2]

in which U is increasing in c and decreasing in Rnr.
7 

Here, Rr is the fraction of the total waste generated 
that is recycled and interpreted as an indicator of po-

llution abatement. Thus, the total waste is expressed 
as Rtot = Rnr + Rr. The specification of the utility 
function of the representative individual is:

Uc, Rnr = c – zRnr,      z>0,                [3]

in which z is the rate of constant disutility of Rnr4. 
Thus, an individual can reduce pollution by spen-
ding resources. This is known as environmental effort 
(E).8 Therefore, the pollution caused by solid waste is 
an increasing function of c and a decreasing function 
of E. Furthermore, assuming that Rtot is a fraction δ 
(0<δ<1) of c and Rr is a Cobb-Douglas function of 
the form Rr=cαEβ, it is possible to express Rnr as:

Rnr = Rtot – Rr = δc – cαEβ, 0≤ α,β ≤1      [4]

in which cα indicates the proportion of consumption 
that can be recovered and the parameter α repre-
sents a technological component, which is derived 
from the possibility of recycling the consumption. If 
α = 1, then all consumption is separable and repre-
sents the maximum amount of recycling. When α = 
0 the consumption is not recyclable. Thus, when α 
increases, Rr increases and Rnr decreases given E. 
A similar intuition applies for Eβ. In this case, as it  
increases, β, Rr increases while Rnr decreases. This 
is due to a greater effect of E given c. In [3], c has 
a double effect. First, c increases Rnr and, second, 
c reduces it. So the effect of consumption on non-
separated waste is ambiguous. The primal problem 
facing the individual is:

MaxU(c,Rnr) = c – z (δc – cαEβ)     [5]

subject to cpc + Epe = m,     [6]

in which m is the income, pc is the price of consump-
tion and pe is the price of effort. The optimal choices 
of consumption (c*) and effort (E*) forz = δ = 1, are:

c* = αα + βM,     [7]

7 Rnris considered a public bad and can be interpreted as an indicator of environmental pollution that brings about disutility to the 
individual. Furthermore,  Rnris a byproduct of c. Thus, an increase in the consumption implies a higher degree of pollution.

8 Effort comes at a price, so called price of effort, which may depend on various factors, such as geographic and demographic factors.



13

THE ENVIRONMENTAL KUZNETS CURVE

E* = βα + βMπ,   [8]

in which M=mPc  is the real income and π= PePc  
is the relative price of effort. Replacing [7] and [8] 
in [6], we obtain the optimal choice of non-recycled 
waste (Rrn*):

Rrn* = αα+ βM- [αα+ β]α[βα+ β]βMα + βπβ   
[9]

Regarding the path of the relationship of income-
non-recycled waste, this will depend on the values 
of parameters α and β. If α + β > 1, then the remo-
val of contamination will display increasing returns 
to scale; therefore, the tendency will be an inverted 
U-shaped curve described by the EKC.9 The turning 
point from which Rrn* decreases is equal to:

τ = 1α+ βα1 - αα+ βπβ1α + β – 1     [10]

Equation [10] indicates that the turning point de-
pends on the relative price of effort, π, which is a 
function of demographic and geographic factors 
such as population density and altitude. Moreover, 
the price of effort varies between individuals and in 
the context of the community.

Thus, the estimate of [9] addresses the specific ob-
jectives proposed. First, we determine the effecto f 
demographic and geographic variables in the gene-
ration of solid waste disposed of in landfills. Second, 
we test the hypothesis of increasing returns to scale in 
the production function of solid waste. The analysis 
is conducted on 707 municipalities using an unba-
lanced panel data during the period 2008-2011. 
The data are obtained from the following sources: 
Departamento Administrativo Nacional de Estadísti-
ca (DANE), Sistema Único de Información (SUI) of 
the SSPD, Departamento Nacional de Planeación 
(DNP) and Federación Colombiana de Municipios 
(FCM)10. 

4. Results

Table 2 presents the estimation of the conventional 
model. It is observed that the results support the exis-
tence of the EKC for solid waste disposed of in land-
fills. The introduction of geographic and demographic 
variables does not alter the results evidencing the EKC 
for solid waste disposed of in landfills of the munici-
palities of Colombia. More over, population density 
and altitude were statistically significant and have a 
negative and positive effect, respectively. These results 
imply that the most densely populated areas and with 
a lower elevation relative to sea level tend to increase 
the generation of waste in the national context. Tur-
ning points in the range of observation were estima-
ted for the three geographical regions. Nationally, the 
turning point is at approximately US$ 13,682. The 
Andean region exhibits a turning point around US$ 
14,359. Finally, in the rest of the country, the turning 
point reaches US$ 14,012.11

Table 2. Conventional Model12

 National Andean Region Rest of the 
Country

Density
0.0211*** 0.0170*** 0.0320***

(5.30) (3.66) (4.13)

Altitude
-0.0209*** -0.0266*** -0.00387

(-6.27) (-6.13) (-0.30)

GDP per capita
0.00800*** 0.00925*** 0.00517***

(8.59) (7.74) (3.54)

(GDP per 
capita)2

-0.00000017*** -0.00000019*** -0.00000010**

(-5.58) (-4.65) (-2.53)

Constant
95.63*** 102.8*** 91.59***

(16.21) (12.41) (10.62)

Observations 2338 1881 457

Turning points 13,681.8 14,358.7 14,012.5

* p<0.1

** p<0.05

9 For more details see Appendix.
10 Database is available upon request by sending an e-mail to the corresponding author.
11 The income is in constant prices in dollars of 2005. One dollar at the time of this study costs 1,794.63 Colombian currency.
12 Research data.
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The second part of our empirical analysis concer-
ning the nonlinear model is presented in Table 3. 
The purpose of this assessment was to strengthen the 
relationship between the empirical and theoretical 
analysis of the EKC. One of the implications of the 
estimation using nonlinear least squares is the appro-
priate allocation of initial values to the parameters. 
This implication becomes more important when the 
number of parameters to be estimated is large. Given 
this, we assume a=1, which indicates that all con-
sumption can be recycled. As observed in Table 3, 
the sum of the estimated coefficients a andb> 1 for 
the three regions. This condition indicates that the 
elimination of pollution from solid waste disposed of 
in landfills shows increasing returns to scale. Thus, as 
shown in Figures 1, 2 and 3, the trend is observed in 
the form of an inverted U as described by the EKC.

Table 3. Nonlinear model13.

 National
Alpha 1

Beta
0.0118***

(31.61)

Constant term
555.8***
(28.03)

Determinants of the price of effort

Density
0.128***

(6.96)

Altitude
-0.0602***

(-5.63)
Observations 2,338

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

Furthermore, Table 3 shows that the population den-
sity and altitude determine the price of effort in each 
of the regions examined. Regarding population den-
sity, we can see that the cost of the effort of reducing 
pollution is higher in more densely populated areas. 
However, when interpreting the effect of altitude on 
the price of effort, we can see that the cost of redu-

cing pollution decreases at higher altitudes above sea 
level.

Figures 2, 3 and 4 show graphically a U-inverted re-
lationship between solid waste disposed of in landfills 
and income per capita in the contexts of the nation, 
the Andean region, and the rest of the country, res-
pectively. Moreover, the turning points in each of 
these three contexts are between U.S. $ 10,000 and 
U.S. $ 15,000 of income per capita. Another obser-
vation is that most of the municipalities in all areas 
analyzed are concentrated in the growing segment of 
the curve.

Figure 2. National Environmental Kuznets Curve for solid 
waste disposed of in landfills14

13 Research data.
14 Note: Solid waste is in pounds per capita. Research data.
15 Source: Research data. Note: Solid waste is in pounds per capita.

Figure 3. Environmental Kuznets Curve for solid waste 
disposed of in landfills in the Andean Region15
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Figure 4. Environmental Kuznets Curve for solid waste 
disposed of in landfills of the Rest of the Country16
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5. conclusions

This article is an application of the hypothesis of En-
vironmental Kuznets Curve to solid waste disposed 
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tors affecting the income-pollution relationship with 
solid waste. The results indicate that the less densely 
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Moreover, estimates for the turning points include 
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The recycling effort is a key indicator to verify the 
improvement in the quality of the environment. That 
is why we define a nonlinear model to explain the 
main variables that influence the pricing of the effort 
to reduce pollution. This price depends on the alti-
tude and population density in each of the regions 
studied. The main finding of this study is the obtain-
ment of the Environmental Kuznets Curve for both 
the conventional model and the nonlinear model 
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of the Environmental Kuznets Curve for other po-
llutants and control for other factors such as energy 
consumption and policy variables.

16 Source: Research data. Note: Solid waste is in pounds per capita.
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Appendix

Equation [9] describes the role of non-recycled waste. The curvature 
depends on the values   of the parameters α and β and the price of 
effort.The path income-waste shows a U-shaped inverted if these 
parameters satisfy the following conditions: the higher the price of 
effort the greater the turning point, ceteris paribus.The first derivative 
of the non-recycled waste function is greater than zero:

∂Rrn*∂M = αα + β – (α + β)αα + βαβα + ββMα + β – 1πα

The second derivative allows extracting the conditions that define 
the shape of the curve:

∂2Rrn*∂M2=0                                                                                                      
if α + β < 1 – (α + β)(α + β – 1)αα  

+ βαβα + ββMα + β - 2πα > 0

if α + β < 1– α + βα + β – 1αα  
+ βαβα + ββMα + β – 2πβ < 0

if α+β > 1

In the first condition, the function is linear and increasing. The second 
function is convex, and it does not adopt the form of the EKC. In the 
latter, there are increasing returns to scale in eliminating pollution. 
Therefore, in the latter case, the relationship of income-waste has 
an inverted U -shaped curve.


