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Abstract

In the last decades, urbanization has increased and it has shown to be an irreversible process. The
negative impacts of urban growth make to sustainable actions necessary. One of the cities that have
national relevance in its economic, social and demographic aspects is Campinas , in the state of Sao
Paulo, Brazil. The objective of this study was to evaluate the performance of urban mobility and
offer sustainable alternatives for the improvement of urban mobility in this city. A quali-quantitative
survey was carried out with 234 citizens in Campinas, in three public squares and one municipal
park. The results showed that the majority of the interviewed citizens were female, aged between 21
and 30 years old, undergraduate and employed with an income of 1 to 2 minimum wages. Their
monthly expense on urban mobility represents, on average, 5% to 10% of the family income. The
car was the main means of transportation. The main difficulty in transportation reported was traffic.
Most of the interviewed individuals spend 10 to 20 minutes to commute to work or university.
Among the main suggestions pointed out by the interviewees for the improvement of urban mobility
are newer and more modern buses. Train or subway can be options to diminish the traffic and air
pollution and were also suggested by the interviewees. Constant evaluation and monitoring of urban
mobility are necessary to understand the real needs of the population and carry out the necessary
actions.
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1. Introduction

Cities create wealth, generate employment and urge human progress by
harnessing the forces of agglomeration and industrialization (United Nations Human
Settlements Programme, 2016). They are responsible for more than 70% of the global
energy-related carbon dioxide emissions (World Resources Institute, 2014). In the last
decades, there has been a significant increase in the urban population. In 1990, 43% (2.3
billion) of the world population lived in urban areas; by 2015, this figure increased to 54
% (4 billion) (United Nations Human Settlements Programme, 2016).

Mobility is almost universally acknowledged to be one of the most important
prerequisites to achieve improved standards of living (World Business Council on
Sustainable Development’s, 2004).

Transportation is responsible for 23% of the global energy related to greenhouse
gas emissions (International Energy Agency, 2015). Urban air pollution increases the cost
of living and it can result in serious health problems such as respiratory diseases. Public
transport is essential to reduce road congestion. It also creates value for individuals,
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businesses and public authorities by increasing the competitiveness of cities through
economic strength, as well as allowing higher job density and productivity (United
Nations, 2016).

It is clear that urban development and transportation are highly interdependent
(CAETS, 2012). Mobility, especially in the form of motorized transport, requites an
increasing share of land in cities and rural areas. An increase in the road area may reduce
the quality of the urban environment, prevent people from walking and cycling, and
cause changes in the households, forcing them to move (Petersen, 2004). The dense
urban cores in many European, Japanese and Chinese cities, for example, enable
residents to make from one third to two thirds of all their trips by walking and cycling
(Rodrigue, 2017).

Some studies showed that there is a positive correlation between income and
commuting time (Sermons and Koppelman, 2001; Manaugh et al., 2010). In Beijing,
China, Zhao et al. (2011) found that commuting time of the low-income group is
significantly longer than that of the high-income group.

The Goal 11 of the Sustainable Development Agenda of United Nations seeks
to “make cities and human settlements inclusive, safe, resilient and sustainable”.
According to the European Comission (2013), the Sustainable Urban Mobility Plan has
as its main goal the improvement of accessibility in urban areas and the provision of
high-quality and sustainable mobility and transportation through and within the urban
area. Thus, urban planning and design should focus on how to bring people and places
together, by creating cities that focus on accessibility, rather than simply increasing the
length of urban transport infrastructure or increasing the mobility of people. In Brazil,
over 85% of the population live in urban areas, which is set to rise to 90% by 2050,
rendering cities a key opportunity for the reduction of greenhouse gases (World
Resources Institute Brasil, 2017). The implementation and management of afforestation
in cities constitute a public service, as a strategy of mitigation of adverse environmental
impacts, due to the conditions of artificiality of the urban environment, as well as the
ecology, history, culture, society, aesthetics and landscape, which influence people’s
feeling of comfort (Cemig, 2011).

One of the cities that have national relevance in its economic, social and
demographic aspects is Campinas. It is considered the second most important city in the
state of Sao Paulo, being one of the most important in Brazil. The city was founded in
July of 1774. It has an international airport, several universities and research centers,
privileged logistics localization, many high-technology companies, and leisure and
tourism options. It has a population of 1,182,429 inhabitants, with demographic density
of 1359.6 people/km? (IBGE, 2017), while its metropolitan region has 3,043,217
inhabitants or 1.5% of the Brazilian population. This region is constituted of 20
municipalities, being the tenth largest urban region in Brazil. The average monthly salary
of formal jobs in this city is 4 minimum wages (data 2015), with Municipal Human
Development Index (MHDI) of 0.805 (data 2010) (Atlas Brasil, 2013), while Human
Development Index average in Brazil is 0.759 (United Nations Development
Programme, 2018). The demographic density of the city of Sao Paulo, the largest city in
Brazil, is 7,388 people/km? (IBGE, 2017).
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For a better understanding of the urban growth of Campinas in the last decades
and its possible impacts on urban mobility, some relevant historical facts are shown in
Table 1.

According to Bicalho and Rodrigues (2004), the beginning of public
transportation in Campinas occurred in 1912 when the first electric trams began to
circulate (Table 1). In the early 1930s, a bus line started operating, linking Campinas to
Capivari. The last tram operated in 1968.

Light Rail Vehicle (LRV) operated in the city from 1990 to 1995. The system
was deactivated due to the high cost of operation and corruption allegations (Silva,
2018).

During the decades of 60 and 70, there was a significant increase in the urban
population in the city. From the 1970s, part of the population started living in slums,
which grew rapidly (Baeninger, 1992). Slums or “favelas” are a physical and special
manifestation of urban poverty and intra-city inequality (UN-HABITAT, 2003). The
Brazilian Institute of Geography and Statistics (IBGE, 2011) defines favelas as
"subnormal agglomerations" constituted of shacks/huts and houses, occupying o, until
recently, occupied land that belong to others, either public or private, generally featuring
a dense, disordered layout, the majority lacking essential public services.

From 1980 to 1996, the population of Campinas almost tripled, increasing from
376,000 to 909,000 people (Table 1).

The metropolitan region of the city has a car fleet of 2,2 million vehicles (Seade
2015), about 0.75 vehicles per inhabitant, while the city of Campinas, according to
Denatran SP (2018), has a fleet of 916,682 vehicles (data December 2017), about 0.82
vehicles per inhabitant.

Table 1. Important historical facts of public transportation and urban growth of Campinas city

Year Campinas historical facts

1912 Beginning of public transportation (electric trams)
Decade 30 First line of buses connecting Campinas to Capivari
1968 The last tram to operate in the city

From 1960 to 1970 Large urban growth

1970s Start of slums

1980 Population 375,864

1990 Start of illegal transportation

From 1990 to 1995 Light Rail Vehicle (LRV)

1996 Population 908,906

2000 454,490 vehicles

2017 1,182,429 inhabitants x 916,682 vehicles

Sources: Baeninger (1992), Bicalho and Rodrigues (2004), Denatran SP (2018), IBGE (2017), Silva (2018).

Currently, there is a large concentration of favelas in the city. There are almost
150,000 people living in 40,000 households (IBGE, 2011). The rate of 12.9% is twice the
national average and higher than the city of Sdo Paulo (10%). Almost 15,000 families
(36.5%) survive with a per capita income of half a minimum wage to one minimum wage
and 61% of them never went to school or have incomplete elementary schooling (IBGE,
2011). The favelas are next to noble districts and scattered throughout the city (Diégenes,
2012). Favelas show the inequality in urban society. The Gini index in the city is 0.56
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(Atlas Brasil, 2013). This economic index is used to show income inequality. A society
that scores 0.0 in the Gini scale has perfect equality in income distribution and a 1.0
score indicates total inequality. Campinas showed the highest value index in the
metropolitan region, while Nova Odessa showed the lowest (0.41), i.e. the economic
inequality in Campinas was the largest in the region.

The rate of urbanization in public roads is low, only 55.9% (IBGE, 2017). This
means that 44% of public roads do not have sidewalks, manholes or paving in proper
conditions.

According to Bryan (2011), the city has an inefficient and obsolete public
transportation system, practically unable to offer users the right of easy movement
through the urban area, where they live with suitable quality, equity and security.

Urban growth was driven mainly by investments in industrial and research
centers, improvement and expansion of roads, expansion works at Viracopos
International Airport and large private constructions (shopping malls, condominiums,
etc.), all linked to major real estate speculation. Effective and qualified public
transportation has always been put aside (Fonseca, 2014). In a few years, the number of
cars may exceed the number of inhabitants in the city and make the traffic and air
pollution worse than it currently is (Table 1). Thus, sustainable actions are necessary to
improve urban mobility in the city.

Sustainability consists of integrating and interrelating the economic, social,
cultural and environmental aspects of a given sector. It is a dynamic and multidisciplinary
process, which requires evaluation and constant monitoring. Ethic and transparency are
important issues to the sustainability management system. Recycling (Turra, 2018) and
certification process (Turra et al., 2014) for a specific sector may be important step that
lead to sustainability although they are not enough to get it.

A sustainable urban mobility plan is a strategic plan built on existing planning
practices and takes proper consideration of integration, participation and evaluation
principles, in order to satisfy the mobility needs of people today and tomorrow, for a
better quality of life in the cities and their surroundings (Rupprecht Consult, 2015).

One of the ten United Nation Organization’s recommendations for the
transportation sustainability is to “establish structures for monitoring and the evaluation
of sustainable transport”. In this approach, the objective of this study is to evaluate the
performance of urban mobility and provide sustainable alternatives for the improvement
of urban mobility in Campinas, in the state of Sdo Paulo, Brazil.

2. Methodology

For the development of this study, a literature review was carried out, as well as
a quali-quantitative survey with citizens of Campinas, in the state of Sdo Paulo, Brazil,
from March 2018 to April 2018. The research comprised about 2.2% of Campinas city
population or about 1% (234 interviewed out of the 3 million people) of population in
the Campinas metropolitan region. These people were interviewed in the entrance of 3
public squares (Bento Quirino, Largo do Carmo; Arautos da Paz, Vila Nogueira; Jardim
Antonio Von Zuben, south region) and 1 municipal park (Parque Taquaral, Taquaral) in
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different regions of the city. These places were chosen because there is a social and
economic diversity of the population.
The survey was conducted through a simple random sampling approach.

3. Results and Discussion
3.1 Profile of the Interviewed Citizens

Most of interviewed people were female (54%), aged 21 to 30, with high school
degree and employed (Table 2). It is necessary to consider that a part of the interviewed

ones were young students and most of them will probably graduate.

Table 2. Profile of the interviewed participants

Age - years old Gender Education Occupation

16 — 20 (9.8%) Female (54%)  1st grade (11.5%) Student (19%)

21— 30 (33.6%) Male (46%) 2nd grade (43.6%) Employee (53.9%)

31 —40 (21.6%) Graduated (34.7%) Autonomous (9.0%)
41 - 50 (17.3%) Post-graduated (10.2%) Unemployed (8.1%)
51 — 65 (13.7%) Retired (5.5%)

More than 66 (4.0%) Entrepreneurs (4.5%)

The majority of people with graduation are over 30 years old and employed.
Most of the unemployed, not considering those who are studying, are aged 25 to 50.

The range from 41 to over 65 years of age represents 35% of the interviewed.
This group has the highest income among the interviewees and most of them are
graduated (68%). They use their cars mainly to get around and about 40% of them are
willing to pay more for cleaner vehicles.

Concerning the employability, four of participants, answered they were
unemployed, while fifteen of them, chose the option “others” in the questionnaire.
Those fifteen, when asked to explain what was the other occupation, they confirmed to
be unemployed (8.1%) (Table 2). Around 9.0% declared to be autonomous and 4.5%
entrepreneuts.

3.2 Pollution and Traffic

The results showed that Campinas’ citizens are worried with air pollution and
31.5% of them are willing to pay more for vehicles that pollute less than the current ones
(Table 3). Currently, most vehicles in the city run with gasoline, flex-fuel (ethanol-
gasoline) or diesel (buses, trucks and pickups). In Brazil, there are few options of hybrid
and electric cars, which pollute less than the conventional ones (Natural Resources
Canada, 2014). These cars represent less than 0.1% of the total vehicles. However, it is
important to analyze whether the production and usage of an electric car is sustainable
(lifetime emissions, commuting by car, spare parts, car insurance price, car price for
purchase and resale, metals used, lifetime of batteries, recycling process).

Table 3. Campinas citizens are willing to pay more by vehicles more efficient and less pollution
Nothing Up to 5% Up to 10% Up to 20% Up to 30%
68.5% 23.5% 5.9% 1.28% 0.85%
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The trees are important to capture the atmospheric COg, helping to mitigate the
greenhouse effects. It is also important to improve urban landscape and to help create a
better sense of well-being. The afforestation rate of public roads in the city is 87.5%
(IBGE, 2017). It is a good value when compared to other big cities in Brazil, like Belém
(22.4%), in the state of Pard; Manaus (25.1%), in the state of Amazonas; Rio de Janeiro
(72.2%), in the state of Rio de Janeiro; Sdo Paulo (75.4%), in the state of Sdao Paulo;
Porto Alegre (82.7%), in the state of Rio Grande do Sul; but a low value in Goidnia
(89.5%), in the state of Goias IBGE, 2017).

Investing in reducing pollution and urban traffic may contribute with lower
expenses for companies and municipalities. Thus, the money from this economy can be
used to other areas as observed in Figure 1.

According to Toledo & Nardocci (2011), studies showed a relation between air
pollution in the city of Sdo Paulo, Brazil, and respiratory and cardiovascular problems,
fetal growth, increased mortality and hospitalizations, particularly in children and eldetly
people. The economic impact of health events associated with air pollution in 29
Brazilian metropolitan regions was evaluated (Miraglia & Gouveia, 2014). The cost of
premature deaths in Brazil was estimated in US$ 1.7 billion annually.

Companies: more Municipality:
productive m.oney to be used
in other areas
Lower expenses
Lower pollution Better populati |_> on municipality
and traffic IZ: health health

Figure 1. Main benefits in reducing pollution and urban traffic in citées.

3.3 Income

According to Table 4 almost half of interviewed citizens (49%) has an income of
1 to 2 minimum wages (MW). The second group has 3 to 5 MW (29%); 10% has 6 to 9
MW, the group of 10 to 12 MW has 7.3%; and the last group (4.7%) has an income
higher than 12 MW. Currently, 1 minimum wage is R$954,00 per month or US$252.3
(data May 2018) (1 dollar = R$ 3,7811) (Infomoney, 2018).

Table 4. Campinas citizen's income in minimum wages (MW)

1to 2 MW 3 to 5 MW 6 to 9 MW 10 to 12 MW higher than 12 MW
49% 29% 10% 7.3% 4.7%
3.4 Urban Mobility

The car is the main type of urban transportation for 38.9% of the interview
participants. People who only use buses represent 32% of those interviewed, followed by
people who move around on foot (4.7%), by bicycle (4.3%), by motorcycle (3.9%), by
taxi or Uber (3%) and school bus (2.1%). Other 8.6% use both car and bus; while 2.5%
use both car and bicycle.
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The monthly expenditure on urban relative mobility represents on average 5%
to 10% of the family income from 35.9% of the interviewed, followed by people who
spend over 5% (34.6%). The expenditure range from 10% to 20% represents 19.2% of
the interviewed ones. Almost 6% of them have an expenditure range of 20% to 30%,
and 1.8% have an expenditure range of 30% to 50%. Almost 4% of the interviewed
citizens said they could not afford to pay for urban mobility and they depend on the help
of others.

Currently, the single bus ticket costs R$4.30 (most of the users use single bus
ticket). With this ticket, it is possible to make up to three uses in a two-hour period, from
Monday to Monday. The first integration of the single free ticket and the voucher-
transport is free. In the second integration, the user needs to pay R$0.40 (Emdec, 2018).
Thus, if a person works 21 days per month and uses 2 single bus tickets per day, one’s
monthly expenditure is R$180.60, which corresponds to 19% of the minimum wage
(MW).

Most interviewed citizens (65%) do not have problems with locomotion in the
city. However, 35% of the interviewed citizens reported difficulties. The main issues
reported were traffic (mainly by car drivers) (28%), old buses (19%), disrespect (9%),
harassment on buses reported by women (8%), lack of punctuality by buses (6.7%), bad
streets and sidewalks (4%0), impolite bus drivers (2.8%) and lack of respect for the elderly
(1.8%).

Poor conditions of public roads damage the traffic and public transportation as
a whole, as well as the living standards of the population.

Most of the interviewed (36%) spend 10 to 20 minutes going from home to
work. The journey from 20 to 30 minutes represents 16% of the interviewed. Twelve
percent spend 10 minutes maximum. However, 8% spend from 1 hour to 1 hour and 50
minutes. Most of the people who use buses to move around spend on average 58 + 41
minutes in their journey, whereas people who use cars spend on average 46 * 35
minutes. Most of the people who use bicycle or walk spend up to 10 minutes to
commute. If there is a safe system with infrastructure for bicycles, it may encourage
other people to use them, too (Wang et al., 2015).

An international survey with 74 cities around the world about public
transportation, Rio de Janeiro metropolitan region in Brazil was the worst city for
commuting, while Campinas metropolitan region was the 61st worst city (Julliard, 2018).

Among the main suggestions pointed out by interviewees for the improvement
of urban mobility are newer and modern buses (29%), put in operation lines of trains or
subway (27%), covered bus stops (21%), new cycle lanes (8%), new bus lanes (3.5%).

According to Miranda (2010), Curitiba, in the state of Parana, Brazil, is
considered a reference for good urban planning and transportation practices. The urban
mobility is characterized by the efficiency and comprehensiveness of public
transportation. However, there ate limitations such as the population's dependence on
motorized vehicles, reduced use of the bicycle by the population as a regular mean of
transport; reduced number of footpaths that are exclusive for pedestrians. Campinas has
the same limitations. The city has 120 kilometers of railway beds within the municipality
that can be used.
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Currently, there are some actions to improve urban mobility in the city. There is
a study to put in operation a link from the city center to Viracopos airport, the first in an
urban rail network in Campinas (Correio Popular, 2017). Campinas delivered 15 km of
bike paths between 2013 and 2017 (G1 Campinas e Regiao, 2018).

An option to improve local sustainability where everyone can benefit is to
promote actions with private and public companies in order to encourage the use of
solar energy in the buildings, allowing solar power to gain more mainstream acceptance.
Solar energy has great potential in Brazil, since the country has one of the highest levels
of insolation in the world (Martins, 2007) and the price of solar panels has decreased in
the last 5 years (Pereira, 2017). There are financing conditions for projects of electric
power generation by public and private banks. Solar energy can be used not only for
main activities of companies, but also for hybrid or electrics vehicles (automobiles and
buses). The use of this clean energy, if carried out effectively, can contribute to the
companies’ image (concerned with the well-being of population and with the
environment), as well as the local environment, by reducing air pollution, and the
national environment, contributing to a lower dependence of hydro and thermal energy.

4. Conclusions

All interviewees are concerned with the environmental pollution in the city and
about 30% of them are willing to pay more for vehicles that pollute less. The use of
trains or subway can be options to diminish the traffic and air pollution.

In order to allow the present and future generations to have a satisfactory urban
mobility, some actions ate necessary, such as:

- improve conditions of the public roads;

- the gradual exchange for less polluting vehicles for a better air quality;

- plan for a gradual change in the energy matrix, which will demand a greater amount of
clectric energy;

- integrate transportation systems - vehicles, bicycling, and walking - so that the mobility
is as fast, efficient, safe and affordable as possible;

- a sustainable management with evaluation and constant monitoring of urban mobility
to understand the real needs of the population and carry out the necessary actions.
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