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Abstract

The first goal of this article is to analyze théeef of household composition on the projection of
the automobile fleet due to demographic changdshinge been occurred. In order to determine
this effect, the projection of the number and cosijian of Brazilian households (Fioravante,
2009) is used to make the projection of the autoladleet a function of mortality, fertility and
nuptiality rates. The observed number of automebik compared with projected fleet to
determine the magnitude of demographic effects atonaobile fleet and measure the
environmental impact due to automobile use. Betw&@#0 and 2050, the population will rise
3.1%; while the number of households will rise 3%.8The forecasted fleet of Belo Horizonte
will rise until 2035, reaching 743214 automobilds. 2007, the observed fleet already
corresponded to 730468 automobiles, indicating atiditional effect of others variables, for
example, the economical ones. However the enviroteh@npact did not occur with the same
intensity, because some old vehicles were substitoyy new ones that have lower emission of

pollutants.
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1. Introduction

The household is influenced by transformations teaur in the population and can be
related to economical and cultural values of sgcietferring to familial life and also to
demographic components: fertility, mortality andgnation. According to Vos & Palloni (1989),
the demographic factors are determinants for thesraf household formation/dissolution and
for the availability of kin that can cohabitatearhousehold. For example, the fertility determines
the level of reproduction, the distribution of ciign and indicates how the average number of
siblings responds to this behavior, i.e., the numdie siblings that each child will have
opportunity to live together (Cavenaghi & Goldal®93). Even a cultural rule has been strictly
followed; variations of the demographic rates wihntribute to the variability in the household

formation (Hammel, 1984).

The fertility has had a fast and widespread dechrgrazil, the number of offsprings per
woman, at the end of reproductive period, reduececthf6.2 children to 2.4 children between
1940 and 2000 (Simdes, 2006). At the same timelifgie expectancy at birth was around 60
years in 1950, but it has increased almost 10 ysaarag the last fifty years (Saad, 2006).

According to Stockmayer (2004), different househdttuctures imply different
household sizes; for example, fewer people per dtmld imply an increase in the number of
necessary housing units. Depending upon how thoge are constructed, they can have large
impacts on the environment once they can requineeamd, more building materials, and more
infrastructures to support new neighborhoods, kameple, the collect of garbage by trucks. So
the declining rates of the population can’t be ab@red the only solution to reduce the
environmental impacts, because the number of holdelhas increased more than the number
of people (Hogan, 2005). Besides that it's necggsaconsider the consumption pattern that has
been changing. Brazilian people have substitutedr ttonsumption goods at time intervals
shorter than in the past (Rydkewski, 2007). Tenrs/emgo, the cellular telephone and the
computer were substituted by new ones every theaesyand every five years respectively; but
they have been now substituted every year and dweryyears respectively. Surprisingly, the
automobile was substituted by a new one every gigéits, but it has been substituted every four

years nowadays.

Considering that the automobile has a significamiticbution to the pollutants emissions
at the metropolitan areas (Companhia de Tecnoldgi&sSaneamento Ambiental, 2008), the
projection of the number of automobiles was cakaddor the period from 2000 to 2050. For

this projection, it was used the projection of rehald composition because this composition is



associated with the automobile ownership (Fiorasar2008; Pfeiffer & Strambi, 2005;
Prskawetz, Leiwen & O’Neill, 2004). In this manndr,is possible to analyze the effect of

demographic changes on the increase of the nunfilaet@mobiles.

Prskawetz, Leiwen & O’Neill (2004) observed thatagraphic characteristics of the
households can produce important effects to theativiiemand of the automobiles, through the
combined effects of differences of the automob#endnds (based on the household type) and
changes of the population composition in the fut(@so based on the household type).
Considering the household head, both the automohiftesrship and the automobile use have the
similar standard: there is an increase until thermediate ages and a decrease after these ages.
The household size affects directly the automobn@ership and use; part of this effect reflects
the age effect. According to Prskawetz, Leiwen &N@ill (2004), this can be explained as
follows: households of smaller size are most likefybeing commanded by younger or older
persons than by persons with intermediate age® thecautomobile ownership and use are low
for younger and older persons. Fioravante (2008) uke logistic regression model to analyze
the association between the social-economic an@dephic variables (specifically age and sex
of household head, household size, household inc@nd the number of automobile per
household in Belo Horizonte (Brazil), using the e data of 2000. Household income is an
important variable, but age and sex of househoddl lzge also important, besides the household

size.

The available data related to the pollutant emissiof carbon monoxide and
hydrocarbons for the automobile fleet (Dutra, 20Bigsil, 2006) were primordial to analyze the

environmental impact of automobile use in Belo Honte (Brazil).

2. Methodology

It was used a multidimensional model developed b§1991) to project the number and
composition of households in Belo Horizonte by hehedd size, marital status and age of
reference person. This model considers the intemtignce between demographic events,
because it analyzes the familial dynamic and theadgaphic processes that occur into the
familial context. For this model, it is necessapyprepare the input data standard schedules:
probability of surviving, mortality rates at openeled age interval, age-sex-specific rates of
marital/union status transitions, age-parity-spedgrtility, net rates of leaving parental home,



net rates of external migrations; besides the suypnmaasures, for example, life expectancy at

birth and fertility rates.

The data of demographic census of 1991 and 200@aRNAD’s (household survey) of
2004 and 2005 were used to estimate, among nuntberes, those related to the rates of
marital transitions and the event of leaving pakitome respectively. The projection of
household composition in Belo Horizonte was obtdily Fioravante (2008) who used the
ProFamy software developed by Zeng Yi.

For the household projection until 2050, three hlgpses were adopted: the mortality
rates will decrease after 2000, the general fgrtiite will be maintained constant and equal to
1.49 children, and the number of net migrants tdl maintained null after 2010. At the first
moment, the negative rates of net migration weretai@ed constant after 2000; however the
reduction of the number of habitants became impabaSince the rate of net migration is
negative and the fertility rate is below the refiosilevel, it is reasonable to think that the net
migrant number will be null in the future, becatise city will become more attractive, since the
city hall will have a better condition to offer gibservices.

The frequencies of automobiles by age of the refereperson and size of household
were calculated using the census data of 2000. eTfresjuencies were multiplied by the
composition of households projected from 2000 t6(R@s it can be visualized in the following

equation:

(1)

Total of automobiles” = g&ji(Total o automobilasjzooo*(Total of ]k,
s =2\ Total of households ’ households ’
where indexes “I” and “jJ” represent the age of tieéerence person and size of household,
respectively, every quinquennium “k”. The first rrerof the multiplication represents the
observed frequency of automobile ownership in 26@Mousehold; the second term represents
the number of households of size “|” and whoserszfee person belongs to group of age “i". In
2000, the frequencies of households that had otemalbile, two automobiles, three or more

automobiles corresponded to 31.6%, 9.9% and 2.68pectively.

The frequencies by size of household and age grbtgference person can be visualized

in the Graphic 1.



Graphic 1: Frequencies of households that have autwbiles per age group of the reference
person and size of household, Belo Horizonte, Braz2000
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a) One automobile per household size
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b) Two automobiles per household size
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c) Three or more automobiles per household size

Note: considering all the number of automobiles pehousehold size (zero, one, two, three or more),alsum of frequencies
is equal 1 for each age group.

Source: Demographic census of 2000, IBGE.



For the households that had one automobile, twonaaibiles, three or more automobiles,
the general frequencies increase until group of3%g89, 50-54, 55-59, respectively. Among the
households with one person of age between 25 an@@%, 27% of them had one automobile,
6% had two automobiles, 1% had three or more autdes This means that, amongst the
households whose reference person belongs to thgragp of 25-29, 34% of them had one or

more automobiles.

The methodology most usual to calculate the emmssib pollutants combines the
variables: 1) total of automobiles of each typefusdl and year of manufacture, 2) factor of
emission of the new automobiles, 3) factor of detation of the used automobiles, 4) the
average number of kilometers driven by the ownérautomobiles, as can be visualized at the

following equation:

Emissionzzg:Nfue,’x* FEqux*FD,*D,, 2)
fuel x=0

where Nyl x represents the number of automobiles of each affeel and age “x” (the year of
the database supplied by the Transit Bureau mimeigy¢ar of manufacture of the automobile);
FEwel x represents the factor of emission of the pollutanthe automobile of each type of fuel
and age “x"; FQ represents the factor of deterioration of the usetmobile of age “x”; D
represents the average number of kilometers diwetihe owners of automobiles of age “X” per
day. The equation calculates the total of eactutsoit that is emitted by the automobile fleet per

day, i.e., considering the use of all the autonasbih the same day.

The emission of each pollutant represents the totapollutant launched into the
atmosphere by all the automobiles of the fleet@éoB-orizonte per day. In spite of the fact that
the emission calculated does not correspond coslpltt the reality, this methodology has the
advantage of comparing the potential of emissionea€h fleet, because it considers the

distribution of fleet by age as well as the avenageber of kilometers driven by the owners.

3. Results

Between 2000 and 2050, considering the hypothelsas the mortality rates will
decrease, the total fertility rate will maintairdQ.children by woman and the number of net
migrants will be equal zero after 2010, the popatatwill rise 3.1%; while the number of

households will rise 37.8%. In 2050, Belo Horizomt#l have a big proportion of married



people, aged 65 or older, probably due to the lonentality rates that can be contributing to the
old couples to live together for a long time. Fr@000 to 2050, the number of households of
size one will rise from 10.9% to 20.7% and the letwdds of size two from 16.2% to 34.2%;

while the proportion of households of size threk e remained practically constant (23%) and

decreasing the proportion concerning the biggegséloolds (Graphic 2).

Graphic 2: Distribution of households by size, Bel¢dorizonte, Brazil, from 2000 to 2050
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Source: Demographic census of 2000 (IBGE).

In a generalized manner, it can be said that thalemhouseholds tend to have older
reference persons throughout the period of praactiAccording to Kobrin (1976), the
households of size two tend to be an empty nest,a.household comprised of an older couple

whose child left the household.

To evaluate the influence of the change of the éloolsl composition, the standard of
automobile ownership observed in 2000 was usedpitjected fleet of Belo Horizonte will rise
until 2035, reaching 743214 automobiles, as canisialized in the Graphic 3. After 2030, the
proportion of small households (households comgrisleone or two people) becomes bigger
every quinquenium. Since a great part of these dfmlds are comprised of older people, the
projected automobile fleet diminished after 203B¢cduse the automobile ownership by old

people is smaller than by young people.



Graphic 3: Projected total of automobiles, Belo Hozonte, Brazil, from 2000 to 2050
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Source: Demographic census of 2000 (IBGE) and datase supplied by the Transit
Bureau of Minas Gerais state.

Table 1 shows the projected number of householdsaatomobile fleet since the year
2001 until 2007 as well as the observed numbeutafraobiles.

Table 1: Projected number of households and autibesob
Belo Horizonte, Brazil, 2001-2007

Vear Projected numb&t O()?Zir;:)ergorgijlrg)lt)er
Household| Automobile
2001 664438 536060 532747
2002 673774 541680 552626
2003 684079 547343 580706
2004 693940 552561 601962
2005 702907 557010 628303
2006 710758 560678 673301
2007 717199 564430 730468

1) Demographic census of 2000 in starting year, HBG
2) Transit Bureau of Minas Gerais state.

The increase of the projected automobile fleeimalker than the increase of the observed
fleet for the period from 2000 to 2007. The recemirease of automobile fleet has been
attributed to the economic development and theneasiof financing the purchase of new or
used automobiles. However, the increase of theremviental impact doesn’'t have the same
intensity, because the increase of the automolei in Belo Horizonte is due to the acquisition
of new automobiles, whose factors of pollutant eimniss are lower than the factors of the used

automobiles (Brasil, 2006). The total emission afbon monoxide by the automobile fleet of



Belo Horizonte in 2007 (186.3 ton/day) is about 7dPthat in 2000 (250.4 ton/day). The total
emission of hydrocarbons by the automobile fleeBelo Horizonte in 2007 (21.6 ton/day) is
about 78% of that in 2000 (27.6 ton/day).

4. Conclusion

In general lines, the results are in congruenceh Miterature about the subject.
Considering the hypotheses that the mortality vatluce, the total fertility rate will maintain
1.49 children by woman and the number of net-migramill be equal zero after 2010, the
population in Belo Horizonte will rise 3.1%; whitke number of households will rise 37.8%.
The population pyramid will have a reduction of these, i.e., a reduction of the proportion of
young people. In 2050, Belo Horizonte will haveig jproportion of married people, aged 65 or
older, probably due to the lower mortality ratesttban be contributing to the old couples to live
together for a long time. From 2000 to 2050, theber of households of size one will rise from
10.9% to 20.7% and the households of size two fi&2% to 34.2%; while the proportion of
households of size three will be remained pradsicabnstant (23%), and decreasing the

proportion concerning the biggest households.

To evaluate the influence of the change of the éloolsl composition, the standard of
automobile ownership observed in 2000 was used.fditeeasted fleet of Belo Horizonte will
rise until 2035, reaching 743214 automobiles. 10720he observed fleet already corresponded
to 730468 automobiles, indicating the additiondkeef of others variables, for example, the

economical ones.

From 2000 to 2050, it was used the same frequerafiemitomobiles per household
composition observed in the demographic censusD60.2However, the results indicated the
necessity of actualizing those frequencies whaiilitbe possible with the data of demographic
census of 2010. The constant frequency of automaid@l household ignores that the youngest
generation will have a greater necessity of theoraobile in the future than the younger
generation nowadays. On the other hand, the limrtadf flow of automobiles on the streets,
because of this extraordinary growth of the fleetotomobiles, can reduce the utility of the
automobile. Due to limitation of flow of automolsleor economic factors, the increase of
motorcycle fleet in Belo Horizonte has been bigfean the automobile fleet since 2000.
According to Transit Bureau database, the numbemoforcycles increased from 48415 to
113928 motorcycles between 2000 and 2007.



Between 2000 and 2007, the potential of the enwmemtal impact caused by the
automobile fleet diminished due to both emissiorarbon monoxide (-26%) and hydrocarbons
(-22%). This happened because part of the incredsine fleet was compensated by the
reduction of the number of old automobiles thaispre the biggest emission factors. This last
analysis can be considered an example of the moolesidered by Boserup (1981) that
incorporates the technology level component inti@tato the model considered by Malthus for
the theory of the development.

For the future, a big reduction of the pollutantigsion is not expected because of the
technology limitation of the motors that uses atdpbasoline or diesel. A possible solution is to
invest in public transportation or to use a newdkif fuel, for example solar energy. Besides the
atmospheric pollution and the global heating, anedb vegetation and areas destined to the
population conviviality have been reduced or eliatéd to keep the flow of the vehicles at a

satisfactory level.
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