THE KUZNETS CURVE FOR MOTORCYCLES IN BRAZIL
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Abstract: This article evaluates the evolution of motorcycle adoption in Brazil. More
specifically, we aim to empirically understand the relationship between the number of two-
wheeled vehicles and the country's level of development, as well as some of the factors that
reinforce vehicle adoption in determined areas. The work uses data for 5565 Brazilian
municipalities from 2010 to 2016 and implements a fixed-effects panel model. The results
indicate an inverse relationship between income and number of motorcycles, corroborating the
hypothesis of a Kuznets curve for motorcycles and income level in Brazil. In addition to the
validation of the increase in the number of motorcycles observed in the country in recent years,
we also find evidence that the increase in the number of motorcycles in municipalities may be
related to the drop in formal employment, and larger municipalities have the relationship
between motorcycles per capita lower.
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Resumo: Este artigo avalia a evolucdo da adocdo de motocicletas no Brasil. Mais
especificamente, busca-se compreender empiricamente a relacdo entre o nimero de veiculos
sobre duas rodas e nivel de desenvolvimento do pais. O trabalho utiliza dados para 5565
municipios brasileiros no intervalo de 2010 a 2016, e implementa um modelo de painel com
efeitos fixos. Os resultados apontam para uma relacdo inversa entre renda e ndmero de
motocicletas, corroborando a hipdtese de uma curva de Kuznets para motocicletas e nivel de
renda no Brasil. Além da validacdo do aumento do nimero de motocicletas observado no pais
nos Gltimos anos, sdo encontradas evidéncias de que o0 aumento do numero de motocicletas nos
municipios pode estar relacionado com a queda dos empregos formais, além de que municipios
maiores apresentam a relacdo motocicletas per capita mais reduzida.

Palavras chaves: Motocicletas, curva de Kuznets, nivel de renda, Brasil

Area 13: Desigualdade, pobreza e politicas sociais


mailto:quinet.bastos@gmail.com
mailto:f140383@gmail.com
mailto:TIANAWEINMANN@gmail.com
mailto:carvalholuiza0@hotmail.com

1. INTRODUCTION

According to the World Business Council for Sustainable Development (2004),
motoring analyzes around the world usually focus on the automobile. However, studies that
address the two-wheel motorized vehicles should also be produced, especially in developing
countries where its growth have presented a significant evolution. In Brazil, the portrait
of mobility has been undergoing major changes in recent decades, mainly reflecting the intense
and accelerated process of urbanization and disorderly growth of cities, as well as the
increasingly intense use of individual motorized transport by the population.

In Brazil, until the late 1980s, motorcycles were almost exclusively adopted by high-
income individuals. However, since the 1990s, its use has grown significantly, driven by
the reduction of income inequalities and the increase of consumption among the poorest. More
recently, the government's policy against the economic crisis initiated in 2008 focused on
reducing taxes and facilitating access to bank credit, with the automobile and motorcycle
industries being among the sectors targeted by this police to encourage
consumption. (SEERIG et al., 2016).

The growth of the national motorcycle fleet made it possible to increase mobility and
access to private vehicles for low-income classes, although it has also produced negative
impacts, such as the social costs generated by accidents and pollution. In 2018, the motorcycle
fleet in Brazil was composed by 26.4 million units, an increase of 3.44% over the previous
year. The largest number of motorcycles is located in the Southeast region (37.71%), followed
by the Northeast (28.24%), South (14.5), Midwest (10.1%) and North (9.42%). Based on the
estimated population size in 2017 (IBGE), the municipalities with the largest motorcycle
ownership were Pereiro, Ceard, where 53.94% of the population ownsthe vehicle,
Tocantindpolis, Tocantins, and Agua Branca, Piaui, with, respectively, 53.07% and 49.34% of
its inhabitants owning motorcycles (DENATRAN, 2018).

Brazilian regions also showed asignificant change in their fleets, with
2,478 municipalities showing more motorcycles than cars (Figure 1). In 2018, the Northeast
presented 7.46 million motorcycles and 6.67 million cars. The North region of the country also
presented a higher number of motorcycles compared to cars, with 2.49 million motorcycles and
1.67 million cars (NATIONAL CONFEDERATION OF MUNICIPALITIES, 2018).

Motorcycles stand out as the most economical means of transport that can generate
jobs (SILVA et al, 2009). For Rodriguez et al (2015), a significant number of motorcycle users
adopt this vehicle as a tool to increase their income through the provision of courier or taxi
services!. For the author, it was also identified that users recognize that access to a motorcycle
increases the possibility of getting a job or having an increased income. Thus, the motorcycle
can be seen as an element of social inclusion for low-income individuals, as it enables its users
to travel relatively easily to places previously unreached, without the long distances and
inefficiency of public transport to long journeys preventing them (FIGUEIREDO; MAIA,
2013).

! In Brazil, low-cylinder range motorcycles compose a large portion of the production of this vehicle category, -
between 2003 and 2009, 80.2% of the production was of 150 cc motorcycles - characterizing the universalization
process of the motorcycle between low-income population and service to the transportation and delivery of goods
(VASCONCELLOS, 2013a).



Figure 1 - Municipalities where motorcycles surpass the number of automobiles unities
(2018)

Source: NATIONAL CONFEDERATION OF MUNICIPALITIES (2018)

Another factor that can be seen as determining for motorcycle adoption is the high
population density. Analyzing a set of 153 countries, Nishitateno & Burke (2014) verify that a
country's population density and income levels have a major effect on motorcycle adoption,
where countries with an average population density above the median have 3.5 times more
motorcycles per 1000 inhabitants than countries with population density below the median.

Although social perception varies between locations, the motorcycle can be seen as a
mean of transportation associated with a lower socioeconomic status. The association between
income and motorcycle ownership is different from the relationship between income and
automobile ownership. Generally, the level of income determines car ownership or its
dependency, while for motorcycles there is no increase in ownership across all income levels. In
the case of low-income individuals, ownership increases with income growth, while in the case
of middle income ownership stabilizes and begins to decline as income levels evolve. This
relationship is determined by two factors: the increase in the level of economic activity leads to
an increase in the per capita income and the need to travel; and the increase in income increases
accessibility to motorcycles, especially among the middle and lower-middle-income population
(RODRIGUEZ ET AL, 2015).

Worldwide, in low-income regions, the growth of the motorcycle fleet has outpaced
economic development. In these countries, while gross national income (GNI) per capita has
tripled, the motorcycle fleet has grown more than six times. A similar trend can also be seen in
lower-middle income countries - Indonesia, Moldova, Philippines and Ukraine - where the GNI
per capita has doubled while the size of the motorcycle fleet quadrupled (Figure 2). Nishitateno
& Burke (2014) verify a Kuznets curve explaining the relationship between motorcycle
ownership and income of countries. The authors describe the increase in dependence on the
vehicle and then, as economies develop, the fall in such dependence.



Figure 2 - Motorcycle fleet evolution - GNI per capita (1993-2014)
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Source: UNITED NATIONS ORGANIZATION (2016).

However, it’s important to note that this process that shifts the function of the
motorcycle in developed countries does not happen rapidly. Pongthanaisawan et al (2010) point
out that the relationship between motorcycle consumption and income level is composed by
two stages. At an early stage of development, the number of motorcycles exceeds the number
of other automobiles. At this stage, countries are considered low-income and the use of
motorcycles is more viable due to the low purchase price. When these countries reach a higher
income stage, the number of motorcycles tends to fall, while the fleet of other vehicles,
especially cars, increases. At a certain inflexion point, individuals may prefer to consume cars
over motorcycles, a change that occurs due to the increase in income.

In this context, inspired by the work of Nishitateno & Burke (2014), this paper aims to
investigate the existence of a motorcycle Kuznets curve in Brazil. For the analysis of the
relationship between income level and the rate of two-wheeled vehicle adoption we select data
for 5565 municipalities in the period 2010 to 2016, employing the panel data method to estimate
a fixed effect model.

The results indicate an inverse relationship betweenincome and number of
motorcycles, corroborating the hypothesis of a motorcycle Kuznets curve and income level in
Brazil. In addition to the validation of the increase in motorcycle numbers observed in
the country in recent years, there is also evidence that the increase inthe number of
motorcycles in the municipalities may be related to the decline of formal employment, and
big municipalities present a motorcycle per capita ratio lower.

The study proceeds as follows. Section 2 discusses the empirical model and
database. In section 3, the results of the empirical application of the model are displayed.
Finally, section 4 concludes the work.

2. DATABASE AND EMPIRICAL MODEL

The per capita number of two-wheeled vehicles(mot,,,) for each municipality is
calculated from information on the number of vehicles reported by the National Traffic
Department (Denatran) and the estimate of the total population produced by the Brazilian
Institute of Geography and Statistics (IBGE). For the income proxy, data from Gross Domestic
Product (GDP), also extracted from (IBGE), are used. Per capita GDP, pib,., is defined as the



municipal GDP deflated at 2010 prices by the National Broad Consumer Price Index (IPCA),
divided by the population estimate.

Figure 3 shows the dispersion between the logarithm of the number of two-wheeled
vehicles per capita versus GDP versus GDP per capita. It is observed a nonlinear relationship
between mot,,, and  pib,., namely,in the case of municipalities with low income, the
number of vehicles with two wheels per capita is low. On the other hand, when
considering the municipalities with middle income, the two-wheeled vehicles/ population
relationship increases, which indicates that the use of vehicles with two wheels responds
positively to variations in income. However, the positive elasticity that is verified does not
increase indefinitely as income increases, i.e. the relationship is concave, indicating a maximum
point. Thus, as a municipality reaches a certain level of income, the ratio of two-wheeled

vehicles / population begins to fall.
Figure 3 - Dispersion logarithm of per capita vehicles with two wheels versus
GDP per capita
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Source: Elaborated by the authors based on IBGE and Denatran data

This concave relationship between logarithm of the number of per capita two-wheeled vehicles

versus GDP per capita serves as an initial indication of the presence of a Kuznets curve between
the use of vehicles with two wheels and income. According to Arraes et al (2006), one way to
verify if two variables are related following the shape of a Kuznets curve is by estimating an
econometric model, in which the explanatory variable of interest and its square are added. When
the coefficient of the variable of interest is positive and the coefficient of its square term is
negative, the hypothesis of Kuznets curve in concave shape is then validated — i.e. inverse-U
shape.

Therefore, based on the Kuznets curve hypothesis between the number of motorcycles
and GDP per capita, the panel data model to be estimated (1) is as follows:

Inmot_pop;; = a + Inpibpcyfy + InpibpciB, + Inz;.f, + & 1)



where, Inmot_pop;; is the natural logarithm of the number of two-wheeled vehicle per capita
in the municipality i in period t, Inpibpc;, is the natural logarithm of per capita GDP; Inpibpc?
is the square of the natural logarithm GDP per capita; Inz;; is the natural logarithm of control
variables; and ¢; the random error term. The control variables used are: i) Index of human
development, employment and income (lnifirjan;;), calculated by the Federation of Industries
of the State of Rio de Janeiro (FIRJAN); (ii) demographic density (Inden;;), calculated based
on the territorial area of the municipalities and the population size; iii) year dummies ( Dy11,

D2012’ DZOlSI D2014’ D2015! D2016)

3. APPLICATION

To estimate the results, the panel data method is adopted. According to Almeida (2012),
working with panel data, in general, has a number of advantages. First, there is the gain over
the asymptotic properties of the estimators. Secondly, the method enables lower data
collinearity, that is, the high level of information - information from several individuals - for
explanatory variables reduces the probability of finding identical information for two or more
regression variables. Additionally, the method allows the use of models that highlight
individual, constant or random heterogeneity over time. In this way, the model admits the
existence of differentiating characteristics of individuals that do not necessarily need to be
among the vector of explanatory variables?,

The procedure for estimating panel data models involves identifying and characterizing
observed effects, which means comparing estimations by Pooled Ordinary Least
Squares (POLS), Random Effects Panel (RE), Fixed Effects (FE), using Breuch-Pagan® and
Hausman tests®.

As can be seenin Table 1, the p-value of the Breusch-Pagan test recommends not
accepting the null hypothesis at 99% confidence, indicating that the control of unobserved
effects is the best fit. Given the evidence of unobserved effects, the next step is to identify their
characteristic - fixed or random. For this, the Hausman test is applied, in which the p-value of
0.000 suggests that, at 99% confidence, the best method of estimation of the empirical model -
equation 1 - is based on fixed effects (FE).

Table 1 - Specification Tests

Breusch-Pagan (Unobserved Effects) 93668.51
(0.000)

Hausman (Fixed Effects x Random Effects) 592.14
(0.000)

Source: Elaborated by the authors based on the estimations.
T p-value in parentheses with *** p <0.01, ** p <0.05, * p <0.1.

The third column of Table 2 displays the results of the estimations, which
is considered cross-section fixed effects and time and robust errors. The variables that measure
the effect of income (Inpibpc and Inpibpc?) on the number of motorcycles per capita
( Inmot_pop) have significant coefficients and 99% confidence. Additionally, the signs of the

2 For details on panel data model estimation procedures, see Wooldridge (2012).

3 To identify unobserved effects, the Bresuch-Pagan test is applied - which compares POLS estimates with the
random effects model (RE). The Breusch-Pagan test has the null hypothesis that unobserved effects are not
significant.

4 Hausman's test allows us to identify the best fit of data between random effects or fixed effects panel methods.
Ho: Random effects (RE) are more efficient. Hi. Fixed effects (FE) are consistent.



coefficients follow the same pattern found in Nishitateno & Burke (2014), indicating that the
hypothesis of the Kuznets curve for the adoption of motorcycles in Brazilian municipalities is
consistent, since the positive Inpibpc and the negative Inpibpc? indicate that the relationship
between the income variable and the dependent variable has an inverse U shape - Figure 3. In
other words, as incomes rise among municipalities, a larger number of motorcycles per capita
can be observed, however, this relationship reaches a maximum point, suggesting that from this
point on, higher income levels imply fewer motorcycles per capita.

For municipalities with higher levels of employment - [nifdmemprenda - lower
number of motorcycles per capita is observed, indicating that the increase in the number of
motorcycles may be related to the drop in formal employment. The negative coefficient for
demographic density suggests that big cities have the lowest motorcycle per capita ratio. This
is evidence, as already presented in Santana (2017), of a characteristic noted in Brazil, where it
is verified that the proportion of motorcycles increases as the number of inhabitants decreases.

The coefficients of the year dummies indicate that the number of motorcycles per
capita has increased in Brazilian municipalities. This pattern can be explained by the decline in
per capita income occurred from the year 2012 in Brazil (World Bank, 2019)°. In addition, the
great demand for services through applications - mostly autonomous services such as drivers,
deliver;gmen, among others - may also reflected in a higher rate of motorcycle adoption in the
country®.

Table 2: Panel estimation

POLS RE FE
Inpibpc 3.460*** 2.300*** 1.775%**
(0.000) (0.000) (0.000)
Inpibpc? -0.173*** -0.114%*** -0.089***
(0.000) (0.000) (0.000)
Inifirjan 0.240*** 0.006 -0.010
(0.000) (0.346) (0.189)
Inden 0.029*** 0.033*** -0.710%**
(0.000) (0.000) (0.000)
D2o11 0.115*** 0.116*** 0.125***
(0.000) (0.000) (0.000)
D2o12 0.207*** 0.215*** 0.230***
(0.000) (0.000) (0.000)
D2o13 0.253*** 0.261*** 0.304***
(0.000) (0.000) (0.000)
D2o14 0.328*** 0.325*** 0.373***
(0.000) (0.000) (0.000)
D2o15 0.437*** 0.391*** 0.437***
(0.000) (0.000) (0.000)
D2o16 0.457*** 0.427*** 0.479***
(0.000) (0.000) (0.000)
Constant -19.666*** -14.246*** -0.11***
(0.000) (0.000) (0.000)
Observations 38559 38559 38559
R? 0.171 0.160 0.003

5> According to the World Bank data (2019), Brazil, which in 2011 had a per capita income of about $ 13,000,
suffered continuous reduction in the indicator level, coming in 2015 with an income of less $ 9,000 per capita.
¢ According to Mandel & Long (2017), App Economy had generated 312,000 jobs in Brazil - January 2017 data.



Source: Elaborated by the authors based on data from IBGE and Denatran.
Notes: Dependent variable: log number of motorcycles per capita. Error standard robust in
parenthesis. *** p <0.01, ** p <0.05, * p <0.1

Additionally, although the Breush-Pagan and Hausman tests indicate a better adequacy
of the fixed effects model, the evidence presented by the estimates via POLS and random
effects still suggests that the Kuznets curve hypothesis for motorcycle adoption in Brazilian
municipalities is credible. This reinforces the results obtained through fixed effects, indicating
that, the increase in income in the municipalities determines the increase in the rate
of motorcycle adoption - at decreasing rates.

4 FINAL CONSIDERATIONS

The present work brings empirical evidence of the Kuznets curve for motorcycles in
Brazil. Through the analysis of 5565 municipalities in the country, it is possible to identify the
inverted U shape between the adoption of motorcycles and income level. That is, the adoption
rate of the vehicle on two wheels increases after a certain minimum level of income, evolves,
and then reduces when the population reaches higher levels of income. In addition to the
validation of the Kuznets curve for the Brazilian case, it is verified that this effect can be
reinforced in municipalities where the human development, employment and income index is
lower, as well as in municipalities with reduced population density.

Evidence shows the continuous increase in motorcycles ownership in Brazil. Having in
mind the low level of income of the Brazilian population in general, it is expected that the
country will still remain below the Kuznets curve turning point for a long period,
experiencing the evolution of the motorcycle fleet. In this context, public policies aimed at
promoting income and reducing Brazilian regional economic inequalities are recommended in
order to allow greater access to comfort and safety promoted by four-wheel vehicles. In
addition, for greater access to vehicles with two wheels to have positive impacts on social well-
being, greater investments in infrastructure are necessary in order to promote safety and urban
mobility with higher quality.
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