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Abstract
The objective of this work was to analyze how deforestation of the Legal Amazon (AMZ-L) is affected by the economic growth 
of the states it covers, from 2000 to 2017. This study is based on the Environmental Kuznets Curve theory (EKC), proposed 
by Grossman and Krueger (1991). We used the panel data method considering the fixed effects to answer the research 
problem. The hypothesis of the EKC, in fact, happens in the initial stage, showing that, with the increase in income, defor-
estation rates drop, causing the curve to reverse, taking an inverted “U” shape. However, at high-income levels, deforestation 
increases again, thus the curve takes an “N” shape. Considering this scenario, we can conclude that the increase in income 
alone does not guarantee deforestation reduction. However, we must emphasize that deforestation rates are lower than in 
the initial stage at high-income levels, showing the government intervention is needed.

Keywords: Economic growth. Sustainability. Environmental Kuznets Curve. Panel data.

Introduction

Since the 1990s, when the Earth Summit 
took place in Rio de Janeiro, also called ECO-92 
or Rio-92, much has been discussed about glob-
al warming and humanity’s unsustainable growth 
model. The accumulation of greenhouse gases in 
the atmosphere, the reduction of natural forests, 
and their impacts on the ecosystem worldwide 
were consequences of the advance of agricul-
tural and livestock exploitation, extractivism, 
fires, or natural events (ARRAES; MARIANO; 
SIMONASSI, 2012).

Besides these debates, the concern of the 
world community has begun to seek alterna-
tive means for industrial production to promote 
economic growth in the countries sustain-
ably, as described in the Brundtland Report. 
Conceptually, sustainable development (SD) is 
the conscious consumption of natural resources 
in the present so that future generations have the 

same level of satisfaction as the current genera-
tion (UNITED NATIONS, 1987).

In 47 years of discussions about the unsus-
tainable way the world develops, little progress 
has actually been made on the actions fore-
seen by the global government agendas. World 
leaders have neglected the urgent nature of 
adopting sustainable measures provided for in 
the United Nations conventions (GUIMARAES; 
FONTOURA, 2012).

In a scenario of seeking a balance between 
economic development and sustainability, Brazil 
stands out with an essential role within the con-
ventions. Works such as the ones of Guimarães 
and Fontoura’s (2012) and Lago’s (2006) 
showed Brazil as one of the most active countries 
regarding sustainability within the conventions 
held by the United Nations, however the same 
authors described that the measures adopted are 
still uncertain and insufficient.
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Although Brazil has added efforts to comply 
with the principles and agreements established 
since ECO-92, authors such as Fearside (2006) 
and Coelho and Ferreira (2015) have shown 
deforestation of Brazilian forests is growing 
continuously, especially in the Amazon Forest, 
pointing as the leading causes the government 
decisions (FEARSIDE, 2006) and economic and 
social inequalities (LAKE, 2006).

The global focus on Brazil is mainly on the 
Amazon because although the forest extends to 
other countries, Brazil has most of it. For exam-
ple, 59 % of the Amazon rainforest is in Brazil, 
followed by Peru,13 %, and smaller shares in 
Colombia, Venezuela, Ecuador, Bolivia, Guyana, 
Suriname, and French Guiana (IBGE, 2010).

In Brazilian territory, the Amazon rainforest 
is part of the Legal Amazon (AMZ-L), created 

by Law no. 5.173 /1966 (BRASIL, 1966), for 
political and rather than geographical reasons, 
strategically to develop that region economically. 
The AMZ-L is composed not only of moist for-
ests but also of Cerrado and open Ombrophilous 
forest, which involves almost all of the farm-
ing activity (MARTHA JUNIOR; CONTINI; 
NAVARRO, 2011).

The territory of the Legal Amazon is 
5,217,423 km2 and corresponds to approxi-
mately 61 % of the national land, 8,514,877 
km2. The region includes, in its entirety, the 
states of Acre, Amapá, Amazonas, Mato Grosso, 
Pará, Roraima, Rondônia, and Tocantins anda 
part of the state of Maranhão (meridian 44th 
west). (FEARSIDE, 2006). Figure 1 shows the 
limits of the Brazilian Legal Amazon.

Figure 1: Demonstrative map of the limits of the Brazilian Legal Amazon.

 Legal Amazon Limite     State Border

Source: Ferreira (2011).

The states that compose the AMZ-L, ac-
cording to IBGE (2010), have a population of 
approximately 24 million inhabitants, distributed 
in 775 municipalities, holding 1/3 of the humid 

tropical forests and the most extensive genetic 
bank on the planet, besides holding 1/5 of all 
drinking water in the world. Moreover, at the na-
tional level, it contains 45 % of all groundwater 
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in the country. As for the economic sector, the av-
erage gross domestic product (GDP) per capita of 
the states covered by the AMZ-L corresponds to 
about 63 % of the national GDP. Because of such 
representativeness and influence on the planet’s 
balance, Arraes, Mariano, and Simonassi (2012) 
pointed out that the 1970s were marked by in-
tense territorial occupation and opening of virgin 
forests for the Transamazon highway project.

AMZ-L has characteristics that favor the 
degradation of the region: the agricultural and 
livestock sector, encouraged by geography and 
rainfall index above average (MARGULIS, 2003), 
and the extraction and illegal appropriation of ter-
ritory, which occur when there is infrastructure 
improvement, facilitating the exit of wood, land 
invasion and falsification of deeds by settlers, 
who occupy lots and sell them. The invasions 
happen because the infrastructures add value to 
the properties, which often escape from govern-
ment control (FEARSIDE, 2006). Furthermore, 
according to the author, the social inequality of 
that region also contributes to degradation, and 
the country’s economic aspects are directly re-
flected in the AMZ-L area.

In contrast to income inequality, the eco-
nomic growth of the agricultural and livestock, 
and extractive sector has caused pressure on 
AMZ-L, alerting the scientific community even 
more about the risks to which society will be 
exposed if sustainable means of production are 
not met. In this sense, Grossman and Krueger 
(1991), with the concept of the Environmental 
Kuznets Curve (EKC), established an inverse “U” 
relationship between economic growth and sus-
tainability, explaining in their study that, in the 
beginning, when there are economic advances 
and an increase in income per capita, environ-
mental degradation also increases; however, at 
some point, as income and economy increase, 
environmental degradation tends to decrease. 
Thus, there is a positive expectation regarding 
the changes in economic growth taking place in 

the country and, at the same time, the need to 
improve income and technology to mitigate the 
impacts on the environment.

With the advances in the exploration of 
AMZ-L and the imminent risk of causing an im-
balance in this ecosystem, this article aimed to 
identify the extent to which the economic growth 
of the states that make up the Legal Amazon has 
impacted deforestation in the region in the peri-
od 2000-2017.

Sustainable Development

Although sustainable development has been 
used as a concept since the mid-20th century, 
it appeared in 1713. The term was used for the 
first time by the German author Hans Carl Von 
Carlowitz in his study on the inconsequential ex-
ploitation of wood in Germany. Von Carlowitz 
suggested Nachhaltende Nutzung (sustainable 
use) of forests, implying that, in logging, there 
should be enough young trees to replace those 
that would be removed, considering that wood 
was consumed as fuel and was part of almost 
all production processes until the 18th century.

The 18th century was marked by the expan-
sion of the world’s population mass, which also 
drew the researchers’ attention to sustainability 
and the future quality of life, because as the pop-
ulation increased, the needs and consumption 
of raw material increased too, as described by 
Malthus (1798), in his Essay on the principle 
of population.

With the arrival of the 19th century, the 
energy reserves became scarce, as energy origi-
nated primarily from coal, and the reserves were 
compromised. In this sense, Jevons (1866), in 
his work The Coal Question: An inquiry concern-
ing the progress of the nation, and the probable 
exhaustion of our coal-mines, warned against 
the irresponsible consumption of coal, showing 
that it would be in a shortage in less than a hun-
dred years in England if the scenario remained 
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unchanged, which would cause that country to 
lose its industrial dominance.

According to the theoretical path present-
ed, Pisani (2006) concluded that the theme of 
sustainable development has been addressed by 
scholars in the area long before the Brundtland 
Report. According to the author, sustainability 
issues have become popular with the rapid ad-
vance in irresponsible consumption caused by 
population growth and how the population has 
been developing.

Birth (2012) explained the two sides on 
which sustainable development originated. The 
first side is linked to ecology, which refers to the 
ability of ecosystems to recover from human or 
nature-induced aggression (earthquakes, tsuna-
mis, volcanoes, fire, etc.). The second is related 
to the economic means, through the perception 
of the mode of consumption, production, and 
population expansion, which, in the long term, 
would compromise the availability of resources, 
making them scarce. According to the author, 
since the beginning of the promotion of sustain-
able development, the concept has been open 
and varies according to the political and ecolog-
ical interests of those who study it.

As previously seen, the scarcity of natural 
resources was already realized centuries ago, 
and the reduction in the availability of these re-
sources is linked to the economy, as shown by 
Jevons (1866).

Environmental Kuznets Curve

In 1955, in his study Economic growth and 
income inequality, Simon Kuznets proposed that 
income inequality and technology deficiency con-
tributed to increasing environmental degradation. 
In line with Kuznets’s (1955) studies, Grossman 
and Krueger (1991) were the pioneers in proving 
the authenticity of the existence of the inverted 
“U”, which presents a positive correlation be-
tween economic growth and the environment. 

According to the authors, when a given society 
reaches high levels of income and technology, 
environmental degradation tends to reduce.

A historical redemption by Montibeller Filho 
(2007) reported that since the middle of the last 
century, economic growth was seen as a villain 
of nature because it was held responsible for 
the consumption of natural resources. O‘Connor 
(1998) pointed out that when there is growth 
in the economy, environmental degradation, pol-
lution, and depletion of natural resources are 
triggered; however, when the economy is shrink-
ing, the environment continues to be degraded. 
In this perspective, the lack of economic growth 
has been used as a justification for the little care 
about the environment in several countries be-
cause, in a scenario of economic downturn, the 
preservation of the environment represents addi-
tional costs (MONTIBELLER FILHO, 2007).

This lack of respect for the environment has 
produced studies that show elements that harm 
the quality of human life, the main ones being 
carbon dioxide (CO2), sulfur dioxide (so2), and 
nitrous oxide (NO), and this has caused an in-
crease in pressure on developing countries since 
the 1970s (CARVALHO; ALMEIDA, 2010). Non-
governmental organizations and environmental 
activists have intensified pressure worldwide for 
governments to adopt measures for sustainable 
exploitation of natural resources (CARVALHO 
et  al., 2015; LAGO, 2006; MONTIBELLER 
SON, 2007). Those international demands made 
that the debates on the future quality of life be 
wide-ranging. Given the premise that environmen-
tal degradation would harm future generations, 
the first United Nations Climate Conference in 
Stockholm was convened in 1972, initiating a 
process that seeks to develop the economy in an 
optimal way (LAKE, 2006).

In this scenario, there are countries seek-
ing development, and, on the other hand, they 
are suffering pressures for environmental pres-
ervation. The hypothesis of the Environmental 
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Kuznets Curve divides opinions. Some believe 
that we must not sacrifice economic growth for 
the environment to thrive and, in return, some 
others believe that consumption and economic 
growth are, until last resort, responsible for envi-
ronmental degradation (CARVALHO, 2013).

In fact, Grossman and Krueger’s (1991, 
1995) studies showed empirical evidence that 
the curve can also have an “N” shape. The au-
thors estimated EKC for sulfur dioxide, black 
smoke, and suspended particles. In the first two, 
they found an inverted “U” ratio based on a per 
capita income of US$ 5,000. About suspend-
ed particles, the per capita value is even lower, 
however, when per capita income is between 
US$ 10,000 and U$$ 15,000, the levels of pol-
lutants studied have increased again, indicating 
that the curve has an “N” format.

When studying the EKC, besides using vari-
ables such as sulfur dioxide, nitrogen oxides, and 
solid particulate matter (waste generated by the 
industry), Panayotou (1993) used the variable de-
forestation. The results obtained showed that the 
deforestation EKC turning point happens in the 
interval U$ 800 - U$ 1,200, against U$ 3,800 
- U$ 5,500 for the other variables. The author ar-
gued that this fact occurs because deforestation 
for agricultural expansion occurs at an early stage 
of development before heavy industrialization.

The format described by the EKC is attribut-
ed to several factors in the literature. The inverted 
“U” is explained by Selden and Song (1994), by: 
a) Income elasticity for environmental demand, 
indicating that the higher the income, the great-
er the attention to the quality of environmental 
life they want to enjoy, consuming healthier prod-
ucts; b) Scale effect, technology/technique and 
structure/composition (the scale effect or growth 
in production implies greater consumption of 
resources and energy, contributing positively to 
degradation; as for the technological aspect, in-
come improvement replaces old with innovated 
and improved production techniques to reduce 

pollutants; on the other hand, the structure or 
composition factor tends to improve gradually 
with the increase in income, opting for sustain-
able activities (GROSMANN; KRUEGER, 1991); 
c) International trade, that is one of the main fac-
tors that explain the EKC, however, environmental 
quality tends to fall with the increase in trade, 
mainly in exports; on the other hand, when econ-
omy grows, degradation also grows, however, 
those effects can be eliminated by using tech-
nique, or by the effect of composition (DINDA, 
2004); d) Market mechanisms, in which Shafik 
and Bandyopadhyay (1992) suggested that the 
existence of an endogenous self-regulatory market 
for natural resources marketed in the market could 
mitigate the effects of environmental degradation.

However, we must emphasize that the stud-
ies by Grosmann and Krueger (1991) revealed 
that the EKC, from a certain point on, can take the 
“N” format, which demonstrates that economic 
growth alone does not guarantee the reversal of 
the curve. Carvalho and Almeida (2010) stated 
that degradation increases and then decreases 
with economic growth. According to them, de-
veloping countries are incipient in sustainability, 
and it is necessary to adopt “green” policies to 
reverse the EKC path.

According to Ávila and Diniz (2015) and 
Diniz (2007), the reversal of the EKC trajecto-
ry will not happen if the scale effect prevails, 
since it overlaps the technical and composition 
aspects. The predominant scale effect in devel-
oping countries explains why the curve does not 
revert, since seeking economic growth is the 
main objective, a priori. In developed countries, 
the relationship is the opposite: technique and 
composition effects prevail.

As previously seen, there are adverse factors 
that interfere with the EKC convergence. In this 
sense, there are some criticisms about the model. 
Stern, Common, and Barbier (1996) pointed out 
three problems in the estimation of the EKC: a) 
Simultaneity: the EKC derives from an economic 



305

Economic growth and sustainability: An analysis of the Environmental Kuznets Curve on the Legal Amazon

model in which there is no feedback from the status 
of the environment for economic growth; according 
to the authors, pollution and deforestation are seen 
as harmful to the quality of life, but there is no pos-
sibility of production; in this sense, Porter and Van 
Der Linde (1995) proposed a reverse analysis of 
the EKC, in which the preservation of the environ-
ment causes economic and technical growth, so 
that the income factor is endogenous, and the envi-
ronmental quality is a source of economic growth. 
Statistically, the concurrency between production 
factor and environmental damage produces biased 
and inconsistent estimates; b) International trade: 
for Stern, Common, and Barbier (1996), countries 
such as the United States and Japan reduced envi-
ronmental damage by exporting industrialization to 
developing countries, which also biases estimates; 
c) Data problems: according to Stern, Common, 
and Barbier (1996), the studies by Grossman and 
Krueger (1991) and Shafik and Bandyopadhyay 
(1992) use urban-area pollution data and disre-
gard pollutants from natural ecosystems, which 
also impact human health. According to Shafik and 
Bandyopadhyay (1992), the data used in the EKC 
will possibly give rise to heteroscedasticity in esti-
mation, making the ordinary least squares method 
(OLS) inefficient, even though it is impartial.

With Panayotou’s (1993) critical eye regard-
ing the validity of the EKC, we must ask: i) What 
income level per capita is the turning point? 
ii) When did the environmental damage occur, 
and how could it have been avoided? (iii) Would 
any ecological limit be reached in such a way 
that it would be irreversible with the increase 
in income? (iv) Is the improvement of the qual-
ity of the environment automatic when income 
is increased, or does it need a “green” policy 
intervention? v) How can developing countries 
achieve the level of environmental quality en-
joyed by developed countries?

Khanna and Plassmann (2004) also ques-
tioned that income growth in developing countries 
could cause the worsening of global pollution. 
According to the authors, only emitters that at-
tract public interest due to pollution levels and 
impacts can obtain the EKC.

Related Studies

In this section, we discuss the previous stud-
ies that address the EKC. We collected authors, 
the dependent variable, methodology, the loca-
tion studied, and the periods. Finally, we verified 
whether the EKC was found, as shown in Table 1.

Table 1- Correlated studies on EKC

Authors
Dependent 

variable
Methodology Sample EKC

Santos et al. 
(2008)

Deforestation
Panel Data

(Fixed effect)
AMZ-L municipalities

(2000-2004)
Yes

Oliveira et al. 
(2011)

Deforestation
Panel Data 
with spatial 
dependence

AMZ-L municipalities
(2001-2006)

Inverted “U”

Gomes and Braga 
(2008)

Deforestation
Panel Data 

(Random effect)
AMZ-L states
(1990-2004)

Yes

Caldas et al. 
(2003)

Deforestation Cross-Section
Small properties along the 

Transamazon highway
(1996 and 2000)

Yes

Prates (2008) Deforestation
Panel Data (Fixed 

effect)
AMZ-L municipalities

(2000-2004)
Yes

Source: Elaborated by the authors (2020).
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Methodologic Procedure

For this work, the methodology adopted was 
the panel data model. This model has some ad-
vantages over cross-section or time series models, 
such as the ability to circumvent the data het-
erogeneity problem and consider the individual 
variables of each Brazilian state that make up the 
Legal Amazon (HSIAO, 1986). Besides these ad-
vantages, the model allows us a more significant 
number of observations, increasing the degree of 
freedom and decreasing the collinearity problem 
among the explanatory variables.

The general template for panel data is giv-
en by:

  (1)

Thus, the underwritten i indicates the dif-
ferent individuals, which are the states of the 
Legal Amazon, and t is the period studied. β0 

represents the intercept parameter, while βk cor-
responds to the angular coefficient of the k-th 
explanatory variable.

Therefore, the adapted model for this work 
will be as follows:

Yit = αit + β0 + β1PIBit − β2PIB2
it + β3PIB3

it + Xit + ϵit  (2)

At which: Yit represents the dependent variable, which is the 
deforestation area in the Legal Amazon; αit it is the coefficient 
of the fixed effect; β0, the intercept; βi, the parameters to be es-
timated; Xit, the explanatory variables; and ϵit is the error term.

The vector of explanatory variables (Xit) was 
composed by the GDP per capita squared and is 
included to capture the hypothesis of the EKC be-
cause, according to Kuznets theory, deforestation 
tends to grow at low-income levels. From the mo-
ment a society reaches a higher level of income, 
the situation reverses, and deforestation tends to 
decline, taking the form of an inverted “U”.

The GDP per capita cubed was also tested 
because, as shown by Grosmann and Krueger 
(1991), the curve can assume positive values 
for degradation again when the income reaches 
high levels, making the EKC take an “N” shape.

Besides the GDP explanatory variable, the 
literature still addresses several other variables 
to explain the EKC. For this study, the population 
density and cattle herd of the states belonging to 
the Legal Amazon will be used as control vari-
ables. Previous studies addressed these two 
variables as influencing deforestation, such as 
Marengo (2007), Margulis (2003), and Martha 
Junior, Contini, and Navarro (2011). Population 
density is used in several areas that study the 
EKC and is pointed out by the authors cited as 
important for the study its impacts on environ-
mental degradation. Therefore, it also applies to 
this research. The variable cattle herd is includ-
ed here because it represents the main activity 
in the states covered by the Legal Amazon and 
is considered one of the leading causes of defor-
estation (MARGULIS, 2003).

For the GDP variable, a positive signal is 
expected. For the quadratic form of GDP, a neg-
ative sign is expected. However, the cubed form 
can take a negative sign, as proposed by Kuznets 
(1955), or positive, as evidenced by Grossman 
and Krueger (1991). For the control variables, 
population density and cattle herd, the expected 
sign is positive.

The data used for empirical research were 
obtained from the Brazilian Institute of Geography 
and Statistics of Automatic Recovery (SIDRA). The 
inflationary correction of monetary variables was 
based on the General Price Index (GPI), provided 
by the Getúlio Vargas Foundation (FGV) portal.

Results and discussion

In this subsection, the results obtained from 
the econometric model are discussed, based on 
the data collected from the SIDRA. To choose 
the best model to be adopted in the estimation, 
which are fixed effect model, random effect, or 
pooled model, we applied the Hausman test 
(1978), whose null hypothesis (H0) states there 
is no statistical difference between the two 
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estimators. The test result allowed us to reject 
the null hypothesis at a significance level of 1 %. 
Thus, the proper model for the estimation was 
the one with a fixed effect.

Table 2 presents the estimation of the fixed, 
random, and pooled effect models to demonstrate 

the robustness of the estimated coefficients. We 
found that there were no significant variations 
and no exchange of signs among the models of 
random and fixed effect, unlike the pooled model. 
However, by the Hausman test (1978), the fixed 
effect was the model indicated for estimation.

Table 2 – Estimation of the model in panel data.

Variables Random effect Fixed effect Pooled effect

Log GDP
18.087**
(8.091)

19.649**
(7.810)

-22.377NS

(17.163)

Log GDP2 -1.866**
(0.838)

-2.031**
(0.808)

2.293NS

(1.177)

Log GDP3 0.060**
(0.082)

0.066**
(0.027)

-0.077NS

(0.060)

Log DDP
0.607**
(0.331)

1.074*
(0.402)

-0.485*
(0.147)

Log Bov
0.712***
(0.191)

0.585***
(0.323)

0.682***
(0.066)

Constant
-60.447**
(25.862)

-63.915**
(24.972)

68.356NS

(54.971)

Source: Elaborated by the authors (2020)

Note: NS = not significant; * significant at 1%; ** significant at 5%; *** significant at 10%. Value in brackets 
is the standard deviations.

According to the estimation of the fixed ef-
fect model, the coefficients of GDP, GDP2, and 
GDP3 showed statistical significance at 5 %, the 
population density was significant at 1 %, and 
the cattle herd at 10 %, which corroborates that 
these variables directly impact deforestation pro-
cess. The signs of the coefficients were already 
expected. For GDP, the positive sign indicates 
that deforestation has grown with an increase in 
income, but GDP2, with a negative sign, shows 
that deforestation tends to reduce by reaching a 
certain amount of income. For GDP3, the sign be-
comes positive again, indicating that high-income 
values would cause an increase in deforestation.

The fixed-effect model showed that for the 
squared and cubed GDP variable, a curve ob-
tained takes an “N” shape, which differentiates 
it from the form of the inverted “U”, as proposed 
by the Environmental Kuznets Curve (1955), 

i.e., when the income reaches a certain value, 
it causes deforestation to decrease (FIGURE 2). 
However, while income continues to increase, 
the curve reverses again, showing that deforesta-
tion is growing again. These results are similar 
to those Grossman and Krueger (1991) found.

Results obtained from the estimate by the 
fixed effect model showed that, initially, when 
per capita GDP increases by 1 %, deforestation 
increased by 19.64 %. However, the deforesta-
tion rising path in relation to per capita GDP 
is not continuous; it presents a reversal when 
per capita GDP is squared. Thus, the estimates 
showed that, for every 1 % increase in per capita 
GDP, there was a reduction of 2.03 % in defor-
estation. This implies that the EKC is valid and 
that it is possible to grow sustainably to a certain 
amount of income, since, when per capita GDP 
is raised to the cube, a reversal occurs again, but 
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this time, with less impact, with the 1 % increase 
in per capita GDP rising by 0.62 %.

Regarding the variables population density 
and cattle herd, there is a positive relationship 
with deforestation. The estimates pointed out 
that a 1 % increase in population density caused 
an increase of 1.07 % in deforestation. For the 
variable cattle herd, growth of 1 % resulted in 
a 0.58 % rise in deforestation. These results 
corroborate the statistical analyses presented 
previously. This positive relationship is clear-
ly noted, especially between the states of Mato 
Grosso and Pará, where the population is more 
dispersed, and the cattle market has expand-
ed rapidly.

In the first stage of the EKC, we expect that 
increasing population density, agricultural pro-
duction, and GDP cause higher degradation 
(scale effect). However, it is possible to mitigate 
the impacts of growth by using the technique 
and composition effects (CARVALHO; ALMEIDA, 
2008; GROSSMAN; KRUEGER, 1991). By 
reaching higher income, society would suppos-
edly be willing to pay for lower environmental 
cost products, suggesting that the production of 

“green” products needs composition and techno-
logical effect. Applying this theory to AMZ-L, the 
trend is that when per capita income increases, 
the production system is modernized, optimizing 
the use of soil. This tends to happen because 
there is social pressure for products of sustain-
able origin (composition effect) (STERN, 2004).

However, to ensure that the effects of in-
come do not follow in parallel with deforestation 
(scale effect), technological commitment is 
needed, especially in agriculture and livestock, 
which are prevailing activities in the AMZ-L re-
gion (composition effect), reducing the margins 
of deforestation as income increases, by optimiz-
ing production, according to Torras and Boyce’s 
theory (1998).

There is a theoretical issue as to the validi-
ty of the EKC, which is based on the possibility 
of exporting polluting industries to developing 
countries and importing semi-processed raw 
materials. For this reason, rich countries have 
obtained the EKC in the form of an inverted “U” 
(CARVALHO; ALMEIDA, 2008). If this assump-
tion is valid, in the case of AMZ-L, the curve may 
not be sustained, which explains the “N” shape 

Figure 2 – Environmental Kuznets Curve format found
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found. This result reflects Cole’s (2004) stud-
ies, stating that even if all developing countries 
reach a high level of technology, the dynamics in 
which wealth diminishes environmental degra-
dation tend to end.

The results found parallel De Bruyn, Van 
Den Bergh, and Opschoor’s (1998) statement 
that the EKC cannot be sustained in the long 
term, so the inverted “U” would be only in the 
initial phase between economic growth and sus-
tainability. In fact, in this study, the findings point 
out that, after high-income levels, the curve will 
invert again, assuming an “N” shape.

A possible explanation for the curve taking 
the “N” shape, as shown by the econometric 
model, is linked to the limits of technological re-
sources. As technological resources tend to run 
out to sustain growth, there is a need for greater 
exploitation of natural resources, i.e., the first 
phenomenon of the EKC is temporary, as ex-
plained by Biage and Almeida (2015). Regarding 
the second stage, the explanation is guided by 
Opschoor’s study (1990), in which we see that 
the increasing reversal of the curve can be the 
result of a deficit achieved in the process of 
technological improvements, or that the cost of 
deploying the technology to the means of produc-
tion becomes costly.

Previous EKC studies, such as Santos et al. 
(2008), already noted that technological im-
provements in the Legal Amazon, after a certain 
point, would cause environmental degradation. 
Thus, the agricultural and livestock production 
model and the effects of colonization may pres-
ent technological limits, which would contribute 
to the second inversion.

On the other hand, on the assumptions of the 
second EKC inversion, shown in the present study, 
the authors Roca and Serrano (2007) question the 
validity of the curve, saying that no country target-
ed in the EKC studies reached such high levels of 
per capita income that the curve inverts for the 

second time, showing that in practice it is not pos-
sible to know whether this would actually occur.

As this is an empirical study showing the 
possible relationship between growth and envi-
ronmental degradation, in which the curve takes 
the form of an “N”, deforestation tends to be 
lower at higher income levels, as shown by the 
results presented. Likewise, Beckerman (1992) 
stated that however much environmental degra-
dation grows with increased income in the first 
stage, the option that allows for lower environ-
mental impacts is to make the country rich.

Final considerations

The econometric model applied in this paper 
showed that, at first, EKC takes an inverted “U” 
shape, i.e., deforestation grows from the increase 
in income. However, by reaching a certain level 
of income, deforestation tends to decrease, ac-
cording to the EKC theory.

When the cubed form is applied to the mod-
el, the EKC presents a new inversion, suggesting 
that deforestation rates tend to escalate with an 
“N” form at higher income levels, proving that 
economic growth alone does not guarantee a 
reduction in deforestation levels, making exog-
enous actions necessary.

We must emphasize that public policies are 
needed to counteract the second reversal of the 
EKC. “Green laws” must be passed, and society 
must take other actions to mitigate the impacts 
caused by human activity. The efficiency of such 
actions could be seen in deforestation: when the 
government intervenes through environmental 
laws, it causes a gradual drop in deforesta-
tion levels.

This study also included two variables, pop-
ulation density, and cattle herd, both positively 
impacting deforestation in the Legal Amazon. 
The climate and topography favorable to the ex-
pansion of the cattle herd create cycles that feed 
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the local economy and, consequently, foster the 
evolution of the population and livestock farming, 
attracted by the intense trading activity. For fu-
ture work, we suggest exploring the influence of 
international trade and environmental legislation 
on deforestation in the Legal Amazon.
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