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ABSTRACT
The aim of this study was to determine whether there is a statistical relationship
between land degradation, poverty, and the PRODUZIR program in the municipalities
of Goiás state, Brazil. Based on the understanding of this relationship, knowledge of
the factors that may cause and feedback into the cycle of poverty can be gained.
Thus, interventions can be proposed to minimize the negative impacts on the
environment. The estimated results of the logit model show that the municipalities
with a high Gini index have on average a higher probability of having incidence of
land degradation compared to other municipalities in the state, i.e., in Goiás state,
income inequality suggests greater land degradation. However, municipalities in
Goiás that use tax incentives through the PRODUZIR program have on average a
lower probability of experiencing land degradation compared to other municipalities
that do not use this program.
KEYWORDS: degradation; logit; tax incentives.
JEL Classification: O1, Q56, Q58

POBREZA, DEGRADAÇÃO AMBIENTAL E PROGRAMA DE INCENTIVOS
FISCAIS NO ESTADO DE GOIAS, BRASIL

RESUMO
O objetivo do estudo foi verificar se há relação estatística entre a degradação da
terra, a pobreza e o Programa PRODUZIR nos municípios goianos. A partir do
entendimento dessa relação pode-se ter conhecimento dos fatores que podem
causar e retroalimentar o ciclo da pobreza. Desta forma, podem-se propor
intervenções que possam contribuir para minimizar os impactos negativos sobre o
meio ambiente. Os resultados estimados do modelo Logit mostram que os
municípios com alto índice de Gini possuem, em média, uma probabilidade maior de
estarem sob a situação de incidência de degradação da terra quando comparado
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aos demais municípios do estado. Ou seja, em Goiás, desigualdade de renda sugere
maior degradação da terra. Todavia, os municípios goianos que utilizam os
incentivos fiscais por meio do Programa PRODUZIR do governo possuem, em
média, uma probabilidade menor de apresentarem degradação da terra quando
comparados aos demais municípios que não usam o programa.
PALAVRAS -CHAVE: degradação, incentivos fiscais, logit.

INTRODUCTION
It is known that, in the literature, it is difficult to develop indicators to assess

the degree of poverty and to plan effective public policies to reach the poor, because
the concept of poverty is broad. In this context, the present study on land degradation
and poverty is justified because lack of knowledge of the factors that can cause and
feedback into the cycle of poverty in the municipalities in Goiás state, Brazil.

In this manner, interventions can be proposed that can contribute to
minimizing the impact of land degradation. In this context, the general objective of the
study was to determine whether there is a relationship between land degradation,
poverty, and the PRODUZIR [PRODUCING] program1 in the municipalities of the
state of Goiás. Specifically, we sought to determine which economic factors were
decisive in explaining the incidence of land degradation in the 246 municipalities
according to the Agricultural Census, the Poverty and Inequality Map of Brazilian
Municipalities, the Program PRODUZIR. The data is cross-section and econometric
model is logit model.

The contribution of the present study was the inclusion of a proxy variable that
sought to capture the effects of the PRODUZIR program tax incentives in Goiás and
their consequences for the presence of degraded land. Theoretically, investments in
the most dynamic sectors of the economy imply lower pressure on environmental
resources, especially in municipalities with low income and a high incidence of
poverty.

In addition to this brief introduction, the article is divided into four sections: in
section 2, a literature review on the topic is performed; in section 3, the logit
econometric model is presented to discuss which socioeconomic variables determine
land degradation; in section 4, the results of the estimates of the econometric model
are presented and discussed; and finally, in section 5, the conclusions are presented.

LITERATURE REVIEW
The hypothesis of the vicious cycle of poverty has been explored by various

researchers studying problems related to development and underdevelopment. This
cycle is presented as a circular and cumulative process that exerts continuous
pressure up and down, in a process in which a negative factor is both the cause and
effect of other negative factors (Myrdal, 1972). The concept of the vicious cycle
involves a circular constellation of forces that tend to act and react independently,
which in turn puts a poor country, community, or region in a state of poverty.

According to Nurkse (1952) cited by Myrdal (1972), the cycle translates as
follows: “a poor man may not have enough to eat; being underfed, his health may be

1 A tax incentive program of the government of the state of Goiás that encourages the implementation,
expansion, or revitalization of industries, encouraging investments, technological innovation, and
increased state competitiveness with an emphasis on employment, income generation, and the
reduction of social and regional inequalities.
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weak; being physically weak, his working capacity is low, which means that he is
poor, which in turn means that he will not have enough to eat; and so on”.
Rural poverty and its consequences on natural resources and the environment are
even more perverse effects. Several studies, such as those by Rodríguez-Meza et al.
(2002), Echeverría (1998, 2000), Reardon and Vosti (1995), Waquil and Mattos
(2002, 2003), and Finco (2003), have provided evidence of this relationship and
pointed to the use of public policies as an alternative for disrupting the circular and
cumulative equilibrium.

According to Waquil et al. (2004), the “vicious cycle” of rural poverty and the
environment can be viewed as follows: the degradation of natural and environmental
resources, in turn, reduces productivity, resulting in the impoverishment of farmers.
Therefore, this circle suggests that poverty reduction will necessarily reduce
environmental degradation and, similarly, environmental conservation and
preservation will necessarily reduce poverty.

Accordingly, the hypothesis that will be tested in this study follows the
mainstream view of sustainable development, in which poverty is the leading cause
of environmental degradation in small rural communities and in poor regions where,
as a trap and a vicious cycle, they must be fought with public policies.

The empirical relationships between municipal indicators of poverty and
environmental degradation are in line with the economic literature. Grossman and
Krueger (1991, 1995) showed that there is a relationship between income and
environmental degradation, and the relationship became known as the environmental
Kuznets curve (EKC). The EKC concept was based on the study by Kuznets (1955),
in which an inverted (U-shaped) relationship between income and economic
inequalities was for the first time proposed.

The performance of the study is justified by the understanding that the vicious
cycle of poverty and environmental degradation can be supported or refuted in the
municipalities of the state of Goiás using a logit econometric model. The variable
used in the model was land degradation according to the Agricultural Census of
2006, which is the area of agricultural establishments in which there is degraded
land, i.e., land that was eroded, desertified, salinized, etc.

Land degradation leads to low agricultural productivity and therefore low
productivity in food production and negative financial and economic performance.
Consequently, when considering financial and economic performance as negative in
time t, the only solution is to use practices that are polluting and aggressive to the
local environment in time t+1, considering that there are no available resources for
appropriate soil management, thus increasing the circular and cumulative process of
rural poverty and environmental degradation.

In this context, only investments in more dynamic sectors of the economy,
such as industry and trade, can reduce the negative impact on the local environment.
This hypothesis was tested using a logit econometric model by inserting a proxy
variable that sought to capture the effects of the PRODUZIR program on the
incidence of land degradation in the municipalities of Goiás.

ECONOMETRIC MODEL
In discrete choice models, the coefficients estimated by the logit model do not

directly measure the influence of independent variables on the dependent variable.
What matters are the marginal effects that should be calculated based on the
estimated coefficients. Thus, the marginal effect shows the absolute variation in the
dependent variable given by a unitary variation in the independent variable.
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The desired characteristics of the variable receive values equal to 1 (y = 1)
and otherwise receive values equal to 0 (y = 0). In this study, the value equal to 1
was used as a dichotomous dependent variable for a municipality’s having
established degraded land and 0 for a municipality that did not have degraded or
desertified land according to the Agricultural Census of 2006.

(1)
(2)

The vector X represents the set of explanatory variables collected by the
Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e
Estatística – IBGE) and the Secretariat of Industry and Trade of the State of Goiás,
such as the Gini index, poverty incidence rate, GDP per capita, effect of the State
Government’s PRODUZIR program, and demographic density. These variables were
explanatory, i.e., they determine the incidence of land degradation in the
municipalities of Goiás in the model.

According to Greene (2008), the set of estimated  reflects the positive or
negative impact on the change of x over the probability, i.e., only the direction of the
impact. However, these estimated coefficients do not represent marginal effects.
Considering the linear regression model , the expected value of

, the regression model can be constructed in matrix form:

(3)

For a given regressor vector, it is expected that:

(4)

(5)

According to Greene (2003), using logistic distribution, the logit model can be
constructed as

(6)

where the term represents the notation for the cumulative logistic distribution
function. To calculate the marginal effect in general form, discrete choice models
require defining probability function. In the general case, the marginal effect is given
by

(7)

Considering that the function f(.) has a logistic distribution, the marginal effects
of the logit model are

(8)
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The probability of occurrence is given by , and the probability of

non-occurrence by , still in accordance with the equations of Xi, the

explanatory variables of the logit model; and are coefficients estimated for the
explanatory variables.

Thus, the marginal effect of each explanatory variable on the probability is not
constant, given that, in most empirical studies, the mean value assumed by each
explanatory variable is used by convention. Thus, the marginal effect of the
occurrence of the event is given by

(9)

The marginal effect of the continuous variables used in the empirical model
may be calculated from the statistically significant estimates. As discussed above, in
the analytical method, the coefficients estimated by the logit model do not directly
measure the influence of the independent variables on the dependent variable, which
means that it is necessary to calculate their marginal effects for this purpose. Thus,
the marginal effect shows the absolute variation in the dependent variable given by a
unitary variation in the independent variable.

Equation (3) can be rewritten for a multivariate concept, still assuming the
logistic distribution function, where:

=  + β2X2i + β3X3i +…+ βkXki (10)

and the probability of occurrence is given by =  = .
In this equation, varies from -∞ to +∞, and varies between 0 and 1, thus

showing the dichotomous character of the model that was observed above. In
addition, is non-linearly related to  (i.e., Xi). However, regarding this latter
situation, in addition to not being linear in X,  is not linear in β. This situation implies
that the ordinary least squares (OLS) method cannot be used to estimate the
parameters, although it is possible to linearize the equation.

For this purpose, the odds ratio of a given situation occurring or not will be
used; thus, we have:

ln ( ) = =  + β2X2i + β3X3i +…+ βkXki (11)

In equation 11, Li is the logarithm of the odds ratio, being linear in X, as in the
parameters. Gujarati (2011) notes some features of the logit model:
1) When P goes from 0 to 1 (when Z varies from -∞ to +∞), logit L goes from -∞ to

+∞. However, when probabilities remain between 0 and 1, logits are not restricted.
2) Although L is linear in X, the probabilities themselves are not.
3) As many regressors may be added to this model as allowed by the theory.
4) If L is positive, the implication is that, when the value(s) of the regressor(s)

increase(s), the odds of the regressand being equal to 1 also increase. If L is
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negative, the opposite occurs, i.e., the odds of the regressor being equal to 1
decrease as the value of X increases.

5) The interpretation of the model based on equation (10) is β2, the slope, measures
the variation in L for a unit variation in X. The intercept β1 is equal to the value of
the logarithm of the odds in favor of a situation, when X is equal to 0 and may not
have any physical meaning.

6) The logit model assumes that the logarithm of the odds ratio is linearly related to
Xi.

In this context, the OLS estimation using the following equation (11) is not
feasible. However, the estimation may be performed using the maximum likelihood
(ML) method to estimate the parameters with the aid of software. In the present
study, the R software was used.

The marginal effects (ME) of the significant variables can be calculated in the
midpoint of the data for each estimated coefficient:

(12)

According to Gujarati (2011), some general observations about the logit model
can be made:
1) The maximum likelihood method, in general, is a method of large samples and will

have the estimated asymptotic standard errors.
2) Z statistics (normal) will be used to evaluate the statistical significance of a

coefficient.
3) The conventional measure of goodness of fit, , is not significant in binary

regressand models. In this case, the pseudo  or McFadden R-squared is used.

Finally, in the study’s aim was to analyze the sensitivity of the estimated value
logit model for the probability of the impact of tax incentives on land degradation. In
the paper we used bootstrapping simulation for the marginal effect of the tax
incentives parameter. Bootstrapping is a type of resampling where large numbers of
smaller samples of the same size are repeatedly drawn, with replacement by an
original sample. Therefore, the simulation generates a sample of random numbers
for the marginal effect.

DATA SOURCE
Data were collected according to their availability to the 246 municipalities in

Goiás. Regarding the tabulation of the cross-sectional data, some criteria were used,
namely: a) some municipalities were excluded from analysis due to the lack of
relevant information, including Campo Limpo de Goiás, Gameleira de Goiás, Lagoa
Santa and Ipiranga de Goiás; b) because the dependent variable Y used in the logit
model is dichotomous, a value equal to 1 was assumed for municipalities with
degraded land and 0 for municipalities with no degraded or desertified land according
to the Agricultural Census of 2006. Thus, the cities with degradation of land assumed
of 1 0 otherwise. c) the variables that explain the presence of degradation were X1 =
the Gini index, ranging from 0 to 1, where the closer to 1 the index is, the more
unequal the municipality. The Gini index measures the extent to which the
distribution of income among households within an economy deviates from a
perfectly equal distribution. Thus, a Gini index of 0 represents perfect equality, while
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an index of 1 implies perfect inequality. The Index were collected at the IBGE through
the Poverty and Inequality Map, Brazilian Municipalities, 2003. The variable GDP and
demographic density were collected at the IBGE through the Cidades @ to 2010
year. Finally, incidence of poverty in the population were collected the Poverty and
Inequality Map. Therefore, X2 = the logarithm of GDP per capita in R$ of 2010; X3 =
the incidence of poverty in the population; and X4 = whether there is a specific law
that encourages the use of the PRODUZIR program. The variable is dummy to the
PRODUZIR program.

Therefore, with respect to the variable X4, if the municipality had a specific
municipal tax incentive law, it received a value equal to 1, otherwise equal to 0. The
information was collected from the Secretariat of Industry and Trade of the State of
Goiás. The variable is a dummy that was constructed by the authors in the research.
The Cities that have the PRODUZIR program received 1 and 0 otherwise. This
variable sought to capture the effects of tax incentives on the occurrence of
environmental degradation, where a negative marginal effect is expected, indicating
that the municipalities that legally encourage the PRODUZIR program tend to reduce
the incidence of environmental degradation. In this context, the effect would be
residual, given that new investments in other dynamic sectors in the municipalities
would reduce the pressure on agricultural land to generate wealth. X5 = demographic
density (inhabitants/km²), which provides evidence for the availability of land for
exploitation, indicating that regions with higher coefficients would tend to put
pressure on the land until its exhaustion.

RESULTS AND DISCUSSION
To test whether there is statistical relationship between desertification and the

other explanatory variables, such as per capita income, the Gini index, the poverty
index, demographic density, and the proxy for tax incentives, the logit model was
estimated. The model results are presented in Table 1 shows that the tax incentives
had a negative sign and statistical significance, supporting the hypothesis that, in
municipalities with specific tax incentives laws, the pressure on the desertification
area of Goiás is reduced.

TABLE 1. Estimated results of the logit model.

Variable Coefficient Standard deviation Z statistic P-value
C -3.865451 3.059343 -1.26349 0.2064ns

X1 16.45779 7.649504 2.151484 0.0314*
X2 -0.586295 0.64702 -0.90615 0.3649ns

X3 -0.033854 0.014846 -2.28041 0.0226*
X4 -0.568764 0.333372 -1.70609 0.088**
X5 0.00324 0.003035 1.067623 0.2857ns

Source: study data. Note: Study results: * significant at 5%, ** significant at 10%, and
ns is statistically non-significant. McFadden R-squared = 0.036076. The variable C is
a constant of model.

The variables in Table 1 are coded as follows:
a) Y = a dichotomous variable that provides evidence for the presence of degraded

lands (eroded, desertified, salinized, etc.), where Y = 1 if there is an area with
degradation and Y = 0 otherwise;
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b) X1 = the Gini Index;
c) X2 = the logarithm of the GDP per capita in R$ at 2010 prices;
d) X3 = the poverty incidence index;
e) X4 = a proxy for tax incentives (specific law for the PRODUZIR program); and
f) X5 = population density (inhabitants/km2).

Furthermore, according to Table 1, the estimated parameter for the Gini
coefficient was high and positive, in addition to being statistically significant. This
result reinforces the positive relationship between the two variables, i.e., an increase
in inequality increases the incidence of arable land degradation. Thus, the result
confirms the proposed EKC curve, where the negative effects on the environment are
greater in poor regions. That is, in Goiás, the municipalities with the highest Gini
indexes were those that had the highest incidences of land degradation.

The income variable had a sign consistent with the theory, given that
municipalities with higher income values had a lower incidence of degradation.
However, this result cannot be interpreted because the estimated parameter is not
statistically significant. Thus, it was not confirmed that income is a determinant factor
in reducing the incidence of degradation. This result was due to the heterogeneity of
the sample composed of the municipalities of the state of Goiás.

The estimated coefficient for tax incentives was statistically significant and had
a sign consistent with the hypothesis that investments in more dynamic sectors such
as industry and services tend to reduce pressure on the environment. Therefore,
municipalities that have specific legislation in line with the PRODUZIR program tend
to reduce pressure on the incidence of land degradation. This result indicates that
public policies can be used to boost the economy, which mainly leads to lower
pressure on the environment. Finally, the demographic density variable was
statistically non-significant; thus, inferences cannot be made on the model.

Finally, regarding the magnitude of the coefficients, as shown in the methods,
because the regression is non-linear, the coefficients shown in Table 1 do not
represent marginal effects. The marginal effect of each independent variable for the
logistic distribution may be obtained using equations (12) (given the estimated
results, the marginal effect was calculated only for variable X1) (Equation 12).
From equations (12), in the midpoint of the variable X1, the marginal effect found was
+16.2, indicating that municipalities with a higher Gini index have, on average, a
16.2% higher probability of having incidence of land degradation compared to other
state municipalities. Therefore, inequality and poverty increase the impact on the
environment, according to the indications of the EKC curve.

For the variable measuring tax incentives (X4), based on equation (12) in the
midpoint of the variable, the marginal effect was found to be -0.07, indicating that
municipalities that use the PRODUZIR program tax incentives have, on average, a
7% lower probability of having incidence of land degradation compared to other
municipalities that do not use the program.

Nevertheless, the next step in the study was to analyze the sensitivity of the
estimated value for the probability of the impact of tax incentives on land
degradation. Doing so was accomplished by bootstrapping simulation in R software.
This analysis shows the exact value of the probability of the occurrence of the
parameter estimated in the logit model for the simulated random sample of 1,000
random numbers with a variation of 30%. The results are shown in Figure 1.
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FIGURE 1. Bootstrapping simulation for the marginal
effect of the tax incentives (IF) parameter.
Source: Research results.

According to Figure 1, 95% of the results are around the value of 7% for the
marginal effect, which shows that the effects of the random sample tend to approach
the value estimated in the logit model. Therefore, the value of the marginal effect of
7% is consistent with the simulation and can be used for decision making in shaping
public policies on tax incentives.

CONCLUSION
Given the estimated model, it is concluded that municipalities with a higher

Gini index have, on average, a higher probability of experiencing incidence of land
degradation compared to other municipalities in the state.
In addition, the municipalities of Goiás that use tax incentives through the
PRODUZIR government program have, on average, a lower probability of having
land degradation compared to other municipalities that do not use the PRODUZIR
program.

Finally, these results show that the poorest municipalities in the state are
under a strong situation of incidence of land degradation and that the tax incentives
law tends to reduce the probability of this situation compared to municipalities that do
not have a specific municipal law regulating the PRODUZIR program.
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