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1 Introduction

According to a recent survey by institute PEREGUM and SETA about racism in Brazil, 81% of
Brazilians believe that their country is racist. Furthermore, 44% of the respondents consider race to be the
primary factor creating inequalities in Brazil. Other factors such as socioeconomic status (20%), place of
residence (7%), and gender (6%) were also mentioned. These figures are significant and highlight the
importance of addressing race and racism in the ongoing debate about inequalities in Brazil. Similarly, race
and racism are also central issues within American society (Travassos & Williams, 2004); in the United
States, there is a significant body of literature that investigates a wide range of dimensions from a racialized
perspective. From a demographic point of view, research on health and mortality differentials by race stands

out (Abedi et al., 2021; Dwyer-Lindgren et al., 2022; Johnson et al., 2022; Nelson, 2002).

Unfortunately, the same is invalid for Brazil, where demographic literature on the topic is far more
incipient. One obstacle to advancing research on this topic is that IBGE, Brazil’s statistical office, does not
publish life tables by race. Moreover, racial classification is a complex process and, in Brazil, has been
described as ambiguous (Telles, 2002, 2014). Nevertheless, studies that attempted to provide evidence of
racial disparities in health and mortality show a systematic disadvantage experienced by Non-Whites
compared to Whites (Cunha et al., 2016; Goes et al., 2020; Lotufo et al., 2007; Martins et al., 1991;
Matijasevich et al., 2008; Paixao et al., 2010; Reichenheim et al., 2011; Wong et al., 2014).

It is vital to emphasize yet another challenge faced when conducting demographic analysis in Brazil —
the country’s regional diversity, which presents varying levels and patterns of mortality. The 2019 estimates
of life expectancy at birth for females and males combined illustrate this diversity very clearly; while the
national average was 70.6 years, life expectancy at birth was 71.40 years in Maranhdo, a state in the Northeast
and 79.90 in Santa Catarina, a state in the South. Data quality regarding population estimates and death
counts also varies across regions; research shows that despite significant improvements, the South and
Southeast regions, which have higher socioeconomic development, have better-quality data compared to
the North, Northeast, and Midwest (Agostinho & Queiroz, 2016; Lima & Queiroz, 2014; Paes, 2005; Paes
& Albuquerque, 1999; Queiroz et al., 2017, 2020). More recently, the COVID-19 pandemic added a new
layer of complexity: mortality levels increased significantly since 2020 (Baptista et al., 2022; Castro et al.,
2021; Lima et al., 2021).

Using population estimates and death counts for the 2010 to 2019 period in the state of Sao Paulo,
Brazil, the main goal of this thesis is to measure the life expectancy at birth race gap for females and males
separately; moreover, it also aims to evaluate at which ages do mortality conditions vary the most. Secondary
research questions are necessary to achieve this goal. The first deals with analyzing the completeness of
death counts by race, which will be evaluated using death distribution methods. The second part of the
analysis involves using different life table methods to decide which approach yields the most reliable life

expectancy at birth by race estimates.
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In other terms, the main research question to be answered in this thesis is:

e Do mortality conditions, measured by life expectancy at birth, differ across racial groups in Sao

Paulo between 2010 and 20197 If so, what are the age groups contributing the most to it?

Furthermore, the additional questions associated with the thesis’ main objective are:

e Are death counts subjected to different completeness levels across racial groups?

e Do different life table methods yield different life expectancy at birth by race estimates?

I hypothesize that life expectancy at birth differs among races, with Non-White people facing a
disadvantage regardless of gender. Additionally, I anticipate that adult mortality will have a more significant
impact on male deaths than on female deaths, primarily due to external causes and violence-related deaths.
Since this analysis is limited to Sdo Paulo, where death counts are complete (Lima & Queiroz, 2014; Queiroz
et al,, 2017, 2020), I do not expect completeness to vary when evaluated for race-based population

subgroups. Lastly, I expect different methods to estimate life expectancy at birth to yield consistent results.

This thesis is comprised of five chapters following this introduction. Chapter 2 reviews the literature
on the mortality transition, racial differences in health and mortality, and the Brazilian racial classification
system. Chapter 3 presents the data on population and mortality, highlighting their main features and
discussing limitations that could impact life expectancy at birth estimates. Chapter 4 focuses on the
methodological aspects of this research, with a detailed presentation of the methods chosen. Chapter 5
presents the main results obtained. Finally, in Chapter 6, the results are discussed, and research

opportunities emerging from this thesis are presented.
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2 Literature Review

The literature review presents an in-depth discussion of mortality from a racial perspective in Brazil.
It starts by tracing the historical changes in mortality and morbidity patterns in the country and introduces
the concept of epidemiologic polarization in relation to the demographic and epidemiologic transition
theories and their updates. The review also explores the definition of race beyond genetic factors and its
potential links to health and mortality. Additionally, it offers a more nuanced examination of racial issues

in Brazil's and discusses racial classification methods.

2.1 The Mortality Transition

Between the end of the 19% and the beginning of the 20 century, the average length of life in Brazil
was approximately 33.7 years. Over the next five decades, little increases in life expectancy were observed,
an increase of roughly three years, reaching 36.5 years by 1930 (Souza 1978, as cited in da Silva Simdes,
2016). However, estimates from the 1940 census started to show the effects of reduced mortality levels,
with life expectancy reaching 41.5 years; since then, steady and accelerated increases in survivorship have
been observed. In the following five decades, life expectancy increased an additional 25.4 years, 8.5 times

the gains observed between 1890 and 1930. Official estimates for 2019 are of 76.6 years of life.

The mortality transition is the primary process behind the increase in life expectancy observed since
the middle of the 20th century in Brazil. To better understand the drivers of said transition, one must look
at the decline of mortality /vels and the changes in its pattern (Horiuchi, 1997); the changes in the level of
mortality are explained within the demographic transition theory framework (Davis, 1945; Notestein, 1945;
Thompson, 1929), while the field of epidemiologic transition explains changes on the pattern of mortality
(Omran, 1971).

Originally based on observations for England between the 18" and the early 20t centuries, the
demographic transition describes the historical shift from high and unstable fertility and mortality rates to
a new pattern characterized by low and stable rates experienced by populations worldwide. The classic
formulation of the demographic transition theory is structured under four distinct stages, each describing

changes in fertility and mortality regimes and their effect on the population size and structure.

According to its classical proposition, populations in the first stage of the demographic transition
experience high and fluctuating fertility and mortality rates, characterizing a state of equilibrium without
significant changes in the population size or structure. However, mortality would surpass fertility due to
fluctuations, leading to a temporary decrease in population size. The transitional phase, known as the
second stage of the demographic transition, starts with a decline in mortality levels accompanied by a
sustained high fertility regime; this combination drives an increase in the total population size. The following

stage starts when population growth reaches its peak; at this point, fertility levels start to decline rapidly,
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and while the population continues to grow, it does so at a slower rate. The final stage is a new equilibrium
between fertility and mortality, which have reached historically low and stable levels, changing the
population’s age structure, characterized by fewer births combined with a growing share of the elderly

population.

The demographic transition theory offers a clear framework to understand historical changes in
fertility and mortality and its implications on populations. Nevertheless, it paints only some of the picture
required to understand the drivers that led mortality to fall; to gain a more comprehensive understanding
of the mortality transition, it is necessary also to consider the role changes in the cause-of-death profile. In
the epidemiologic transition theory, introduced by Omran (1971), the author formulates that the observed
increase in life expectancy results from the replacement of communicable diseases by degenerative causes

of death.

According to Omran’s 1971 article, this process took place in three different stages: (1) the age of
pestilence and famine, when death rates fluctuated at high levels, and the major causes of deaths affected
the young; (2) the age of receding pandemics, when improvements in public health and standards of living
contributed significantly to reduce mortality amongst the young, which led to increases in life expectancy
at birth, and (3) the age of degenerative and man-made diseases, characterized by a plateau phase, with

individuals dying at older ages, primarily due to chronic degenerative diseases (Omran, 1971).

The author has also described three distinct trajectories of the epidemiologic transition; a trajectory
describes a linear and unidirectional path through the different stages of the epidemiologic transition. The
firstis called the classical (or Western) model — the transition pattern followed by Western European nations
tits this model; the move from the age of pestilence and famine to the current era of degenerative diseases
took place in a steady manner, and by the beginning of the 20th century it was complete. The second
trajectory — the accelerated model- is reasonably similar to the classical model, with the notable difference
that it happened much faster. Finally, the contemporary (or delayed) model describes an incipient

incomplete process (Omran, 1971).

The original framework of the epidemiologic transition was, in some ways, a product of its time; it was
criticized and modified through the years by different authors (Foz, 2021). The revisions to the theory
include the addition of a fourth stage that captures the reductions in mortality brought by the cardiovascular
revolution (Olshansky & Ault, 1986) and a complete review of the epidemiologic transition trajectories by
Omran himself in 1998, now split into four groups: (1) the western model, (2) the non-western model, (3)
the intermediate model, and (4) the slow model (Omran, 1998). The timing and speed at which countries
go through each stage of the transition distinguish one trajectory from another; however, more is needed
to account for the experience of developing countries. Frenk et al. (1991), when studying the epidemiologic
transition in Latin America, argue that the main problem with Omran’s framework is the assumption that

countries would go through this process in a linear and unidirectional manner. The authors introduce a new
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epidemiologic transition trajectory — the polarized and prolonged model; the key features of this model are
(1) the overlap of stages, (2) a countertransition, (3) a prolonged transition, and (4) epidemiologic

polarization.

The authors suggest that Brazil is experiencing a countertransition, where communicable, chronic, and
degenerative diseases are coexisting simultaneously. This is evidenced by the reintroduction of diseases such
as dengne and cholera and the resurgence of malaria, leprosy, and leishmaniasis. The countertransition nature
of this phenomenon means that it is not unidirectional. This situation results in high morbidity and mortality
for both patterns, with no clear resolution. The epidemiologic situations in different regions or amongst
social groups within the same country become contrasting (epidemiologic polarization) (Schramm et al.,
2004). Epidemiologic polarization is also present in research conducted by Vallin & Meslé (2004); the
authors describe a divergence-converge system related to health improvements. Generally, changes in
health improvements first benefit the more privileged segments of a given population to the detriment of
the poorer segments (divergence); later, when advancements are disseminated and become accessible to the

entire population, there is a convergence process.

2.2 Racial Differences in Health and Mortality

Science, while a powerful tool for understanding and improving the world, has unfortunately played a
significant role in the perpetuation of racism throughout history. In recent editorials, The Lancet (2022)
and Nature (2023) acknowledged their roles in using science to justify racist practices and beliefs. Moreover,
The Lancet describes racism as a global public health crisis and emphasizes the need for continued research
on the topic as the beginning of the path towards reducing inequalities in racial health outcomes;
complementarily, Nature calls for a cautionary approach when attributing outcomes solely to race or
ethnicity, highlighting the potential for inaccuracy and harm. The journal then offers authors dealing with
the topic a three-step guideline; authors should: (1) explain the reasons behind using race in the study; (2)
discuss the treatment given to other dimensions of social stratification that might act as confounding

variables the analysis, such as SES; and (3) describe the racial classification methods used.

From a biological perspective, race is not a self-evident explanation for differences in health and
mortality (Santos, 2011). Genetic heterogeneity does not align with socially defined racial categories; genetic
diversity is more commonly observed within individuals than across said groups (Williams et al., 2016).
However, as a social stratification dimension, race can explain health and mortality differences due to
unequal access to resources and exposure to risk factors. Race must be understood as a risk marker rather
than a risk factor (Travassos & Williams, 2004); race should be viewed as an indicator or signal rather than

a direct cause.
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The discussion about differences in health outcomes and mortality among racial groups is of particular
relevance in Brazil, as one cannot neglect the relevance of the country's complex historical context of
colonization and slavery. Brazil was the leading destination of slave trade ships between the 16th and 19th
centuries: approximately 45% of the total number of Africans trafficked in the period were shipped to the
country and forced into slavery during that time, which accounts for about 4.8 million people; such
contingent is comparable to the total amount of Africans disembarked in the British Caribbean (2.3 million),

the Spanish Americas (1.3 million), and the French Caribbean (1.1 million) ($/avel gyages, 2008).

Centuries of colonial rule and the legacy of the transatlantic slave trade have left a deep-rooted mark
on Brazil’s society. Santos (2011) argues that race is a crucial dimension of the country’s social stratification;
according to the author, historically, white groups have predominantly wielded the power to make racial
designations, structure social life in racial terms, and associate an “inferior” value with other categories.
Moreover, he argues that these divisions have been used to interpret experiences, form social relationships,
and organize individual and collective action. Thus, racial divisions constitute social groups typically defined

as distinct based on physical characteristics considered common among their members.

Socioeconomic status works as an umbrella term that encompasses various economic and social
factors, such as wealth, influence, and status, and is usually measured by income, education, occupation, or
a combination of these variables (Travassos & Williams, 2004). SES impacts health outcomes differently
throughout the life span and across different scales (Braveman et al., 2005). Research shows that individuals
with higher income, educational attainment, or occupational standing tend to enjoy longer lives and
experience reduced disease prevalence compared to those with lower social status (Williams et al., 1994);
moreover, there is a strong racial pattern to SES variables (Williams et al., 2016). A 2022 report discussing
racial inequalities in Brazil shows that the average per capita household income income fow Whites is twice

that of Non-Whites (IBGE, 2022).

However, this racial pattern in SES serves only as a partial explanation for differences in health
outcomes. Racial disparities in health typically persist, although at reduced levels, across all levels of SES
(Santos, 2011; Travassos & Williams, 2004; Williams et al., 1994, 2016). The same report on racial
inequalities in Brazil shows that income levels are higher for whites regardless of the educational attainment
level and are the highest for the group with college-level education (IBGE, 2022). Thus, despite the
relationship between race and SES, these are not interchangeable variables and represent their own
stratification processes; each is likely to serve as a proxy for particular exposures influencing health

outcomes. (Santos, 2011; Travassos & Williams, 2004; Williams et al., 2016).
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Finally, Williams et al. (20106) offer four reasons why race matters regardless of its relationship to SES.
Firstly, early life adversity affects long-term physical and mental health, which has been shown to vary both
by race and SES. Secondly, SES indicators are not equivalent across racial groups. Thirdly, racism is a crucial
social exposure for racial minorities, impacting various health outcomes. Lastly, racial minorities face a

higher risk of exposure to crime, violence, and financial strain.
Previous Studies in Brazil

Despite the relevance of approaching health and mortality from a racialized perspective, a limited
amount of studies investigated such differences (Chor & Lima, 2005); Brazilian literature on the topic
focuses mainly on mortality differences between Whites and Non-Whites, comprised of Whites on one side
and Mixed and Blacks on the other, for specific groups such as infants, children, and young adults. Only a
few studies attempted to estimate life expectancy by racial groups, and a search of the relevant literature
yielded no articles presenting an age decomposition of differences in life expectancy at birth by gender and

race.

Batista et al. (2004) conducted a study to examine if specific causes of death are more commonly
associated with certain racial groups. They used death records data from the state of Sao Paulo and divided
racial categories into Whites and Non-Whites. The study revealed two distinct patterns. Non-White deaths
are due to complications during labor and delivery, external causes, mental disorders, or ill-defined reasons.
However, On the other hand, White deaths are attributed to neoplasms and diseases of the circulatory or

respiratory systems.

The work by Batista et al. emphasizes key aspects regarding the dynamics between gender, race, and
health and mortality; moreover, his results are consistent with the literature on the topic. Research provides
evidence supporting systematic disadvantages for Non-Whites when compared to their White counterparts
in infant and child mortality, maternal mortality, and stroke mortality; Non-Whites are also more likely to

suffer from the negative effects of violence in particular males.

Matijasevich et al. (2008) used 1982, 1993, and 2004 birth cohorts from the South of Brazil to study
racial disparities in infant mortality; the authors evaluated mortality trends among infants born to White
and Non-White mothers. Results showed that infant mortality declined regardless of the mother’s race: for
infants born to White mothers, the rate dropped from 30.4/1,000 live births in 1982 to 19.9/1,000 in 2004
— approximately 54%; a smaller, but still significant decrease took place for infants born to Non-White
mothers, 44% (53.8/1,000 in 1982 to 30.4/1,000 in 2004). It is essential to notice that despite the decrease
observed for both groups, it took more than twenty years for mortality rates of infants born to Non-White
mothers to reach the same level experienced by those born to White mothers. Moreover, the gap between
infant mortality rates across racial groups increased between 1982 and 2004; while said rates were 1.8 times

higher for children born to Non-White mothers in 1982, it rose to 2.2 by 2004.
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Using census and vital statistics data, Wong et al. (2014) assessed trends in infant mortality by gender
and race in Brazil. The results presented by the authors support the results described by Matijasevich et al..
Infant mortality decreased for females and males born to White and Non-White mothers. However,
mortality for Non-White male infants is about 30% higher when compared to their White counterparts; a
similar pattern is observed for females, with Non-White girls experiencing rates 25% higher. The
comparison between genders paints a more positive outlook: infant mortality decreased more significantly

for males, thus reducing the infant mortality gender gap.

Associated with infant mortality are the health conditions of mothers; different studies approached
this topic in a variety of ways, but the evidence unequivocally points to worse health status and higher
mortality for Non-White mothers. A study on induced abortion among low-income women showed that
Non-White women are three times more likely to die due to complications during an abortion than White
women (Martins et al., 1991). This increased mortality due to complications after abortion can be explained
by racial discrimination in health services and the stigma associated with abortion, as shown by Goes et al.

(2020).

Leal et al. (2005) also studied the effects of racial discrimination in health services in Brazil. In theory,
universal access to free delivery care is guaranteed to all Brazilians; however, to test the universality of access
to such services across racial groups, the authors studied trends in access and utilization of health care
services by White and Non-White women. Their results show that Non-White women reported the lowest
educational attainment levels, combined with the highest rates of adolescent childbirth and unemployment.
Moreover, domestic violence, smoking, abortion rates, and increased challenges to being admitted to
hospitals were also more frequent among non-white females. When women of similar educational

attainment levels were compared, the same pattern persisted but at lower levels.

These studies serve as supporting evidence for racial inequalities in the access and use of health services
by adult women, which poses challenges for their own lives but also for infants, in particular for those born
to Non-White mothers, as previously shown. While these are the main challenges associated with adult
female mortality, the critical dimension to be considered when discussing adult male mortality is deaths due
to external causes — or violence-related deaths. Reichenheim et al. (2011) claim that violence ranks third
among the causes of death for males; moreover, it is the sixth leading cause of hospital admissions.
Furthermore, Non-White men with low SES are both the primary victims and perpetrators of violence,

whereas Non-White women with low SES are the primary victims of domestic violence.

Recent data on deaths by homicide confirms the pattern of differences by gender and race: in 2020,
the homicide rate per 1,000 people in Brazil was 11.5 for Whites, 21.9 for Mixed, and 34.1 for Blacks — a
significant increase when compared to what was experienced by White people. When the statistics are
further disaggregated and presented also by gender, the differences become even more striking: homicide

rates for Mixed and Black males are two times higher than that for White males. When comparing by
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gender, rates for White males are eight times higher than that of their female counterparts, while the same

comparison for mixed and black males yields differences as high as fifteen times IBGE, 2022).

It is worth noting that there are documented racial disparities in cardiovascular diseases (CVD) in the
United States, as highlighted by Graham (2015). However, further investigations are needed to explore this
in Brazil. Lotufo et al.'s study in Sdo Paulo (Lotufo et al., 2007) analyzed the patterns of CVD among white
and non-white males and females to assess potential inequalities in deaths related to race and gender. The
results indicated that non-white men had 1.4 times higher age-adjusted mortality rates than white men,

while women exhibited similar patterns, although with lower rates.

The evidence presented so far indicates a systematic disadvantage of Mixed & Blacks over Whites,
with increased mortality rates at all age groups analyzed. Previous studies that attempted to estimate life
expectancy in Brazil by racial groups show that this increased mortality reflects on life expectancy estimates.
Cunha et al. (2016) applied a wide range of different methods in their estimation and regardless of
differences in the size of the effect race had in life expectancy at birth estimates, White females, White

males, Mixed & Black females, and Mixed & Black males were, for all but one method, ranked in this order.

2.3 Race and Skin Color: Classifying Individuals

“The statistical representation of race relations depends on classification, and this needs to be understood in Brazilian

terms” (Telles, 2014).

There is no international standard for racial or ethnic classification: in different countries, race and
ethnicity are defined by how the historical context of each society shapes the distinctions among social
groups (Osoério, 2003). Telles (2014) describes racial classification in Brazil as an ambiguous matter. The
author argues that after slavery was abolished, towards the end of the 19% century, a project of whitening
the population through miscegenation was put in place, which left classification to a matter of individual
perception and established a dynamic where individuals would be classified as white or whiter than others,
rather than having membership to a particular group assigned to them, in contrast to countries like the

United States or South Africa, where race-based laws required highly specified classification systems.

Another fundamental aspect of racial and ethnical classification in Brazil is that race and color (skin
color) carry the same meaning; that is, the idea of pertaining to a particular racial group is associated with
one’s phenotype: skin color, hair type, nose, and lip shape are characteristics related to membership to a
racial group. This association is evident in the census, where individuals are asked: “what is your color or
race?” (a sua cor on raca é2), which demonstrates the perception of some racial groups as a part of a color
gradient, from lighter-skinned individuals to darker-skinned ones, with some groups shading into one

another (Telles, 2014).
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Understanding the ambiguity surrounding racial classification in Brazil, from the post-abolition period
to the present day, is fundamental to discussing racial classification as a system and how its two main
components operate: the categories themselves and the criteria used to establish membership to one

category over another.
Race Categories: The Census and The Black Movement Effect

White (Branca), Mixed (Parda), Indigenous (Indigena), Asian (Amarela), and Black (Preta) are the five
categories currently employed by IBGE in the census and in surveys that collect data on race. The story
behind the terms used to describe racial categories dates back to the 19th century; at the time, White, Mixed,
and Black were used to distinct free women and men from enslaved people (Osério, 2003). The first census
in Brazil, held in 1872, adopted these three terms, together with Caboclo — a designation for the Indigenous

population, as its racial groups.

The treatment given to racial categories in official statistics in Brazil changed over time. Despite
including information on the population's racial composition in the first and second censuses (1872 and
1890, respectively), this information was ignored in the 1900 and 1920 censuses until it was reintroduced
in the 1940s round. That year, the same categories used in the 1872 collection were adopted, and the Asian
category was included as a result of international immigration flows, particularly those from Japan between
1908 and 1930 (Miranda, 2015; Osério, 2003). Since then, the only change happened in 1991, when the

term Indigena replaced Caboclo to describe the indigenous population.

It is noteworthy how stable racial categories used by IBGE have been since its first round; apart from
the inclusion of Amarela (Asian) and the replacement of Caboclo by Indigena, the remaining categories
were, to some extent, always present. However, the views on race evolved significantly since the first census
round. In particular, the emergence of the Black movement in Brazil reclaimed the term Negro, seeking to

form a new Black identity where no distinction would be made between Mixed and Blacks (Telles, 2014).

Government reportts, the media, and even academics adopt the concept of a racial group composed
of Mixed and Blacks together; it is not uncommon to see articles in the media highlighting that more than
half of the Brazilian population is Negra. However, IBGE has yet to reduce its racial categories from five
to four. On the one hand, those in favor of the change argue that unifying the Mixed and Black categories
will reduce much of today’s ambiguity. On the other hand, those against it state that this change would
represent the government, rendering invisible all Mixed individuals who would not consider themselves

either White or Black (Telles, 2014).
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Figure 2.3.1 — Color Gradient of Brazilian Racial Categories
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Source: Adapted from Telles (2014).

Figure 2.3.1, adapted from Telles (2014), shows where the White, Mixed, Black, and Negro racial
groups stand on a color gradient, moving from lighter-skinned (more European-looking) individuals on the
left to darker-skinned ones (more African-looking) on the right. The categories adopted on the census and
sample surveys conducted by IBGE are shown on top, followed by the dichotomous system with only two
possible groups on the bottom. As previously discussed, the ambiguity of the race categories is represented

by the overlap between Mixed with Whites and Blacks and between Negros and Whites.

The second mechanism of the system of racial classification that needs to be discussed is the methods
used for racial classification. A method of racial classification is the process adopted for determining one’s
membership to a racial group; there are different approaches to determining racial membership; here, two

methods will be presented, and their implications will be discussed: identification and categorization.
Methods of Racial Classification: Identification or Categorization

Racial membership is usually defined either by identification or categorization. When individuals
provide information about their racial or ethnic identity, it is called identification. With categorization, on
the other hand, a third party assigns a racial or ethnic category to the individual based on their observation
or judgment. Therefore, racial classification can be heavily affected by the choice of method. There is no
single “gold standard” for racial classification in data collection that is universally accepted. International
institutes such as the OHCHR (United Nations Human Rights Office of the High Commissioner) have
published guidelines arguing that identification should be preferred over categorization, as it is aligned with

principles of autonomy and individual agency in expressing one's identity (RIVA & AG, 2018).

In Brazil, identification and categorization are widely used, depending on the data source. In the census
IBGE’s surveys, identification is the chosen method, except when a household member is either absent or

unable to participate in the interview (Osorio, 2003). Civil Registration and Vital Statistics (CRVS) systems
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adopt categorization for birth and death records for obvious reasons. At the same time, identification is
preferred if the individual can provide this information themself. Since this work combines census, survey,

and CRVS data, it is fundamental to discuss how identification and categorization may affect the data.

Much of this discussion about the choice of classification method is related to the idea that one yields
more accurate results than the other; usually, the argument is that categorization is an objective measure of
race, while identification is subjective and, thus, less reliable. However, there are no guarantees that multiple
interviewers, even if trained to identify physical traits specific to each racial category, will all agree on an
individual’s race. It would be more appropriate to look at both methods as subjective since identification
and categorization lack definitive measures of objectivity; the only difference is that identification reflects
the respondent’s subjectivity and categorization of the interviewer (Osério, 2003). Moreover, identification
is a process of understanding one’s socialization, incorporating descent and cultural traits, in contrast with

categorization, which tends to reflect other people’s perceptions (Telles, 2014).

Adding to the debate about racial classification methods, studies in Brazil attempted to quantify the
implications of using identification or categorization. Osério (2003) analyzes the main results from these
studies and emphasizes key common features among all of them: (1) identification and categorization show
a high overall level of agreement, (2) among whites, identification and categorization match for roughly
90% of individuals, (3) results from interviewers and interviewees diverge at significant levels for mixed and

blacks, and (4) interviewers whitened respondents in every study.

The author emphasizes how a convergence of results between identification and categorization is not
surprising; to some extent, as both interviewers and respondents are members of a single society, they share
similar perspectives on race. It was also expected that Whites are not as often misclassified in contrast to
Mixed and Blacks. However, the whitening effect produced on the population by categorization requires
further discussions; the author suggests, based on previous research by Nogueira (1985, as cited in Osério,
2003), that this effect could be interpreted as a concession from the interviewers to the interviewees — given
the low value associated with blackness, to categorize Blacks as Mixed, and Mixed as Whites becomes

almost a “generous” act.

In 2013, IBGE published an extensive report on the racial profile of the Brazilian population; as a part
of this report, they presented the results from a 2008 survey on the same topic. The survey data made
allows, among other investigations — to assess if the features described by Osério are also evident when
more recent data is used. Table 2.3.1 summarizes the comparison between race, when assigned by
identification and categorization; as expected, when all races are accounted for, both methods yield similar
results, around 77.5% of individuals were consistently classified. Moreover, in accordance with the existing
research on the topic, categorization leads to whitening. The marginal distribution from Table 2.3.1
highlights this effect; results from categorization shows that Whites account for 58.29% of the population,
Mixed are 29.19%, followed by Blacks (9.72%) and other races (2.80%). When identification is used, the
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share of Whites is approximately 7 percentage points lower, while for Mixed, Blacks, and other races are

4.39, 0.54, and 1.95 percentage points higher, respectively.

Table 2.3.1 — Percent Distribution of Sample across

Identified and Categorized Race: Sao Paulo, 2008

Identification
Categorization White Mixed Black Other
White 47.31% 9.24% 0.25% 1.49%
Mixed 3.55% 21.45% 2.86% 1.32%
Black 0.04% 2.33% 7.06% 0.29%
Other 0.51% 0.55% 0.08% 1.65%

Source: Adapted from (Petruccelli & Saboia, 2013).

Note: (1) Mixed corresponds to the grouping of the “Morena” and “Parda” categories; (2) Black corresponds to the grouping of
the “Negra” and “Preta” categories; (3) Other, encompasses “Awmarela”, “Indigena”, and “Outras™.

In addition, Table 2.3.2 shows different features regarding the use of identification or categorization
when assigning race in a population; for each racial category, it is possible to see the agreement level between
the two methods. Identification and categorization resulted in the same race for 92% of individuals
identifying as White, 63.9% as Mixed, and 68.8% as Black. The extent to which the methods disagree on
race is striking for Mixed and Blacks; this pattern of racial mismatch provides relevant insights regarding
the implications of using one method or the other: while only 8% of identified whites were placed in a
different racial group, this rate was roughly four times higher compared to Mixed (36.1%) and Blacks
(31.2%).

The different results obtained by identification and categorization confirm the categorization bias
described by Osorio. That is, the racial composition of the population resulting from categorization tends
to be at the lighter end of the color gradient when compared to the results from categorization. Table 2.3.2
shows additional evidence of that: according to the results presented, it is four times more likely that
someone who identifies as Mixed to be categorized as White (27.53%) rather than Black (6.94%) by a third
party; this bias works in the same direction for Blacks, with 30.36% assigned to either Mixed (27.91%) or
White (2.45%) races.
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Table 2.3.2 — Percent Distribution of Persons who Identified as

White, Mixed, Black, and of Other Races: Sao Paulo, 2008

Identification
Categorization White Mixed Black Other
White 92.02% 27.53% 2.45% 31.31%
Mixed 6.90% 63.90% 27.91% 27.80%
Black 0.08% 6.94% 68.82% 6.13%
Other 1.00% 1.63% 0.82% 34.76%

Source: Adapted from (Petruccelli & Saboia, 2013).

Note: (1) Mixed corresponds to the grouping of the “Morena” and “Parda” categories; (2) Black corresponds to the grouping of
the “Negra” and “Preta” categories; (3) Other, encompasses “Awmarela”, “Indigena”, and “Outras™.

The ambiguity of racial classification in Brazil, associated with the whitening effect observed in the
data and research on methods of racial classification, shows that research involving data on race requires
careful analysis and manipulation. Given the widespread use of the media, government communications,
and the discussions led by the Black movement in Brazil, the work presented in this thesis adopts the
White/Non-White classification of the population, with Whites on one side and Mixed and Blacks on the

other.
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3 Data

Two data types are required to produce life expectancy at birth by gender and race: population and
death counts. Demographic analysis in Brazil poses challenges due to regional diversity, impacting
population and mortality data quality. The South and Southeast regions, with higher socioeconomic
development, exhibit more reliable data compared to the less developed North, Northeast, and Midwest
regions (Queiroz et al., 2020). Moreover, in Brazil, the COVID-19 pandemic postponed the 2020 census
and increased mortality levels (Baptista et al., 2022; Castro et al., 2021; Lima et al., 2021).

Under these circumstances, the analysis presented focuses on the state of Sdo Paulo for the time
window between 2010 and 2019. Sdo Paulo is the richest state in Brazil, highly urbanized, being home to
the largest share of population among Brazilian states. Moreover, studies investigating completeness of
mortality data confirm the data quality (Lima & Queiroz, 2014; Queiroz et al., 2017, 2020). Population
counts were obtained from the combination of microdata from the 2010 census and the PNAD-C from
the third quarter of 2019; death counts are available through a single source — SIM, a government database

where all information about deaths occurring in the country is recorded.

3.1 Population Estimates
Key Features

The 2010 census was the first to include a question about race for every resident in the country
(Chiavegatto Filho et al., 2014). Results showed that around 98.5% of Sio Paulo’s female population
identified as White, Mixed, or Black. Amongst females, 13.72 million (64.75%) identified themselves as
White, 6.06 million (28.60%) as Mixed, and 1.08 million (5.10%) as Black; a similar pattern was observed
for males: 12.55 million (62.50%), 6.07 million (30.23%), and 1.16 million (5.78%) of this population
identified as White, Mixed, and Black, respectively. The remaining racial categories (Asian and Indigenous)

account for approximately 1.50% of males and females.

Figure 3.1.1 shows the distribution of the population in 2010 according to the five racial categories
used by IBGE, as well as the total number of individuals for whom this information is missing. As
previously presented, the pattern does not differ by gender, with the White category being the largest,
followed by Mixed and Black.
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Figure 3.1.1 — Population by Gender and Race: Sio Paulo, 2010
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Source: Own calculations from the 2010 Census.

Figure 3.1.2 introduces the race-age pyramid, which allows for a more complete analysis of the
composition of the population by highlighting two dimensions of the data at once: the age and racial

distribution considering five-year age groups and identified race.

Figure 3.1.2 — Race-Age Pyramid: Sdo Paulo, 2010
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Source: Own calculations from the 2010 Census.
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From this pyramid, it becomes clear that the White category is not only the largest in absolute numbers
but also in all age groups, followed by Mixed and Black. Asians, Indigenous, and records where race
information was missing are considerably small across age groups. Furthermore, the shape of the pyramid
indicates a similar pattern for the three most representative races for both genders, varying more

significantly in terms of the size of each category.

As the focus of the study is to decompose differences in life expectancy at birth amongst the racial
groups, Figure 3.1.3 reproduces Figure 3.1.2 but focuses on the categories used in this study, namely: White,

Mixed, and Black.

Figure 3.1.3 — Race-Age Pyramid: Sdo Paulo, 2010
(White, Mixed, and Black)
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Given the effects the COVID-19 pandemic had in Brazil, PNAD-C was used as a source for the
population estimates in 2019. PNAD-C stands for Pesguisa Nacional por Amostra de Domicilios Continna, a
comprehensive survey conducted quarterly by IBGE. The central unit of investigation for the survey is the
household; on each round, more than 210,000 households are selected, and once selected, a household is
visited once per quarter for five consecutive quarters — when it leaves the sample. The survey was
permanently implemented in January 2012, covering the entire country. Its sample was designed to produce

results at the national level and different aggregations at the subnational level.

In regard to population estimates obtained from this survey, it is essential to highlight that in 2018,
IBGE published the revised estimates for the population projections by age and sex for the 2010-2060
period; this revision incorporated the results of the 2010 census and the most recent information on birth

records. As a result, in 2019, all PNAD-C estimates were revised to reflect the most up-to-date estimates
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of population projections. No further updates have been made since the publication of the initial results

from the 2020 census in June 2023.

Figure 3.1.4 puts the race-age pyramids for Sao Paulo in 2010 and 2019 side-by-side; this comparison
emphasizes an interesting aspect of the racial composition of the population apart from the expected change
in the shape of the pyramid due to demographic forces such as fertility, migration, and mortality: while still
being the largest category, the share of whites declined, while mixed and blacks increased; these two groups

observed a positive variation between 2010 and 2019 for nearly all age groups.

Figure 3.1.4 — Race-Age Pyramid: Sao Paulo, 2010 and 2019
(White, Mixed, and Black)
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Figure 3.1.5 — Population’s Racial Composition:

Sao Paulo, 2010 and 2019 (White, Mixed, and Black)
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Source: Own calculations from the 2010 Census and the 2019 PNAD-C (third quarter).

Note: The percentages presented consider only individuals who identified either as White, Mixed, or Black.

Figure 3.1.5 highlights this feature by showing the relative size of each group in 2010 and 2019 by
gender with the top three racial categories considered. for females, the share that identified as White
dropped from 65.8% in 2010 to 60% in 2019; for males, it went from 63.4% to 57.8%. Conversely, the
share of individuals who claimed to be Mixed or Black increased; if grouped, it rose about six percentage

points for males and females.

Previous studies have investigated the drivers of changes in the relative size of racial groups in Brazil
(Catvalho et al., 2004; Miranda, 2015; Wood & Carvalho, 1994). The work by Wood & Carvalho (1994)
and Carvalho et al. (2004) focused mainly on the period between 1950 and 1991, while Miranda (2015)
included data from the 2000 and 2010 censuses to investigate more recent trends. From their results, it is
possible to identify two separate historical trends: in the latter half of the 20t century, a significant increase
of individuals identifying as mixed in detriment of the White or Black, and in the 2000s, the continued

increase of the Mixed category, at a slower pace, accompanied by a growth of the Black category.

As for the causes behind these trends, all authors argue they were not driven by demographic forces
such as fertility migration or mortality differentials but rather due to racial reclassification; that is, individuals
will change their response when asked to which racial group they pertain (Carvalho et al., 2004; Miranda,
2015; Wood & Carvalho, 1994). This happens for a number of reasons; Miranda (2015) argues that the
more recent trends of an increasing number of individuals identifying as Mixed or Black coincide with a

period of intensified black political activism, which could be the driver of reclassification.
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The trend of an increasing number of individuals identifying with races in the darker end of the
spectrum (Mixed or Black) further argues for the approach taken in this work, where the new “Mixed &
Black” racial category is used to discuss racial differences in life expectancy at birth. Figure 3.1.6 illustrates

the age distribution of the population of Sao Paulo in 2010 and 2019, considering only these two groups.

Figure 3.1.6 — Race-Age Pyramid: Sao Paulo, 2010 and 2019
(White, Mixed, and Black)
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Source: Own calculations from the 2010 Census and the 2019 PNAD-C (third quarter).

Data Limitations

Aside from discussing some of the most sensitive topics of the data, it is fundamental to address other
potential limitations that may affect the interpretation of the results. The presence of missing data can
introduce biases; in censuses or sample surveys, it occurs due to various reasons, such as non-response,
measurement errors, or data collection limitations. It is crucial to acknowledge and appropriately handle
missing data to ensure the reliability of the conclusions drawn from the analysis. By examining these
limitations, it is possible to adopt suitable strategies to address them and enhance the overall robustness of

the study.

Three main variables were used in this work: (1) age, (2) gender, and (3) race; the presence of missing
values for any of these variables requires careful analysis and treatment. If missing values represent a
significant dataset share, it would interfere with its use. The examination of the dataset for 2010 indicates
that there are no missing values for both age and gender; for race, however, missing values were identified.
From the approximately 41.26 million inhabitants of the state of Sio Paulo at that time, only for about 16

thousand (0.04%) race information was not available; regarding the distribution between genders, no
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significant discrepancies were observed — approximately 7 of the 16 thousand were females, and 9 thousand

were males, which represent 0.03% and 0.05% of their shares from the population, respectively.

Between 2010 and 2019, Sao Paulo’s population grew by about 11.37%, reaching approximately 46
million people. Regarding data completeness, the scenario remains very similar to that of 2010; there is no
missing information for age and gender, and only a small share of the population did not identify as part of
one of the five racial categories defined by IBGE. Race is not available for about 6 thousand people (0.01%),
of which 1.6 thousand are females and 4 thousand are males; this distribution is considerably different from

that observed in 2010 but still accounts for a very small share of the population.

Missing data can yield distorted interpretations of any research’s findings; however, as shown, that is
not a significant issue regarding the population data used here — the census and PNAD-C have a minimal
share of information missing when age, gender, and race are looked at. Individuals without race information
were removed and not considered in any estimates; the exclusion of this group is assumed not to distort

any estimates.

3.2 Death Counts

Key Features

SIM, ot Sistema de Informagies de Mortalidade, is a part of Brazil's health information infrastructure. It is
managed by DATASUS, the Department of Informatics of the Unified Health System (SUS). SIM was first
established in 1975, and it is the result of the integration of over 40 instruments used to collect mortality
data in the country up to that point; in 1979, the system was computerized, which later allowed for
decentralized data collection. The data available on SIM is obtained directly from death certificates filled

out by the attending physician at the time of the death.

A 2005 study by the World Health Organization, which analyzed mortality systems in various
countries, assessed SIM as a medium-quality system (Mathers et al., 2005). The assessment observed six
different dimensions: (1) years of mortality data, (2) completeness, (3) years of cause-of-death data, (4) ICD
revision used, (5) coverage, and (6) share of deaths coded to ill-defined codes. More recent studies showed
a significant improvement in the quality of the information available on SIM (Jorge et al., 2007), particularly

regarding the completeness of adult deaths (Lima & Queiroz, 2014; Queiroz et al., 2017, 2020).

These studies have also confirmed a pattern of contrasting completeness levels between regions: while
data are considered complete for South and Southeast states, that is not the case for the remaining states.
Based on the results from said studies, data for the state of Sdo Paulo are assumed to be complete — that is,

the system captures virtually all deaths that happen in the state.
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Figure 3.2.1 shows the evolution of the total deaths observed in Sio Paulo by gander from 2010 to
2019, with the notable exception between 2011 and 2012, when a small stall is observed, deaths have
increased in absolute numbers for both genders. The number of deaths decreased between 2016 and 2017
for males (from 161.5 to 158.5 thousand) is also noteworthy. Nevertheless, since 2017, deaths have

continued to follow a pattern of growth for both females and males.

Figure 3.2.1 — Total Deaths by Gender: Sao Paulo, 2010 to 2019
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Note: Does not consider records with missing gender information (0.02% of the total deaths).

Despite its existence for almost half of a century, SIM did not have any information on the race of the
deceased until 1996, when the Ministry of Health established the minimum attributes and complementary
information to be adopted in all health-related data collection (Osério, 2003). Figure 3.2.2 allows a closer
look at the trends in the absolute number of deaths according to gender and race; the y-axis is divided in
two sections given the considerably larger amount of deaths occurring amongst whites — the largest share

of the population, in contrast with the remaining groups.

The absolute number of deaths for males is higher than that of females for Whites, Mixed, and Blacks,
with an overall upward trend for the time interval observed; for the Asian and Indigenous groups, the
number of observations is minimal, so no clear pattern is observed. The clear downward trend observed
for the category “missing” suggests an improvement in the data quality, with a decreasing number of death

certificates where no race information is available.

34



Figure 3.2.2 — Total Deaths by Gender and Race: Sio Paulo, 2010 to 2019
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Note: Does not consider records with missing gender information (0.02% of the total deaths).

Figure 3.2.3 — Deceased’s Racial Composition

Sao Paulo, 2010 and 2019 (White, Mixed, and Black)
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Note: The percentages presented consider only individuals categorized either as White, Mixed, or Black.
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Figure 3.2.3 shows the relative share of individuals categorized either as White, Mixed, or Black
according to the availability of such information on the death certificates; a pattern similar to that observed
in the population is evident, with a diminishing share of deaths attributed to Whites and an increase for
Mixed and Blacks. Nevertheless, it is crucial to take a step back and consider that any race information
available on death records originates from categorization; thus, it could be subject to the same whitening
effect observed in the studies that discussed different racial classification methods. No studies have
attempted to measure this effect on death records; however, it is a reasonable argument, as this effect is

directly associated with the method used.

The previous analyses help highlight general trends in the data; however, they are insufficient in that they
do not provide any information about the age distribution of the deaths or allow for more in-depth
comparisons between groups. To further advance in the analysis of mortality trends by racial groups, age-

specific mortality rates must be used, or in this case, race-age-specific mortality rates.

Figure 3.2.4 — Race-Age-Specific Mortality Rates (Log Scale):
Sao Paulo, 2010 to 2019 (White, Mixed, and Black)
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Notes: (1) Does not consider records with missing gender information (0.02% of the total deaths); (2) Considers the average
number of deaths between 2010 and 2019.

When expressed in terms of the population, the race-age-specific mortality rates indicate a similar
pattern and level for Whites, Mixed, and Blacks; in general, death rates for the Mixed category seem to be
higher for females, starting at age 10, and for males, starting at age 35. Whites and Blacks show a very
similar pattern for most ages, with exceptions made for the age interval 1 to 24 for females and 0 to 14 for
males, where mortality for Blacks is higher. Furthermore, the increase in the share of deaths assigned to

Mixed and Black populations does not seem to reflect in increased mortality rates for these groups; Figure
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3.2.4 shows that the effect of changes in the racial composition of the population seems to have a more

significant effect than that of the death records.

Following the previously discussed approach, where the Whites are compared to the group formed by
grouping Mixed and Blacks, Figure 3.2.5 presents the race-age-specific mortality rates for these two groups.
In this case, the pattern of an increase in mortality for the “Mixed & Black” racial group becomes apparent,
with a disadvantage in survivorship for this group at most of the age groups, with an exception made to

young-adult males (ages 14 to 29), with similar levels of mortality.

Figure 3.2.5 — Race-Age-Specific Mortality Rates (Log Scale):
Sdo Paulo, 2010 to 2019 (White, Mixed & Black)
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Sources: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Data Limitations

The findings discussed in the previous subsection do not exist outside of a context where data are
imperfect — missing information, underreporting, and biases related to how death certificates are filled out
can distort the analysis in more than one way. Unlike what was observed for the data on population

estimates, missing values are observed for all variables - age, gender, and race.

Jorge et al. (2007) argue that the data quality from SIM has improved significantly over time, which
seems to be the case, as missing values in the age and race variables decreased significantly and steadily
between 2010 and 2019, with the share of death records without any race information decreased from
5.21% in 2010 to 1.55% in 2019. Evaluating the complete period, only 0.44% of missing values were

observed for age and 0.02% for gender; the share of death certificates with missing race information is
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higher than that of the other two variables, around 3.15%. Table 3.2.1 summarizes, by variable and year,

the missing values in the database.

Table 3.2.1 — Missing Values by Variable and Year: Sdo Paulo, 2010 to 2019

Year Age Gender Race

2010 1,679 (0.63%) 61 (0.02%) 13.792 (5.21%)
2011 1,583 (0.59%) 65 (0.02%) 13.080 (4.84%)
2012 1,550 (0.57%) 64 (0.02%) 12.583 (4.65%)
2013 1,490 (0.54%) 62 (0.02%) 11.250 (4.06%)
2014 1,520 (0.54%) 75 (0.02%) 8.694 (3.09%)
2015 1,183 (0.41%) 66 (0.02%) 7.813 (2.72%))
2016 1,066 (0.36%) 68 (0.02%) 6.866 (2.32%))
2017 927 (0.31%) 71 (0.02%) 5.522 (1.87%y)
2018 800 (0.27%) 66 (0.02%) 5.324 (1.78%y)
2019 701 (0.23%) 56 (0.02%) 4.751 (1.55%)
Total 12,499 (0.44%) 654 (0.02%) 89.675 (3.15%)

Source: Own calculations from DATASUS.

Note: “Age” refers to the availability of the deceased’s date of birth.

Since race is a fundamental dimension of the analysis presented here, a closer look at the age
distribution of the missing racial information sheds light on potential age-specific biases. Figure 3.2.6 shows
the distribution of these missing values by 5-year age groups; the first noticeable pattern is that the share of
death certificates with racial information available increased for all age groups, in consonance with the
results from Table 3.2.1. Furthermore, the age group comprised of individuals aged 0 to 4 is the one where
the most information is missing for all years and both genders; the remaining age groups present a constant

level of incompleteness, with slight variations for all years.
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Figure 3.2.6 — Evolution of Missing Values Regarding Race on Death Records by
5-Year Age Groups, 2010 to 2019
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Note: Results do not consider registers with missing gender information (0.02% of the total deaths).

Unfortunately, it is beyond the scope of this thesis to define a criterion to assign a race to the death
certificates that do not contain this information (about 3.15% of the total); thus, these observations were
excluded from the analysis. The same procedure was followed for observations where the date of birth
(0.44%) or the gender (0.02%) was missing. After accounting for records with multiple variables missing

and excluding said elements, 96.46% of the original observations remained, which was assumed to yield

consistent results.

Apart from the question of whether all information present in a death certificate is filled out, one
should also account for the fact that not every death that happens is recorded. In theory, when a person
dies, a new death certificate is filled out; however, it is well-known that despite historical efforts to improve
the quality of the data available, deaths still go unregistered in Brazil. Several studies have investigated this
issue and concluded that the underreporting of deaths in Brazil reduced significantly over the past decades,
and in states such as Sdo Paulo, death registration data is complete (Lima & Queiroz, 2014, 2014; Queiroz
et al.,, 2017, 2020). Given the existence of extensive evidence that death counts are complete for the total

population in S3o Paulo, it would be reasonable to assume this would also be the case when the population

is broken down by racial groups.
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The use of categorization for race assignment in the data sources is yet another limitation. The race-
age-specific mortality rates presented use data from distinct sources: the numerator, namely the average
death counts, was obtained from SIM, where race is assigned by categorization — usually performed by the
attending physician; the denominator (population estimates) on the other hand, come from the 2010 census
and the 2019 PNAD-C, sources that use identification for race assignment. This numerator-denominator
bias, as described by Chiavegatto Filho et al. (2014), illustrates the hypothetical situation where the race
information for one individual varies when dead (numerator) to the one assigned when alive (denominator),

which would systematically distort the race-age-specific mortality rates.

A search of the relevant literature yielded no articles evaluating if the racial information from the death
certificates matches that from when this individual was alive, but instead on assessing the convergence or
divergence between identification and categorization (Osoério, 2003; Petruccelli & Saboia, 2013; Telles,
2002). Nevertheless, it is reasonable to assume the whitening effect observed in studies comparing
identification and categorization in the population also plays a role here. Under this hypothesis, individuals
who identified as Black while alive would be categorized as Mixed or White on their death certificate, and
those who identified as Mixed would be categorized as White; this phenomenon would act in the opposite
direction as the movement observed in the population, where more and more individuals move from the
White racial group to either Mixed or Black. The choice to unify the Mixed and Black racial groups reduces
the possible transitions across racial groups while also minimizing biases from the numerator-denominator

bias.

This set of limitations creates an exciting scenario; regardless of the assumption that death counts by
gender and race would show high levels of completeness, this evaluation is constructive, as it also adds to
the discussion regarding the potential whitening effect or numerator-denominator bias associated with
categorization by serving as an indicator of the agreement between the data on race, when assigned by
identification, and categorization in a context where an increasing share of the population identifies as either

Mixed or Black in detriment of White.
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4 Methods

The chapter on the methods applied is divided into three sections. The first section discusses Death
Distribution Methods, which are widely used to assess and correct mortality data with completeness issues.
Section 4.2 overviews the primary techniques for producing life tables and proposes an indirect life table
method. Section 4.3 introduces a method for decomposing differences in life expectancy across races and
genders at birth. This straightforward division offers a clear breakdown of the methodologies, addressing
completeness issues, proposing alternatives for limited data quality scenarios, and examining differences in

life expectancy.

4.1 Death Distribution Methods

Death distribution methods (DDM) are tools used to assess the completeness of adult mortality data
collected from CRVS systems. These methods work by comparing two age distributions: the one of the
living with the one of the deceased. DDMs serve as demographic indicators of registration systems’ death
data quality. (Hill et al., 2009). To put it simply, these methods link the age pattern of a population with the
age pattern of the observed deaths using a demographic identity (Moultrie et al., 2013). This allows for an
assessment of how much of the death counts are accounted for and enables adjustments to mortality
estimates if needed. Although DDMs rely on strong assumptions, they are widely used, especially in research
examining mortality in countries where CRVS data is suspected to be incomplete (Castanheira & Monteiro

da Silva, 2022; Glei et al., 2019, 2021; Queiroz et al., 2020).

The most used methods fit into one of two groups, varying according to how the population’s age
pattern and the age pattern of the observed deaths are linked. On the one hand, growth balance methods
are based on the balancing equation of population change, which states that a population varies between
two points in time due to births, deaths, and net migration. On the other hand, synthetic extinct generations
methods use the observation that the share of the population alive at a point in time must equal the total

deaths from that cohort from that point forward for all ages (Moultrie et al., 2013; United Nations, 1983).
Growth Balance Methods

Initially proposed by Brass (1975), the growth balance method is based on the idea that in a stable
population with no migration, constant reporting of deaths across all age groups, and accurate census
enumeration, the population only changes due to births and deaths within a given period. This relationship
also applies to age groups in the population; in this case, births are the number of individuals who have had
a birthday or moved to the next age group. Equation 4.1.1 below describes this exact relationship for closed

populations.

Po(x+)=P,(x+)+B(x+)—D(x+) (4.1.1)
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This equation can also be expressed as demographic rates; under the assumptions of no migration,
constant reporting of deaths across all age groups, and accurate census enumeration, the population’s
growth rate equals the difference between birth rate (also referred to as birthday rate) and death rates. It is,
then, possible to assess to which extent deaths are under-reported. Let d°(x +) denote the death rate
obtained from the observed death counts; assuming these death counts are under-reported to a constant
level of ¢ for all age groups, an estimate for the completeness is obtained from the slope of the regression
equation fitted to the d°(x +), b(x +) — r(x +) data points (Moultrie et al., 2013), as shown in Equation
4.1.2.

b(x+)—r(x+)=d°(x+)/c (4.1.2)

Brass’ method is a simple approach that requires only two pieces of information: the population at a
single point in time and the total deaths by age group (Moultrie et al., 2013). However, it comes with a
caveat — it assumes a stable population, meaning that age-specific fertility and mortality rates remain
constant. Hill (1987) proposed a more flexible approach called the Generalized Growth Balance (GGB)
method to address this issue. This method does not require the stable population assumption and can be
used when data from two censuses and death counts from the intercensal period are available by age group.

With this information, the constant rate is replaced by age-specific growth rates (Moultrie et al., 2013).

It is essential to emphasize the assumptions from Hill's GGB method: the population is closed to
migration, and the reporting of deaths across all age groups is constant. The assumption of the accuracy of
census enumeration still holds; however, as the method uses age-specific growth rates, which are obtained
from populations at two different points in time, enumeration may vary between censuses. Let k; and k;
indicate the accuracy of enumeration between the first and second censuses, respectively; Equations 4.1.3a

and 4.1.3b define P; (x +) and P,(x +) as a function of the observed population estimates.

Pi(x+) =P (x+)/ky (4.1.3a)

Py(x+) =P (x +)/k; (4.1.3b)
kq and k; are correction factors for enumeration problems, such as under- or over-counting.

Equation 4.1.4 presents a formalization of the GGB method; it describes a linear relationship between
the death rate expressed as the difference between the observed birth and growth rates and the observed
death rate obtained from the death counts from the intercensal period; it is then, possible to estimate the

completeness of the death counts and completeness of enumeration for each of the two censuses).

bx 4) — r(x 4) = [ln(k1/k2) /(t2 B tl)] +do(x +) x [(k1 X kz)“/c] “1.4)
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When estimating 7(x +), the enumeration of census populations used may not be complete. However,
the assumption that k; and k; ate the same for all age groups makes it possible to solve for the value of ¢

by calculating the slope of the line fitted to the b(x +) — r(x +), d°(x +) data points (Moultrie et al.,
2013).

Synthetic Extinct Generations Methods

While growth balance methods are described by the balancing equation of population change,
synthetic extinct generations methods originate from a different concept. Consider a birth cohort: in the
absence of migration, at any given time, the number of individuals from this cohort equals the future
number of deaths to those individuals until the last survivor has died. If this expected future death stream
is estimated from the observed deaths for a particular year or calendar period, an estimate for the number
of individuals alive at that time can be obtained. The ratio between this estimate and the actual number of
individuals is a measure of the completeness at which deaths are registered (S. Preston et al., 1980; United
Nations, 1983). Furthermore, if the population is stable, an exact relationship can be written for the

population size and the observed deaths.
w
N(x) = 2 D°(a) x e™(@~x) 4.1.5)
a=x

Equation 4.1.5 summarizes the principle behind the Preston and Coale method (S. Preston et al., 1980).
Assume N (x) is the observed number of people aged x and N (x) is the number of people aged x obtained
from the observed death counts from age x and higher. If deaths for this population are not fully registered,
N(x) < N(x), and the ratio N(x)/N(x) estimates the degree of completeness of death counts for ages x

and over (Moultrie et al., 2013).

c= i N(x)/i N(x) (4.1.6)

The Preston and Coale method also relies on the same strong assumptions the Growth Balance
method did, namely that the population is stable, migration is negligible or inexistent, and that reporting of
deaths across all age groups is constant. Like Hill’s version of the Brass’ growth balance method, Bennett
and Horiuchi (1981) proposed using two different censuses for the population counts to eliminate the stable
population assumption. By computing age-specific growth rates, the method can be applied to non-stable
populations; however, unlike the GGB method, Bennett & Horiuchi’s approach does not provide
correction factors for population estimates. This version of the method is known as the synthetic extinct
generations (SEG); using this approach, N(x) is obtained by age segments, and the number of people who

turned x is obtained as shown in Equation 4.1.7.

43



NG =N(x+5) x e 5"« + D% X e* 5 for x < w (4.1.7)
for the last age group, the calculations are as shown in Equation 4.1.8.
2
(@) = wby X (w700 = (7, x €,)/6) 4.1.8)

The GGB-SEG method

There is no consensus in the literature on the most appropriate approach. However, the GGB and
SEG methods are better options than their predecessors because they do not require the assumption of
stable populations. Nevertheless, as Agostinho and Queiroz (2016) pointed out, each method has its
strengths and weaknesses. On the one hand, GGB provides more accurate results when the census
enumeration varies over time. On the other hand, SEG estimates are less affected by errors in age
declaration. To combine the most robust features of each method, Hill et al. (2009) proposed a new, mixed
method called GGB-SEG. The method’s rationale is very straightforward: first, the census enumeration is
assessed using GGB; then, the census data is adjusted for problems with enumeration, and then

completeness is measured by applying the SEG method.
Methods’ Limitations

Hill et al. (2009) evaluated the performance of these methods; the authors used non-stable populations
with complete mortality data and simulated a series of data distortions. Their main findings indicate that
the methods perform as expected when the data errors correspond to those the methods were designed for
and when no assumptions are violated. Furthermore, results are also reliable in the presence of age
misreporting, either in the population estimates or death counts. However, all methods yield distorted
results if death coverage varies systematically with age or in the presence of significant migration flows (Hill

et al., 2009).

Different alternatives deal with distortions caused by migration. On the one hand, Hill et al. (2009)
approach this issue by suggesting that age groups more affected by migration flows should not be
considered when estimating the completeness of death counts; they claim that this simple adjustment
reduces distortions significantly. On the other hand, Hill and Queiroz (2010) propose a sophisticated
approach, adjusting the GGB method to account for such flows; the authors found that this adjusted

method yields good results for countries with high-quality data and large migration flows.

The DDM R-package (Riffe et al., 2017) was utilized to estimate completeness using the GGB, SEG,
and GGB-SEG methods. Hill and Queiroz’s methodology is not included in the package. The package’s

authors’ approach was employed to determine the age range for each method, which is the age range with
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the smallest root-mean-square error. This approach aims to mitigate distortions that could be observed due

to migration, although it does not directly address distortions caused by migration.

4.2 The Life Table

As presented in the previous section, Death Distribution Methods aim to measure and produce
correction factors for CRVS mortality data in populations affected by completeness issues. In such a
context, careful data quality evaluation is necessary before computing mortality estimates (Queiroz et al.,
2020). The most popular demographic tool for measuring mortality is the life table; traditionally, life tables
start with an “age” column, which is followed by several age-related functions that serve as different

measurements of mortality, survivorship, and life expectation (S. H. Preston et al., 2001; Siegel et al., 2004).

A life table can be described as a set of different pieces that, together, paint a picture of the extinction
of a birth cohort (S. H. Preston et al., 2001). This approach calls for what is known as cohort life tables.
Although conceptually very intuitive, producing cohort life tables requires high-quality time-series data.
Because it mirrors the whole lifetime of the collective of individuals in a birth cohort, its members must be
tracked throughout their lifetime, and the life table functions can only be calculated after the last member
of that group has died. Furthermore, estimates obtained from a cohort life table do not reflect current
mortality and health conditions but rather the conditions that individuals born several years ago were

subjected to (Foz, 2021).

Due to the apparent challenges in computing the life table functions for actual birth cohorts,
demographers use synthetic cohorts to produce period life tables. Instead of observing the complete
mortality experience of a birth cohort to calculate the life table functions, period life tables reflect what
would happen to a theoretical birth cohort if it was subjected to the current mortality conditions, defined
as the observed age-specific mortality rates in a point in time (S. H. Preston et al., 2001); this assumption
still allows for the calculation of all life table functions, and the estimates reflect more recent mortality
conditions. However, interpreting these functions requires caution, as period life tables are conditioned to

the hypothesis that the current age-specific mortality rates will remain constant in the future (Foz, 2021).

Besides the distinction between cohort and period life tables, many other specifications are used to
produce life tables. The length of the age groups presented characterizes complete and abridged life tables.
A complete life table’s functions are computed for every year of life; in an abridged life table, intervals of 5
or 10 years of age for most of the age range are used. Siegel et al. (2004) argue that, for most purposes,

abridged life tables present detailed enough information.
Standard Abridged Period Life Table Method
Standard period life table techniques are widely discussed and presented in textbooks (Foz, 2021; S.

H. Preston et al., 2001; Siegel et al., 2004; Wachter, 2014). In such cases, these life tables are derived from
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observed age-specific mortality rates, denoted as ,M,, which are then converted into age-specific
probabilities of death (nqx). There are different approaches to do such conversion; however, the key

aspect is the estimation of the separation factor ( ,,a, ) for each age group.
p p nlx ge group

The separation factor expresses the average number of years lived between ages X and x + n by
persons who were alive at age X, but died before reaching x + n. A frequent approach is to assume that for
all age groups above five years of age, deaths happen halfway through the age interval; for mortality under
tive years of age, the approach proposed by Coale and Demeny (1983, as cited in S. H. Preston et al., 2001)
is often adopted. Due to data quality limitations, the chosen approach for this thesis was to have the first
age group from age O until age 4; in this case, the separation factor, as proposed by Wachter (2014), is 1.5.
Table 4.2.1 below summarizes the traditional structure of a period life table with the appropriate definitions

and formulas.

Table 4.2.1 — Life Table Functions

ny is a factor that expresses the average number of years lived between ages x and x + n by
persons who were alive at age X, but died before reaching x + n.
nly = 15if0 < x <5and pa, ="/, ifx 2 5.
nQx  1sthe probability of a person aged x dying before reaching age x + n.
Gy = (n X nmx) /
X (14 (n— nay) X ,my)
L, . is the size of a birth cohort of initial size [y after X + n years.
ly=1forx+n>0: L, =1, X (1 - an)
nd, ¢ isthe number of deaths of members from the birth cohort that happened between ages x and
x+n.
ndyx =l = lyyn
oL, ¢ isthe number of person-years lived by the members of the birth cohort who are still alive at
age X.
nlxy =N X Lin + nayx X pdy; for the open-ended interval, oL, = lx/ m
oo EX
T, : is the number of future person-years lived by the members of the birth cohort who are still

alive at age X, until the extinction of this cohort.

%)
Ty =2 nLa
a
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Table 4.2.1 — Life Table Functions

e, @ Isthe average number of years to be lived from age X, more commonly referred to as the life
expectancy at age X.

T,
ey = x/lx

Sources: Foz (2021), Wachter (2014), and S. H. Preston et al. (2001).

However, standard life table techniques can yield distorted results in contexts such as the one described
in this thesis, where the data imposes quality, enumeration, and completeness limitations. Alternative
approaches to estimating the life table functions can significantly benefit the results. Previous research on
similar topics to this thesis has suggested that the Bennett and Horiuchi method (1984) is a more adequate
choice (Cunha et al., 2016; Metli, 1998; Paixao et al., 2010; S. H. Preston et al., 1996). This method uses

age-specific growth rates and recorded deaths by age to derive the life table functions.
Alternative Approach: The Bennett & Horiuchi Method

This method is an extension of a relationship proposed by S. H. Preston & Coale (1982). The idea behind
this relationship is that the age distribution of the observed deaths can be converted into the age distribution
of the underlying life table by applying a growth correction factor (Bennett & Horiuchi, 1984; S. H. Preston
etal., 1996; S. H. Preston & Coale, 1982). Equation 4.2.1 below, describes said relationship: d(x) and d(y)
denote the deaths from the undetlying life table at ages x and y (x < ¥), D(x) and D(y) ate the observed
deaths in the population, and r(a) is the annualized growth rate of the population at exact age « (Merli,

1998; S. H. Preston et al., 1996).

d(y) _ D(}’) v efxyr(a)da

6 =700 (4.2.1)

From Equation 3.3.1, all life table functions previously described can be obtained; Table 4.2.2
summarizes the main changes in the life table functions under the Bennett and Horiuchi method and their
assumptions. It is essential to highlight that the interpretation of these functions is similar to what is

summarized in Table 4.2.1.

Table 4.2.2 — Life Table Functions (Bennett & Horiuchi, 1984)

. _ y
The correction factor is discretely approximated as: ek T(@da — gnx(ary-ntarx)/2

nly = pdy_n X ndx/ , for the first age group: ndo = nDo.
ndx—n
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Table 4.2.2 — Life Table Functions (Bennett & Horiuchi, 1984)

nly =X Lin + nay X pdy , for x < w,and 4a9 = 1.5 for both genders and all races.

wly =1l X loglo(lw)

Source: (Cunha et al., 2016).

Similatly to the Death Distribution Methods discussed in the previous section, this approach also
requires that migration flows are small enough not to distort the growth rates significantly and that
incompleteness — if existing — is constant for all age groups. Because this work deals with life expectancy at
birth at a subnational level, further disaggregated by gender and race, possible distortions in the growth rate
due to migration flows must be addressed; in this regard, to minimize biases, the growth rates calculated
consider only the gender dimension, regardless of which race individuals identify themselves with, as

proposed in Paixao et al. (2010).

4.3 Arriaga’s Decomposition

This thesis aims to evaluate and highlight differences in life expectancy at birth of subpopulations in
Sao Paulo, namely, racial groups and genders. On the one hand, directly evaluating the gap in life expectancy
at birth between the racial groups is very straightforward and indicates potential differences in the mortality
conditions. However, the change in age-specific mortality rates might not happen in the same magnitude
or direction for all age groups; in this case, the understanding of at which age mortality conditions present
the most significant differences between groups and the direction of such changes allows for a more

accurate examination of the drivers behind the variation of life expectancy.

Different authors proposed methods to decompose differences in life expectancies into the
contributions of different age groups. In this analysis, differences in life expectancy at birth by gender and
race are decomposed using the method introduced by Arriaga (1984). The author uses the concept of
temporary life expectancies — a measure of the number of years a person is expected to live within a specific
age range, to analyze how changes in mortality within specific age groups directly impact the overall life

expectancy.

Arriaga argues that the effects of mortality change based on different age groups on life expectancy at
birth can be categorized into two types: (1) effects attributed to the change in mortality conditions within a
particular age group, the “exclusive effect”, and (2) the effect of the interaction between the exclusive effect
of each age group and the overall effect, the “interaction effect”. It is important to note that the exclusive

effect for an age group assumes mortality conditions remain unchanged for the remaining age range.
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Moreover, he theorizes that the exclusive effect affects life expectancy directly and indirectly. While
the direct effect reflects the result of changes (positive or negative) in life years within a particular age
interval, the indirect effect measures the change in life years due to changes in the number of survivors at
the end of the age interval from a mortality change within a specific age group (Arriaga, 1984). These effects
are additive, that is, when added together, the direct and indirect effects result on the exclusive effect that

a given age group has on explaining differences in the life expectancy.
g ge group p g p y

The direct effect relates to the idea that once mortality conditions have changed within the [x, x + n]
age group, individuals living through these ages will live a larger (or shorter) number of years than before
(Arriaga, 1984). Mathematically, it equals the difference between life expectancy measured for groups @ and
b within the [x, x + n] age group, multiplied by the ratio between the number of survivors at exact ages x

and 0 for the first group, as shown in Equation 4.3.1 below.

LP L4 4
DE. = XX X)X 43.1

The rationale behind the indirect effect is that the changes in age-specific mortality rates within the

age group will also impact the number of survivors that reach the following age group, making this group

larger or smaller. The change in the number of sutvivors, denoted as ,CSy is shown in Equation 4.3.2.

lb
2CS, =12 x % —19,, (4.3.2)
X

This new group of individuals will continue to live according to the same age-specific mortality rates
to which the remainder of the population are subjected to. Equation 3.4.3 shows the formula to calculate

the indirect effect.

CS T& 12 x 12
IE, = % x el = ’;;n X < > X 1) (4.3.3)
0 0 lx+n X lx

The exclusive effect is defined under the assumption that mortality conditions change exclusively
within the age group under analysis; however, this assumption does not allow for capturing the effects due
to changes in mortality at all ages. The interaction effect captures the how the change in the age-specific

mortality rates affects the years of life to be added (or deducted) to life expectancy at birth due to the new

group of survivors (,CSy) to reach age x + n. Equation 4.3.4 shows the mathematical relationship that

defines the interaction effect.
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The total effect of the age group [x,x + n] on the difference in life expectancy at birth is then
equivalent to the sum of the direct, indirect, and interaction effects — as presented in Equations 4.3.1 to
4.3.4. The analysis conducted here uses only the total effect to shed a light in the differences of life

expectancy at birth according to racial groups and genders.
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5 Results

The chapter discussing the results is divided into three sections. First, the main aspects regarding the
evaluation of the completeness of death counts by race are presented. The following section focuses on the
life tables produced: life expectancy at birth is presented considering unadjusted and adjusted race-age-
specific mortality rates using the three different DDM methods presented and the standard life table
method; moreover, life expectancies obtained from the application of the Bennett and Horiuchi method
are also presented. Finally, the main findings regarding the decomposition of the differences in life

expectancy at birth by race and gender are shown.

5.1 Completeness of Death Counts

To reach the goal of decomposing life expectancy gaps across racial groups and genders, the first step
is to use of DDMs to assess completeness of death counts by gender and race. Despite the evidence present
in the literature attesting the quality of CRVS mortality data in Brazil, no studies have attempted to include
race in their analysis. With the previous knowledge that death counts for the state of Sio Paulo are complete,

a high level of completeness would be expected for all racial groups.

Completeness was evaluated according to the generalized growth balance (GGB), synthetic extinct
generations (SEG), and the mixed GGB-SEG methods using the DDM R-package (Riffe etal., 2017). Table
5.1.1 presents a summary of the main results obtained from the application of the methods; in addition to
the completeness levels, the last column shows the ratio between parameters k; and ks, as defined in
Equations 4.1.3a and 4.1.3b. This ratio indicates differences in the enumeration of the censuses from where
population estimates were obtained. If the ratio k1 /K is greater than 1, then enumeration in the first census
was better than that of the second, which indicates it worsened between the two censuses; however, a ratio

smaller than 1 indicates an improvement in the census enumeration.
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Table 5.1.1 — Summary Of Results Death Distribution Methods

White
Gender GGB SEG GGB-SEG Delta (k1/k2)
Female O 103.44% 77.51% 109.29% 1.06
Male @ 100.13% 85.10% 102.40% 1.04

Mixed & Black

Gender GGB SEG GGB-SEG Delta (k1/k2)
Female @ 53.19% 143.45% 80.40% 0.91
Male @ 76.58% 103.11% 73.62% 0.92

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Notes: (1) age range 15 to 50; (2) age range 15 to 60; (3) age range 15 to 50; (4) age range 25 to 60.

Results from Table 5.1.1 for Whites are presented and discussed first. It is worth noting that the
correction factors obtained by the application of GGB indicate a slight “over-reporting” of death counts
for females (around 3.4 pp) and complete death registration for males. Conversely, SEG estimates indicate
severe under-reporting, 22.49 pp for females and 14.9 pp for males. Results for the mixed GGB-SEG
method are closer to the GGB estimates, showing that death counts could be over-reported by 9.29 pp for

females and 2.40 pp for males.

The analysis of the results obtained for the Mixed & Black group goes the opposite. Estimates from
the application of the GGB method show deaths are under-reported by 46.81 pp for females and 23.42 pp
for males. In the opposite direction, SEG estimates show that deaths of Mixed & Black are over-reported
for females and males by 43.45 pp and 3.11 pp, respectively. As was the case for White deaths, applying the
mixed GGB-SEG method yields similar results to the GGB method; however, completeness for females is

about 27.21 pp higher when compared to the GGB estimates, while slight variation is observed for males.

Divergence is evident in the completeness estimates when different methods are considered,
particularly when the GGB and GGB-SEG are compared to the SEG method, regardless of the racial
group. The “delta” column is helpful to understand why this is happening. As previously discussed, delta
(ky/k3) measures the variation in census enumeration; while for Whites, the ratio is greater than 1, for
Mixed & Blacks, it is smaller. This phenomenon results from racial reclassification, as described in section
3.1 (see Figure 3.1.5); between 2010 and 2019, the share of individuals that identified themselves as White
declined while the share of Mixed & Blacks increased, which appears in the results as an enumeration-like

problem.
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The literature indicates that GGB and GGB-SEG methods perform better than the SEG method
when there are variations in enumeration between censuses, which suggests that GGB and GGB-SEG may
provide more accurate completeness estimates. for these methods, delta could be interpreted as a measure
of changes in the racial composition of the population due to racial reclassification. However, it is essential
to note that racial classification is not the same as enumeration; racial classification is a process closely
related to intensified Black political activism (Miranda, 2015) while enumeration deals with problems such
as under- or over-counting the population. Results from the SEG method are affected to an even greater
extent by racial reclassification; as shown by Hill et al. (2009), SEG is quite sensitive to variations related to
enumeration. The completeness estimates for this method are particularly distorted for the Mixed & Black
racial group; Figures B.2, B.4, B.6, and B.8, available in Appendix B, show the model is considerably ill-
fitted for this group. Regardless of the limitations discussed when DDMs are applied to evaluate
completeness by racial groups, life expectancy at birth by gender and race is presented using the unadjusted

and adjusted death rates.
Robustness Check

As the results presented seem to suffer from potential distortions, in order to assure the methods were
correctly applied, the White and Mixed & Black racial groups were grouped together and completeness was
reassessed by gender using the GGB, SEG, and GGB-SEG methods. Results are presented in Table 5.1.2.
Unlike what was observed in Table 5.1.1, all methods indicate very high completeness estimates, regardless
of the gender; completeness levels are above 95% in all cases, in line with the findings presented by Lima &
Queiroz (2014), Queiroz et al. (2017, 2020). The measure of variations in census enumeration does not show

evidence that combining data from the 2010 census and the 2019 PNAD-C distorted results.

Table 5.1.2 — Robustness Check of Death Distribution Methods

Gender GGB SEG GGB-SEG Delta (k1/k2)
Female ® 98.02% 99.45% 95.96% 0.99
Male @ 100.13% 98.06% 97.69% 1.00

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
Notes: (1) age range 30 to 65; (2) age range 30 to 75.
5.2 Life Expectancy at Birth

Following the analysis of completeness of death counts by gender and race, the next step is to calculate
the life expectancy at birth for females and males, according to the two racial groups investigated in this

work. The calculation of life expectancy considered unadjusted and adjusted death rates. As discussed in
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section 4.2, the life tables presented here consider two different approaches: the first one is, arguably, the
most frequent version and it is often presented in textbooks — which is usually derived from observed age-
specific mortality rates; the second one is based on the work of S. H. Preston & Coale (1982), and the life

table is derived from age-specific growth rates and recorded deaths by age.
Standard Life Table Method

The first step to build a life table following the standard method is to compute the race-age-specific

mortality rates ( ,My) and from this set of rates, detive all the remaining functions detailed in Table 3.3.1.

Figure 5.2.1 presents the unadjusted and the adjusted race-age-specific probabilities of death for the White
and Mixed Black groups by gender. Compared to the unadjusted probabilities, the adjustment by the GGB
method emphasizes increased mortality for Mixed & Blacks — across most age groups for females and from
age 15 to 59 for males. When adjusted by the SEG method, the opposite is observed: mortality for Whites
is higher throughout the whole age range for females and males. Finally, the GGB-SEG approach yields
very similar probabilities of death for females across all ages and slight differences for males, with a

disadvantage for Mixed & Blacks between ages 15 to 59.
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Figure 5.2.1 — Unadjusted and Adjusted Probability of Death
(GGB, SEG, and GGB-SEG)
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Notes: (1) for GGB, SEG, and GGB-SEG, the correction factors were applied to all age groups from 0-4 to 85+;

(2) completeness factors were limited to 100%.
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Table 5.2.1 shows life expectancy at birth calculated using the standard life table technique under four
different scenarios: the first considers unadjusted death rates while the other three observe rates adjusted

according to the results from the GGB, SEG, and GGB-SEG methods.

Table 5.2.1 — Life Expectancy at Birth in Years by Gender and Race,
Unadjusted and Adjusted Rates

Female
Race Unadjusted GGB SEG GGB-SEG
White 77.95 77.95 (=) 74.48 (1) 77.95 (=)
Mixed & Black 81.76 73.91 () 81.76 (=) 79.36 (¥)
Race Gap -3.81 4.04 -7.28 -1.41
MALE
Race Unadjusted GGB SEG GGB-SEG
White 71.11 71.11 (3 68.66 (V) 71.11 (3)
Mixed & Black 74.85 71.38 (¥) 74.85 (=) 70.79 (¥)
Race Gap -3.74 -0.27 -6.19 0.32

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: for the GGB, SEG, and GGB-SEG columns, the correction factors were limited to 100%, then applied to all age groups
from 0-4 to 85+.

Assuming life expectancy at birth estimates from unadjusted race-age-specific mortality rates as the
baseline, Mixed & Black seem to live longer lives than their White counterparts regardless of gender. On
average, Mixed & Black females live an additional 3.81 years compared to White females; for males, the

advantage is slightly smaller, 3.74 years.

Before discussing life expectancy estimates from DDM-adjusted mortality rates, it is necessary to
clarify that completeness factors were limited to 100%; thus, for some cases, life expectancy will remain
unchanged. To further assist in interpreting the results, the upward and downward arrows and the equal
sign in the table indicate how life expectancy at birth changed compared to the estimates from the

unadjusted rates.

Results from GGB-adjusted death rates show a different scenario compared to the baseline: while life
expectancy for Whites does not show any variation (77.95 years for females and 71.11 years for males), the
estimates for the Mixed & Black racial group show a significant decline (-7.85 years for females and -3.45

years for males). This decline shifts the previously observed Mixed & Black advantage in survivorship;
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White females have a 4.04-year advantage over Mixed & Blacks, while the difference observed for males is

now close to zeto.

Moving towards the opposite direction, results from SEG-adjusted death rates show life expectancy
for Whites declining (-3.47 years for females and -2.45 for males) while estimates for Mixed & Blacks remain
constant (81.76 years for females and 74.85 for males). These results aggravate the race gap in life
expectancy observed in the baseline estimates; for females, the gap increased 1.91-fold and 1.65-fold for
males. Finally, results from the mixed method show a reduced life expectancy for Mixed & Blacks (-2.40
years for females and -4.06 for males); such reductions paint a picture of convergence in life expectancy

across races: for females, the racial gap in life expectancy is of -1.41 years while for males, only 0.32 years.

From the results presented, it becomes clear that racial reclassification is a challenge when calculating
race-age-specific mortality rates; the decline in the share of individuals identifying as White, accompanied
by an increased share of the population identifying as Mixed or Black leads to higher mortality rates and
lower life expectancy for Whites when compared to Mixed & Blacks, as seen for the “unadjusted” estimates
for life expectancy. Moreover, the numerator-denominator bias described by Chiavegatto Filho et al. (2014),
associated with a potential whitening effect due to the use of categorization for racial classification in death

certificates can further distort these rates.

While worthy attempts to estimate and adjust completeness in death counts by racial groups, racial
reclassification distorts completeness estimates; furthermore, the application of the census enumeration
correction factor (k1/k;) to minimize the effects of this process does not seem to achieve the goal, with

the GGB and GG-SEG methods resulting in very different life expectancy estimates, especially for females.

In need of more reliable estimates for life expectancy by gender and race, an alternative method is
applied — the Bennett & Horiuchi method. This approach to constructing life tables has been used to
estimate life expectancy for populations with defective or incomplete data (Merli, 1998) and for different
racial groups (Cunha et al., 2016; Paixdo et al., 2010; S. H. Preston et al., 19906).

Suggested Approach: Bennett & Horiuchi (1984)

As previously said, instead of starting the life table from the race-age-specific mortality rates, this
approach derives all life table functions from the relationship between the observed deaths and the growth
rate by age segment. To avoid distortions in the growth rate caused by racial reclassification, the growth
rates used in the estimation ignore the racial component, and were calculated only by gender; that is, the
same growth rates are used for Whites and Mixed & Black, with the only distinction being according to
their gender. It is important to notice that any distortions caused by whitening are not addressed in this
approach; if, in fact death records suffer from a racial classification bias where individuals are more likely
to be assigned a race in the lighter side of the color spectrum, mortality could be even higher for Mixed &

blacks then the estimates produced using the Bennett & Horiuchi method.
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This method choice allows for the estimates to reflect mortality differences as they are shown in the
death counts. Furthermore, as shown in Equation 4.2.1, because the relationship between the life table
deaths and the observed deaths is established based on ratios, reliable life expectancy estimates can be
obtained even if death counts are not complete, as long as the assumption that the level of completeness is
the same across all age groups. Table 5.2.2 shows life expectancy at birth by gender and race estimated

according to: (1) the standard approach without adjustments and (2) the Bennett & Horiuchi method.

In comparison to the life expectancy at birth obtained from the unadjusted race-age-specific mortality
rates, the suggested approach paints a very different scenario. Among females, life expectancy for Whites
is 1.3 years higher than the one estimated using the standard method; for Mixed & Blacks, the difference is
much more significant (-8.68 years). for males, while Whites show a 2.52-year increase, Mixed & Black show
a decrease of 8.40 years. Such variations across methods describe a scenario marked by a significant
advantage in life expectancy at birth for Whites over Mixed & Blacks (6.17 years for females and 7.18 years
for males). These racial differences seem to have such a strong effect that the well-documented advantage
of females over males disappears when life expectancy at birth of Mixed & Black females (73.08 years) is

compared against that of White males (73.63 years).

Table 5.2.2 — Life Expectancy at Birth Race Gap:
Standard Method and Bennett & Horiuchi with Unadjusted nMx

Female

Race Standard Method Bennett & Horiuchi
White 77.95 79.25 (1)
Mixed & Black 81.76 73.08 ()
Race Gap -3.81 6.17

Male

Race Standard Method Bennett & Horiuchi
White 71.11 73.63 (1)
Mixed & Black 74.85 66.45 ()
Race Gap -3.74 7.18

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Figure 5.2.2 highlights the gender and race differences in race-age-specific probabilities of death
computed using the standard life table method with unadjusted mortality rates and Bennett & Horiuchi
method; while for the standard method there is no clear single pattern of differences in nqx, the application
of the Bennett & Horiuchi method shows a clear disadvantage for Mixed & Blacks throughout the age

range.

Figure 5.2.2 — Probability Of Death:
Standard and Bennett & Horiuchi Life Table Methods
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Robustness Check

In a similar approach to the check presented for the DDM and aiming to confirm that the Bennett &
Horiuchi method, suggested to estimate life expectancy at birth, yields reliable results, Table 5.2.3 presents
life expectancy at birth by gender obtained from: (1) Fundagio SEADE, the statistical office of the state of
Sdo Paulo, (2) standard life table method following the specifications presented in Table 4.3.1 with

unadjusted rates, and (3) the suggested approach, following the parameters indicated in Table 4.2.2.

Table 5.2.3 — Robustness Check of Life Table Methods

Gender Official Estimates O® Standard Method Bennett & Horiuchi
Female 79.4 78.53 78.24
Male 73.3 71.76 72.20

Sources: Fundagao SEADE and own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Notes: (1) Obtained from Fundagio SEADE; information is only available rounded to one decimal place.

The results here are very consistent: as expected all estimates presented confirm the increased
expectation of life women have over men. Official estimates from Fundagio SEADE for 2019 show higher
life expectancy at birth for both females and males when compared to the other two estimates; however,
such differences can emerge from methodological differences and a discussion specific to these differences

is beyond the scope of this work.

The convergence between estimates from the standard life table method and the approach proposed
by Bennett & Horiuchi is striking. for females, the difference is -0.29 years (78.24 - 78.53) and 0.44 years
for males (72.20 — 71.76). These results serve as confirmation the method proposed by Bennett & Horiuchi

provides consistent life expectancy estimates.

for the purposes of this thesis, life expectancy estimates by race obtained from the application of the
Bennett & Horiuchi method are considered consistent and will be used to in the decomposition of life

expectancy differences by age groups.

5.3 Age Decomposition of Life Expectancy at Birth Gaps

Using life expectancy estimates obtained using Bennett & Horiuchi’s approach, gender and racial
differences are decomposed using Arriaga’s method; this technique decomposes life expectancy gaps into
three additive effects: (1) the direct effect, (2) the indirect effect, and (3) the interaction effect. All three
describe the outcomes from changes in mortality conditions — namely, in age-specific mortality rates. The

direct and indirect effects describe changes within an age group; while the direct effect measures the
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additional (or decreased) life years lived within the age group due to changes in mortality conditions in that
age group, the indirect effect measures the impact of changes in mortality within the age group have on the
number of survivors that reach the next one and the additional (or decreased) life years to be lived by these
individuals. Finally, the interaction effect measures the effects of changes in mortality at all ages. The total
effect of a given age group in explaining differences in life expectancy is then obtained by adding the direct,

indirect, and interaction effects.

Two different decompositions are presented here: first, the life expectancy racial gap between Whites
and Mixed & Blacks is investigated; next, the attention turns to the gender gap in life expectancy. Results
are summarized in Tables 5.3.1 and 5.3.2, which show the total effect (in years) and the relative weight (in
percentages) of each age group; the direct, indirect, and interaction effects were omitted here, and some age
groups collapsed, exceptions made for the first and last groups. The complete results are available in

Appendix D.
Racial Differences Decomposed across Genders

To start the analysis, Table 5.3.1 shows the decomposition results by racial groups for both females
and males; according to the results presented, White females live, on average, an additional 6.17 years when
compared to theirs Mixed & Black counterparts; the advantage among males is even higher, Whites live
7.18 years more than Mixed & Blacks. Moreover, it is essential to emphasize that Whites have an advantage

in survivorship in all age groups.

Table 5.3.1 — Racial Differences Decomposed across Genders

W - M&B Females W - M&B Males
Age Group
Years % Years %

0-4 0.32 5.22% 0.18 2.52%
5-19 0.22 3.64% 0.53 7.36%
20-39 0.86 13.92% 1.93 26.90%
40-64 2.77 44.89% 3.24 45.07%
65-84 1.77 28.64% 1.19 16.56%

85+ 0.23 3.69% 0.11 1.59%
Total 6.17 100.00% 7.18 100.00%

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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About the distribution of the relative contribution to the racial gap in female life expectancy, it is
imperative to highlight that the age groups 40 to 64 and 65 to 84 are the top two age groups, having the
highest shares of the difference in life expectancy between White and Mixed & Black females; these groups
account for 73.53% (4.54 years). The age groups 20 to 39 and O to 4 are responsible for 19.14% of the
difference, followed by the age groups 5 to 19 and the open age group 85+, each one with 3.67%, on

average.

For the males, the differences in life expectancy are also centered in the 40 to 64 age group, which
accounts for 45.07% (3.24 years) of the 7.18-year gap in like expectancy, followed by the 15 to 39 and
65-84 age groups, adding up to 88.53%, equivalent to 6.36 years. The remaining 0.82 years of the difference
are distributed as follows: 0.53 years attributable to differences in mortality conditions in the 5 to 19 age

group, 0.18 and 0.11 years attributable to the 0 to 4 and the open age group 85+, respectively.

Furthermore, a comparison between the age distribution of life expectancy differences of females and
males is also informative. While differences in mortality conditions in the age group 40 to 64 was responsible
for most of the difference for females and males, the female distribution is skewed towards older ages while
the male distribution is skewed towards younger ages. The comparison between the 15 to 39 and 65 to 84
age groups across genders is an example of that: on the one hand, while the age group 20 to 39 accounts
only for 13.92% of the difference for females, the share is 1.93 times higher for males; on the other hand,
while 28.64% of the female racial gap in life expectancy is attributable to the first age group, the share is
only 16.56% for males (0.58 times smaller). The similar pattern is observed for the 5 to 19 and 85+ age
groups; an important exception is the first age group, differences in mortality in this age group are

responsible for twice as much of the racial gap in life expectancy for females than for males.
Gender Differences Decomposed across Racial Groups

Expanding the analysis presented, Table 5.3.2 shows the decomposition results by gender for Whites
and Mixed & Blacks; this analysis is informative as it allows for comparison related to the racial pattern of
gender differences in life expectancy according. The life expectancy gap between Females and Males is 5.62
years for Whites and 6.63 years for Mixed & Blacks, which indicates that females experience increased

survivorship when compared to males regardless of racial groups.
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Table 5.3.2 — Gender Differences Decomposed across Racial Groups

F - M Whites F - M Mixed & Blacks
Age Group
Years % Years %
0-4 0.13 2.29% 0.00 0.01%
5-19 0.17 2.95% 0.47 7.11%
20-39 0.87 15.45% 1.93 29.03%
40-64 2.33 41.43% 2.86 43.07%
65-84 2.07 36.90% 1.35 20.43%
85+ 0.06 0.98% 0.02 0.34%
Total 5.62 100.00% 6.63 100.00%

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

For the Whites, the age group 40 to 64 has the highest share of the difference in life expectancy
between females and males, accounting for 41.43% (2.33 years) of the difference observed. The remaining
5 groups account for the remaining 58.57% (3.29 years); however, this is not uniformly distributed: 2.07
years are attributed solely to the 65 to 84 age group, which corresponds to approximately 63% of the
difference not attributable to the 40 to 64 age group. Other relevant aspects include the increased male

mortality associated to the o to 4, 5 to 19, and 20 to 39 age groups.

Mixed & Blacks show a similar pattern regarding the age distribution of the gender gap in life
expectancy: most of the difference is related to mortality conditions in the 40 to 64 age group (43.07%, or
2.806 years); however, unlike what was observed for Whites, the age group that comes second is the 20 to

39, with a share of 29.03%, followed by the 65 to 84, 5 to 19, 85+, and 0 to 5 age groups, respectively.

Furthermore, the comparison between the age distribution of gender differences in life expectancy
across racial groups is also informative. A similar pattern to what was observed between Whites and Mixed
& Blacks is evident here. While differences in mortality conditions in the age group 40 to 64 were
responsible for most of the difference for Whites and Mixed & Blacks, the White distribution is skewed
towards older ages while the Mixed & Black distribution is skewed towards younger ages. It is striking how
the contribution of the age groups 5 to 19 and 20 to 39 is 2.41 and 1.88 times higher for Mixed & Blacks
than for Whites, respectively; conversely, the contribution of the 40 to 64 and 65 to 84 age groups is 1.81
and 2.88 times higher for Whites than for Mixed & Blacks.
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6 Discussion and Conclusion

Summary and Implications

The primary goal of this thesis was to use Arriaga’s decomposition method to evaluate the race gap in
life expectancy at birth for females and males. Research focusing on health and mortality differences by
race is relatively sparse in Brazil, and life expectancy estimates by gender and race are not readily available.
Nevertheless, the existing evidence points towards a systematic disadvantage of Mixed & Blacks (Non-
Whites) compared to Whites. The results of this thesis indicate that Whites experience longer lives
compared to Mixed & Blacks. Among females, the race gap in life expectancy at birth is 6.17 years, with a
right-skewed age distribution of the differences; for males, the race gap is even higher, 7.18 years, with a

left-skewed age distribution.

In light of the lack of availability of life expectancy at birth estimates by gender and race, to achieve
the main goal of this thesis, it was necessary to produce life tables by gender and race; different methods to
assess the completeness of death counts were combined with life table techniques before the final estimates
were obtained. In this context, two secondary research question were proposed; the first addressed the
evaluation of death counts’ completeness and the second focused on which life table technique would yield
the most reliable estimates for life expectancy at birth. The introduction of this thesis presents the expected
results. At that point, it was expected that life expectancy at birth would differ among races, with Non-
White people facing a disadvantage for females and males. Moreover, that completeness would not vary
when evaluated for race-based subgroups of the population and that whatever life tables methods were
employed would yield similar results. Now, the answers to the research questions will be discussed in light

of the relevant literature and the initial hypotheses.

The initial hypothesis that mortality conditions, measured by life expectancy at birth, would differ
between racial groups with an advantage for Whites over Mixed & Blacks was confirmed by the results
presented and are supported by the literature. White females have the highest life expectancy at birth, 79.25
years, followed by White males with 73.63 years, Mixed & Black females, and males with 73.08 and 66.45
years, respectively. Thus, the race gap in life expectancy at birth is 6.17 years for females and 7.18 years for
males. Previous studies on the topic already pointed to this disadvantage for Mixed & Blacks (Cunha et al.,

2016; Paixao et al., 2010).

Despite being sparse, literature on racial inequalities in health and mortality differences in Brazil are
consistent with these results, as it shows that Non-Whites (Mixed & Blacks) experience increased mortality
compared to Whites. Matijasevich et al. (2008) and Wong et al. (2014) showed that infants born to Non-
White mothers experience higher mortality rates than those born to White mothers. According to Martins
et al. (1991) Non-White women are three times more likely to die due to abortion-related complications

than White women; moreover, mortality due to post-abortion complications is partially explained by racial
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discrimination in health services (Goes et al., 2020). There is also evidence that Non-White men with low
SES are both the primary victims and perpetrators of violence, whereas Non-White women with low SES
are the primary victims of domestic violence. (Reichenheim et al., 2011). Finally, only a limited amount of
studies investigated differences in mortality by race at older ages; however, Lotufo et al. (2007) presented
evidence of racial differences on CVD, with higher mortality rates higher for Non-White women and men

compared to their White counterparts.

The analysis of the decomposition’s results shows that the age distribution of the race gap for females
(6.17 years) and males (7.18 years) has notable differences. For females, the age group that explains most
of the difference is 40 to 64, responsible for 44.89% (or 2.77 years), followed by the 65 to 84 age group,
which explains 28.64% of the difference (or 1.77 years); thus, the distribution is right skewed, with most of
the difference being attributed to older ages. For males, the main age group is also 40 to 64, responsible for
45.07% (or 3.24 years) of the total difference; however, unlike what was observed for females, the age group
that follows is 20 to 39, with 26.90% (or 1.93 years), characterizing a left skewed distribution. Thus, the
race gap for females seems to be explained by differences in mortality conditions at older ages while

differences at younger ages play a more relevant role for males.

To add to the discussion, the comparison between the gender gap across races was also presented.
The gender gap for Whites was 5.62 years and 6.63 years for Mixed & Blacks. Among Whites, mortality
conditions between females and males differ the most at the 40 to 64 and 65 to 84 age groups, which
together account for 78.33% of the total difference; it is important to point out that females experience
lower mortality for every age group. On the other hand, 72.10% of the differences in mortality between
Mixed & Black females and males results from differences in the 20 to 39 and 40 to 64 age groups. Once
again, as observed for the gender differences for Whites, Mixed & Black females also hold the advantage

when compared to males.

In summary, the results show that life expectancy varies by race. The decompositions presented
indicate that among females, the differences in life expectancy between Whites and Mixed & Blacks result,
for the most part, from differences in mortality at older ages, whereas the differences for males occur at
younger ages. Furthermore, the decomposition of the gender differences across racial groups highlights a
pattern marked by the largest differences in mortality for Whites happening at older ages when compared

to Mixed & Blacks.

As there are no life tables by gender and race readily available, a part of this thesis was dedicated to
producing these life tables so that it would be possible to decompose the race gap. The two additional
research questions of this thesis focus on evaluating the completeness of death counts and discussing how

to best produce reliable life expectancy at birth estimates by race.

Extensive research has been conducted on assessing the quality of mortality data in terms of

completeness (Didgenes et al., 2022; Lima & Queiroz, 2014; Queiroz et al., 2017, 2020) and the literature
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reinforces that completeness improved over the years at the national level, while it varies greatly among
regions. Notably, Sdo Paulo shows historically high completeness levels, around 100%. While DDMs have
been widely used, no studies employed the methods to assess completeness of subpopulations defined
according to racial groups. Based on the results of previous studies, which concluded mortality data for Sao
Paulo is reliable, or more reliable than it is for other regions in Brazil, the initial hypothesis was that death

counts would also be complete when the population was broken down by gender and race.

Contrary to the initial hypothesis, the application of DDMs showed contrasting results. On the one
hand, results from GGB and GGB-SEG suggested that deaths counts were “over-reported” for Whites
and under-reported for Mixed & Blacks. On the other hand, SEG estimates suggested exactly the opposite:
White deaths were under-reported and Mixed & Black deaths were over-reported. Moreover, an additional
measure provided by the GGB method suggested a significant variation of population enumeration
between 2010 and 2019, where estimates for the White share of the population decreased and the share of
Mixed & Blacks increased; this finding was particularly interesting as it dialogues with the phenomena
observed in Figure 3.1.5 describing the change in the racial composition of the population attributed to

racial reclassification.

It is well-known that in the presence of enumeration issues, GGB and GGB-SEG perform better
comparatively to SEG (Hill et al., 2009). However, it is important to make a distinction between the
situation caused by racial reclassification and what actually is an enumeration problem. Racial
reclassification is a process that is closely linked to increased activism by Black communities, as noted by
Miranda (2015). On the other hand, enumeration is concerned with issues such as accurately counting the
population and avoiding over- or under-counting. Thus, caution is required when evaluating life expectancy
estimates obtained from DDM-adjusted race-age-specific mortality rates, as the methods were not designed
to deal with situations such as the one described. So, from this thesis’ results, it is not possible to draw a
definitive conclusion about the completeness of death counts by gender and race in Sao Paulo between

2010 and 2019 using the GGB, SEG, and GGB-SEG methods.

Finally, the question about which life table method produces the best possible life expectancy at birth
estimates dialogues with the idea that a combination of DDMs with standard life table techniques should
yield reasonable estimates. However, previous studies have not followed such approach; Cunha et al. (2016)
and Paixao et al. (2010) argued that the Bennett & Horiuchi method was the better choice to estimate life
expectancy by race. Nevertheless, despite the limitations identified in the DDMs’ results, life tables by
gender and race were constructed using both standard life table methods and the Bennett & Horiuchi
approach; this was done considering a set of different scenarios: (1) standard life table method + unadjusted
race-age-specific mortality rates, (2) standard life table method + GGB-adjusted race-age-specific mortality
rates, (3) standard life table method + SEG-adjusted race-age-specific mortality rates, (4) standard life table

method + GGB-SEG-adjusted race-age-specific mortality rates, and (5) Bennett & Horiuchi method.
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Life expectancy at birth calculated using the standard life table method and unadjusted race-age-
specific mortality rates shows an advantage for females over males regardless of race, but it suggests that
Mixed & Blacks have an advantage over Whites, which contradicts findings from existing research. The use
of GGB-adjusted rates reinforces the female over male advantage, but the racial gap in life expectancy at
birth is different for females and males; while for the first group, Whites had the advantage over Mixed &
Blacks, no significant differences were observed for males. SEG-adjusted rates paint a completely different
scenario: Mixed & Black females come in first place, followed by Mixed & Black males, White females, and

White males, which again goes against the evidence presented in this study.

Following the path proposed by former studies, the application of the Bennett & Horiuchi method
with uniform age-specific growth rates across races yields different results; White females have the highest
life expectancy at birth, followed by White males, Mixed & Black females, with Mixed & Black males in last
place. These results are the most consistent with previous research and are in line with the hypothesis
presented at the beginning of this thesis. Moreover, they are consistent with the literature discussing
mortality and health differences by race in Brazil, which shows a systematic disadvantage for Non-White

individuals compared to their White counterparts.

These findings contribute to the evolution of research on the topic of racial differences in mortality;
so far, no studies attempted to decompose racial gaps in life expectancy by race. Moreover, despite being
widely used to assess data quality of death counts, DDMs had not been applied to subpopulations defined
by racial membership in Brazil and despite the fact that the results have significant limitations, raising
awareness and discussing the reasons why these methods might not be adequate for this type of data is
important. Finally, by presenting different methods to estimate life expectancy at birth, this thesis
emphasizes how results can be strongly affected by the choice of method; thus, results should always be

analyzed in light of relevant literature.
Limitations

Initially, it is fundamental to acknowledge that, ideally, population estimates would all be from
censuses; however, for the reasons previously stated, a combination of census and survey data was required;
the 2019 estimates from PNAD-C are a result of projections, thus, being subjected to the assumptions
made, which can differ from the actual population when counted for a census. Furthermore, death counts
also come from a different source — SIM; this could affect race-age-specific mortality rates. Condran et
al. (1991) show that age-specific mortality rates are more robust in countries where mortality and population

data come from the same source.

As for missing information, no imputations were made to the data, which implies that any records
with missing information were excluded during the analysis. This has little effect on variables such as age
or gender since the number of records without any information on either variable is significantly small. As

for race, death records present a higher share of “missings” — around 3.15%; however, it is beyond the
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scope of this thesis to establish a criterion so that race was imputed when missing. The choice to remove
death records without this information was based on two facts: first, the share of death records without
this information available went down from 5.21% in 2010 to 1.55% in 2019; second, except for the first
age group, the share of “missings” is constant throughout the age range, which indicates that excluding

these death records would not distort mortality unevenly across ages.

Regarding race, limitations emerge from the observed processes of racial reclassification and the
whitening effect. Racial reclassification is the process by which individuals move from one racial group to
another over time; this effect was described in detail, including its potential drivers in Chapter 3. This
process directly impacts the calculations of race-age-specific mortality rates either by increasing or
decreasing the denominator; furthermore, it distorted DDMs’ estimates of completeness, in particular those

from the SEG method, as shown in Chapter 5

The whitening effect is related to data sources that use categorization, such as SIM, where the death
counts were obtained from; previous studies showed that when categorization is applied, individuals who
would have identified as Mixed & Blacks are likely to be categorized as White. This effect can also distort
race-age-specific mortality rates, by increasing the number of White deaths while decreasing the number of
deaths from Mixed & Blacks, which would systematically increase race-age-specific mortality rates for

Whites and decrease it for Mixed & Blacks.

Finally, it is important to emphasize that the estimates of life expectancy at birth by race are not
evidence of causality; that is, despite the results showing that there are differences in the age distribution of
racial gaps in life expectancy at birth, there is no evidence that the gaps themselves are caused by the fact
that individuals pertain to a certain group. Race should be treated as a risk marker, not a risk factor itself

(Travassos & Williams, 2004).
Conclusion and Opportunities for future research

In conclusion, despite the limitations imposed by the data and the methods, it was possible to produce
consistent estimates for life expectancy at birth for the White and Mixed & Black racial groups for the 2010
to 2019 period using data from the state of Sio Paulo, Brazil. The findings of this study show that there is
a race gap in life expectancy at birth, where Whites hold the advantage against Mixed & Blacks; furthermore,
the decomposition highlighted the age pattern differences in mortality conditions for Whites and Mixed &
Blacks.

Researchers could take many different directions when further exploring this topic. There are
numerous avenues to explore, so the possibilities are broad. First, due to data quality limitations, this thesis
focused on investigating race-related mortality differentials in Sao Paulo between 2010 and 2029; further

research could expand the study to the national level. This would, naturally, require data quality to be
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assessed at the sub-national level due to the country’s regional diversity and variability regarding data

collection.

One could also focus on estimating age-specific racial reclassification rates; this would be particularly
helpful in assessing death counts’ completeness, serving as “migration-like” rates, which would allow for
applying the DDM method proposed by Hill and Queiroz (2010). Another possibility would be to evaluate
death records to observe if there is, in fact, a mismatch between identified and categorized races where
individuals who identified as either Mixed or Black are moved towards the whiter end of the color gradient,
similarly to what is observed in populations; moreover, producing correction factors for this potential

whitening would serve as a means to improve mortality estimates by race.

Additional lines of research also include finding ways around the numerator-denominator bias to avoid
potential distortions on race-age-specific mortality rates and using other life table methods different from
those used here. Furthermore, a more detailed analysis of said biases could allow estimates to be presented
separately for Mixed and Blacks. Finally, despite the limitations associated with cause-of-death data, a

decomposition of life expectancy at birth gaps would enrich the discussion on racial inequalities.
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Appendix A: Abstract in English and German

Abstract

A recent survey revealed that 81% of Brazilians believe the country is racist; moreover, 44% agree that race
is the main factor creating inequalities in Brazil. Despite such astonishing numbers, the literature on the
demographic implications of racial differences needs to be more extensive. This thesis addresses a gap in
the literature by presenting more recent life expectancy estimates by race and by decomposing life
expectancy gaps by age groups. A combination of methods was used to estimate life expectancy at birth by
race; completeness of death counts was assessed using death Distribution Methods (DDMs), and life
expectancy was estimated using two approaches, first, by combining the results from the DDMs with
Standard life table techniques and then using the Bennett & Horiuchi method. Finally, gaps in life
expectancy at birth were decomposed using Arriaga’s decomposition method. The results show that life
expectancy at birth varies significantly by race, with the variations being attributed to different age groups
when examined separately across genders; moreover, the analysis of the gender gap across racial groups
shows variations similar to those observed in the decomposition of the race gap. Additional results indicate
that DDMs are not adequate to evaluate the completeness of death counts by racial groups due to racial
reclassification. Finally, for this particular context, life expectancy estimates obtained using the Bennett &
Horiuchi method are preferred over estimates from Standard life table techniques, even when combined
with DDMs. The results confirm previous studies that investigated differences in the cause-of-death profile
and mortality and health conditions of Brazilians according to their identified race. Significant disadvantages

in life expectancy at birth for Mixed & Blacks when compared to Whites were observed.
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Abstrakt

Eine kirzlich durchgefithrte Umfrage ergab, dass 81 % der Brasilianer glauben, dass das Land rassistisch
ist; aullerdem sind 44 % der Meinung, dass die Rasse der Hauptfaktor fiir die Ungleichheiten in Brasilien
ist. Trotz dieser erstaunlichen Zahlen muss die Literatur tber die demografischen Auswirkungen von
Rassenunterschieden umfangreicher sein. Diese Arbeit schlie3t eine Liicke in der Literatur, indem sie neuere
Schitzungen der Lebenserwartung nach Rasse vorlegt und die Unterschiede in der Lebenserwartung nach
Altersgruppen aufschlisselt. Zur Schitzung der Lebenserwartung bei der Geburt nach Rasse wurde eine
Kombination von Methoden verwendet; die Vollstindigkeit der Sterbefille wurde mit Hilfe von
Todesverteilungsmethoden (DDM) bewertet, und die Lebenserwartung wurde mit zwei Ansitzen
geschitzt, zunidchst durch Kombination der Ergebnisse aus den DDM mit Standard-Lebenszeittabellen
und dann mit der Methode von Bennett & Horiuchi. SchlieBlich wurden die Liicken in der Lebenserwartung
bei der Geburt mit Hilfe der Arriaga-Zerlegungsmethode zetrlegt. Die Ergebnisse zeigen, dass die
Lebenserwartung bei der Geburt je nach Rasse erheblich variiert, wobei die Variationen auf verschiedene
Altersgruppen zuriickzufithren sind, wenn sie nach Geschlechtern getrennt untersucht werden; dartiber
hinaus zeigt die Analyse des geschlechtsspezifischen Unterschieds zwischen den Rassengruppen dhnliche
Variationen, wie sie bei der Zerlegung des rassischen Unterschieds beobachtet wurden. Weitere Ergebnisse
deuten darauf hin, dass DDMs nicht geeignet sind, um die Vollstindigkeit der Todesfille nach
Rassengruppen zu bewerten, was auf die Neuklassifizierung nach Rassen zurlickzufithren ist. Schlief3lich
sind in diesem speziellen Kontext die Schitzungen der Lebenserwartung nach der Methode von Bennett
und Horiuchi den Schitzungen nach den Standard-Lebenszeittabellen vorzuziehen, selbst wenn sie mit
DDMs kombiniert werden. Die Ergebnisse bestitigen frithere Studien, in denen Unterschiede im Profil der
Todesursachen, der Sterblichkeit und des Gesundheitszustands von Brasilianern je nach ihrer identifizierten
Rasse untersucht wurden. Es wurden erhebliche Nachteile bei der Lebenserwartung bei der Geburt fiir

Gemischte und Schwarze im Vergleich zu Weillen festgestellt.
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Appendix B: Diagnostics Plots for DDM

Figure B.1 — Diagnostics Plot: GGB applied to White Females
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Figure B.2 — Diagnostics Plot: SEG applied to White Females
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Figure B.3 — Diagnostics Plot: GGB applied to White Males
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Figure B.4 — Diagnostics Plot: SEG applied to White Males
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Figure B.5 — Diagnostics Plot: GGB applied to Mixed & Black Females

Age range [15,50], est. coverage = 53.2
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Figure B.6 — Diagnostics Plot: SEG applied to Mixed & Black Females
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Figure B.7 — Diagnostics Plot: GGB applied to Mixed & Black Males

Age range [25,60], est. coverage = 76.6
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Figure B.8 — Diagnostics Plot: SEG applied to Mixed & Black Males
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.



Figure B.9 — Diagnostics Plot: GGB applied to Females
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Figure B.10 — Diagnostics Plot: SEG applied to Females
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Figure B.11 — Diagnostics Plot: GGB applied to Males
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Figure B.12 — Diagnostics Plot: SEG applied to Males
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Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Appendix C: Life Tables

Table C.1 - Life Table for White Females

Standard Method (Unadjusted nMx)

x M nQx s P Ly G sLx T 2
0-4 0.0027 1.50 0.0107 | 0.9893 | 1.0000 | 0.0107 3.9731 77.9465 77.95
5-9 0.0002 2.50 0.0010 | 0.9990 | 0.9893 | 0.0009 | 4.9439 | 73.9734 74.78
10-14 0.0002 2.50 0.0011 | 0.9989 | 0.9883 | 0.0011 4.9387 | 69.0295 69.85
15-19 0.0004 2.50 0.0021 | 0.9979 | 0.9872 | 0.0021 4.9306 | 64.0908 64.92
20-24 0.0005 2.50 0.0025 | 0.9975 | 0.9851 0.0025 | 4.9191 59.1602 60.06
25-29 0.0006 2.50 0.0030 | 0.9970 | 0.9826 | 0.0029 | 4.9055 54.2412 55.20
30-34 0.0008 2.50 0.0041 | 0.9959 | 0.9796 | 0.0040 | 4.8882 | 49.3356 50.36
35-39 0.0012 2.50 0.0059 | 0.9941 0.9756 | 0.0057 | 4.8639 | 44.4474 45.56
40-44 0.0017 2.50 0.0085 | 0.9915 | 0.9699 | 0.0083 | 4.8289 | 39.5835 40.81
45-49 0.0028 2.50 0.0137 | 0.9863 | 0.9616 | 0.0132 | 4.7753 | 34.7546 36.14
50-54 0.0041 2.50 0.0201 | 0.9799 | 0.9485 0.0190 | 4.6948 | 29.9794 31.61
55-59 0.0064 2.50 0.0317 | 0.9683 | 0.9294 | 0.0295 | 4.5735 | 25.2846 27.20
60-64 0.0099 2.50 0.0482 | 0.9518 | 0.9000 | 0.0434 | 4.3913 | 20.7111 23.01
65-69 0.0157 2.50 0.0754 | 0.9246 | 0.8566 | 0.0646 | 4.1214 | 16.3198 19.05
70-74 0.0230 2.50 0.1090 | 0.8910 | 0.7920 | 0.0863 3.7442 12.1984 15.40
75-79 0.0399 2.50 0.1812 | 0.8188 | 0.7057 | 0.1279 3.2087 8.4542 11.98
80-84 0.0627 2.50 0.2710 | 0.7290 | 0.5778 | 0.1566 | 2.4976 5.2455 9.08
85+ 0.1533 6.52 1.0000 | 0.0000 | 0.4212 | 0.4212 | 2.7479 2.7479 6.52

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Table C.1.1 — Life Table for White Females
Standard Method (Adjusted nMx — GGB)

x M nQx s P Ly G sLx T 2
0-4 0.0027 1.50 0.0107 | 0.9893 | 1.0000 | 0.0107 3.9731 77.9465 77.95
5-9 0.0002 2.50 0.0010 | 0.9990 | 0.9893 | 0.0009 | 4.9439 | 73.9734 74.78
10-14 0.0002 2.50 0.0011 | 0.9989 | 0.9883 | 0.0011 4.9387 | 69.0295 69.85
15-19 0.0004 2.50 0.0021 | 0.9979 | 0.9872 | 0.0021 4.9306 | 64.0908 64.92
20-24 0.0005 2.50 0.0025 | 0.9975 | 0.9851 0.0025 | 4.9191 59.1602 60.06
25-29 0.0006 2.50 0.0030 | 0.9970 | 0.9826 | 0.0029 | 4.9055 54.2412 55.20
30-34 0.0008 2.50 0.0041 | 0.9959 | 0.9796 | 0.0040 | 4.8882 | 49.3356 50.36
35-39 0.0012 2.50 0.0059 | 0.9941 0.9756 | 0.0057 | 4.8639 | 44.4474 45.56
40-44 0.0017 2.50 0.0085 | 0.9915 | 0.9699 | 0.0083 | 4.8289 | 39.5835 40.81
45-49 0.0028 2.50 0.0137 | 0.9863 | 0.9616 | 0.0132 | 4.7753 | 34.7546 36.14
50-54 0.0041 2.50 0.0201 | 0.9799 | 0.9485 0.0190 | 4.6948 | 29.9794 31.61
55-59 0.0064 2.50 0.0317 | 0.9683 | 0.9294 | 0.0295 | 4.5735 | 25.2846 27.20
60-64 0.0099 2.50 0.0482 | 0.9518 | 0.9000 | 0.0434 | 4.3913 | 20.7111 23.01
65-69 0.0157 2.50 0.0754 | 0.9246 | 0.8566 | 0.0646 | 4.1214 | 16.3198 19.05
70-74 0.0230 2.50 0.1090 | 0.8910 | 0.7920 | 0.0863 3.7442 12.1984 15.40
75-79 0.0399 2.50 0.1812 | 0.8188 | 0.7057 | 0.1279 3.2087 8.4542 11.98
80-84 0.0627 2.50 0.2710 | 0.7290 | 0.5778 | 0.1566 | 2.4976 5.2455 9.08
85+ 0.1533 6.52 1.0000 | 0.0000 | 0.4212 | 0.4212 | 2.7479 2.7479 6.52

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.1.2 — Life Table for White Females
Standard Method (Adjusted nMx — SEG)

x M nQx s P Ly G sLx T 2
0-4 0.0036 1.50 0.0143 | 0.9857 | 1.0000 | 0.0143 3.9644 | 74.4789 74.48
5-9 0.0003 2.50 0.0013 | 0.9987 | 0.9857 | 0.0012 | 4.9256 | 70.5145 71.53
10-14 0.0003 2.50 0.0015 | 0.9985 | 0.9845 0.0015 | 4.9187 | 65.5889 66.62
15-19 0.0006 2.50 0.0029 | 0.9971 0.9830 | 0.0028 | 4.9080 | 60.6702 61.72
20-24 0.0007 2.50 0.0033 | 0.9967 | 0.9802 | 0.0033 | 4.8927 | 55.7622 56.89
25-29 0.0008 2.50 0.0040 | 0.9960 | 0.9769 | 0.0039 | 4.8749 | 50.8695 52.07
30-34 0.0011 2.50 0.0054 | 0.9946 | 09730 | 0.0053 | 4.8520 | 45.9946 47.27
35-39 0.0016 2.50 0.0078 | 0.9922 | 0.9678 | 0.0076 | 4.8199 | 41.1426 42.51
40-44 0.0023 2.50 0.0113 | 0.9887 | 0.9602 | 0.0109 | 4.7739 | 36.3226 37.83
45-49 0.0037 2.50 0.0182 | 0.9818 | 0.9493 | 0.0172 | 4.7036 | 31.5487 33.23
50-54 0.0054 2.50 0.0266 | 0.9734 | 0.9321 0.0248 | 4.5986 | 26.8451 28.80
55-59 0.0086 2.50 0.0419 | 0.9581 0.9073 | 0.0381 4.4415 | 22.2465 24.52
60-64 0.0131 2.50 0.0636 | 0.9364 | 0.8693 | 0.0553 | 4.2082 17.8050 20.48
65-69 0.0208 2.50 0.0990 | 0.9010 | 0.8140 | 0.0806 3.8686 13.5968 16.70
70-74 0.0306 2.50 0.1423 | 0.8577 | 0.7334 | 0.1043 3.4063 9.7282 13.26
75-79 0.0530 2.50 0.2339 | 0.7661 0.6291 0.1471 2.7776 6.3219 10.05
80-84 0.0833 2.50 0.3448 | 0.6552 | 0.4820 | 0.1662 1.9944 3.5443 7.35
85+ 0.2037 491 1.0000 | 0.0000 | 0.3158 | 0.3158 1.5499 1.5499 491

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.1.3 — Life Table for White Females
Standard Method (Adjusted nMx — GGB-SEG)

x M nQx s P Ly G sLx T 2
0-4 0.0027 1.50 0.0107 | 0.9893 | 1.0000 | 0.0107 3.9731 77.9465 77.95
5-9 0.0002 2.50 0.0010 | 0.9990 | 0.9893 | 0.0009 | 4.9439 | 73.9734 74.78
10-14 0.0002 2.50 0.0011 | 0.9989 | 0.9883 | 0.0011 4.9387 | 69.0295 69.85
15-19 0.0004 2.50 0.0021 | 0.9979 | 0.9872 | 0.0021 4.9306 | 64.0908 64.92
20-24 0.0005 2.50 0.0025 | 0.9975 | 0.9851 0.0025 | 4.9191 59.1602 60.06
25-29 0.0006 2.50 0.0030 | 0.9970 | 0.9826 | 0.0029 | 4.9055 54.2412 55.20
30-34 0.0008 2.50 0.0041 | 0.9959 | 0.9796 | 0.0040 | 4.8882 | 49.3356 50.36
35-39 0.0012 2.50 0.0059 | 0.9941 0.9756 | 0.0057 | 4.8639 | 44.4474 45.56
40-44 0.0017 2.50 0.0085 | 0.9915 | 0.9699 | 0.0083 | 4.8289 | 39.5835 40.81
45-49 0.0028 2.50 0.0137 | 0.9863 | 0.9616 | 0.0132 | 4.7753 | 34.7546 36.14
50-54 0.0041 2.50 0.0201 | 0.9799 | 0.9485 0.0190 | 4.6948 | 29.9794 31.61
55-59 0.0064 2.50 0.0317 | 0.9683 | 0.9294 | 0.0295 | 4.5735 | 25.2846 27.20
60-64 0.0099 2.50 0.0482 | 0.9518 | 0.9000 | 0.0434 | 4.3913 | 20.7111 23.01
65-69 0.0157 2.50 0.0754 | 0.9246 | 0.8566 | 0.0646 | 4.1214 | 16.3198 19.05
70-74 0.0230 2.50 0.1090 | 0.8910 | 0.7920 | 0.0863 3.7442 12.1984 15.40
75-79 0.0399 2.50 0.1812 | 0.8188 | 0.7057 | 0.1279 3.2087 8.4542 11.98
80-84 0.0627 2.50 0.2710 | 0.7290 | 0.5778 | 0.1566 | 2.4976 5.2455 9.08
85+ 0.1533 6.52 1.0000 | 0.0000 | 0.4212 | 0.4212 | 2.7479 2.7479 6.52

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.2 — Life Table for White Males
Standard Method (Unadjusted nMx)

x nMx nax nqx npx lx ndx 5Lx Tx €x
0-4 0.0033 1.50 0.0129 | 0.9871 1.0000 | 0.0129 3.9678 71.1119 71.11
59 0.0002 2.50 0.0012 | 0.9988 | 0.9871 0.0012 | 4.9326 67.1441 68.02

10-14 1 0.0003 | 250 | 0.0015 | 0.9985 | 0.9859 | 0.0015 | 4.9259 | 62.2115 | 63.10

15-19 1 0.0012 | 250 | 0.0059 | 0.9941 | 0.9844 | 0.0058 | 4.9077 | 57.2856 | 58.19

20-24 1 0.0016 | 2.50 | 0.0080 | 0.9920 | 0.9786 | 0.0078 | 4.8736 | 52.3779 | 53.52

25-29 | 0.0016 | 2.50 | 0.0082 | 0.9918 | 0.9708 | 0.0079 | 4.8342 | 47.5044 | 48.93

30-34 | 0.0019 | 2.50 | 0.0097 | 0.9903 | 0.9629 | 0.0093 | 4.7910 | 42.6702 | 44.32

35-39 1 0.0025 | 250 | 0.0126 | 0.9874 | 0.9535 | 0.0120 | 4.7377 | 37.8792 | 39.72

40-44 | 0.0036 | 2.50 | 0.0179 | 0.9821 | 0.9416 | 0.0168 | 4.6658 | 33.1414 | 35.20

45-49 | 0.0055 | 2.50 | 0.0270 | 0.9730 | 0.9248 | 0.0250 | 4.5612 | 28.4756 | 30.79

50-54 1 0.0083 | 250 | 0.0407 | 0.9593 | 0.8997 | 0.0366 | 4.4072 | 23.9144 | 26.58

55-59 | 0.0124 | 2.50 | 0.0600 | 0.9400 | 0.8631 | 0.0518 | 4.1861 | 19.5072 | 22.60

60-64 | 0.0186 | 2.50 | 0.0889 | 0.9111 | 0.8113 | 0.0721 | 3.8762 | 15.3211 | 18.88

65-69 | 0.0284 | 250 | 0.1324 | 0.8676 | 0.7392 | 0.0979 | 3.4511 | 11.4449 | 15.48

70-74 | 0.0407 | 2.50 | 0.1845 | 0.8155 | 0.6413 | 0.1183 | 2.9106 | 7.9937 12.47

75-79 | 0.0614 | 2.50 | 0.2660 | 0.7340 | 0.5230 | 0.1391 | 2.2669 | 5.0832 9.72

80-84 | 0.0959 | 2.50 | 0.3867 | 0.6133 | 0.3838 | 0.1484 | 1.5481 | 2.8162 7.34

85+ 0.1856 5.39 1.0000 | 0.0000 | 0.2354 | 0.2354 | 1.2681 1.2681 5.39

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Table C.2.1 — Life Table for White Males
Standard Method (Adjusted nMx — GGB)

x M nQx A P L G sLx T 2
0-4 0.0033 1.50 0.0129 | 0.9871 1.0000 | 0.0129 3.9678 71.1119 71.11
5-9 0.0002 2.50 0.0012 | 0.9988 | 0.9871 0.0012 | 4.9326 67.1441 68.02
10-14 0.0003 2.50 0.0015 | 0.9985 | 0.9859 | 0.0015 4.9259 62.2115 63.10
15-19 0.0012 2.50 0.0059 | 0.9941 0.9844 | 0.0058 4.9077 57.2856 58.19
20-24 0.0016 2.50 0.0080 | 0.9920 | 0.9786 | 0.0078 4.8736 52.3779 53.52
25-29 0.0016 2.50 0.0082 | 0.9918 | 0.9708 | 0.0079 4.8342 | 47.5044 48.93
30-34 0.0019 2.50 0.0097 | 0.9903 | 0.9629 | 0.0093 47910 | 42.6702 44.32
35-39 0.0025 2.50 0.0126 | 0.9874 | 0.9535 | 0.0120 | 4.7377 37.8792 39.72
40-44 0.0036 2.50 0.0179 | 0.9821 0.9416 | 0.0168 4.6658 33.1414 35.20
45-49 0.0055 2.50 0.0270 | 0.9730 | 0.9248 | 0.0250 | 4.5612 | 28.4756 30.79
50-54 0.0083 2.50 0.0407 | 0.9593 | 0.8997 | 0.0366 44072 | 239144 26.58
55-59 0.0124 2.50 0.0600 | 0.9400 | 0.8631 0.0518 4.1801 19.5072 22.60
60-64 0.0186 2.50 0.0889 | 0.9111 0.8113 | 0.0721 3.8762 15.3211 18.88
65-69 0.0284 2.50 0.1324 | 0.8676 | 0.7392 | 0.0979 3.4511 11.4449 15.48
70-74 0.0407 2.50 0.1845 | 0.8155 | 0.6413 | 0.1183 2.9106 7.9937 12.47
75-79 0.0614 2.50 0.2660 | 0.7340 | 0.5230 | 0.1391 2.2669 5.0832 9.72
80-84 0.0959 2.50 0.3867 | 0.6133 | 0.3838 | 0.1484 1.5481 2.8162 7.34
85+ 0.1856 5.39 1.0000 | 0.0000 | 0.2354 | 0.2354 1.2681 1.2681 5.39

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.2.2 — Life Table for White Males
Standard Method (Adjusted nMx — SEG)

x M nQx A P L G sLx T 2
0-4 0.0039 1.50 0.0154 | 0.9846 | 1.0000 | 0.0154 | 3.9614 | 068.6574 68.66
5-9 0.0003 2.50 0.0014 | 0.9986 | 0.9846 | 0.0014 | 4.9193 64.6960 65.71
10-14 0.0004 2.50 0.0018 | 0.9982 | 0.9832 | 0.0018 49113 59.7767 60.80
15-19 0.0014 2.50 0.0071 | 0.9929 | 0.9814 | 0.0069 4.8895 54.8653 55.91
20-24 0.0019 2.50 0.0096 | 0.9904 | 0.9744 | 0.0093 4.8488 | 49.9758 51.29
25-29 0.0020 2.50 0.0098 | 0.9902 | 0.9651 0.0094 | 4.8019 | 45.1270 46.76
30-34 0.0023 2.50 0.0116 | 0.9884 | 0.9557 | 0.0111 47505 | 40.3251 42.20
35-39 0.0030 2.50 0.0150 | 0.9850 | 0.9446 | 0.0142 | 4.6873 35.5745 37.66
40-44 0.0043 2.50 0.0214 | 0.9786 | 0.9304 | 0.0199 4.6021 30.8872 33.20
45-49 0.0066 2.50 0.0323 | 0.9677 | 09105 | 0.0294 | 4.4788 | 26.2851 28.87
50-54 0.0100 2.50 0.0486 | 0.9514 | 0.8810 | 0.0428 4.2981 21.8063 24.75
55-59 0.0148 2.50 0.0715 | 0.9285 | 0.8382 | 0.0600 | 4.0412 17.5082 20.89
60-64 0.0223 2.50 0.1057 | 0.8943 | 0.7783 | 0.0822 | 3.6857 13.4670 17.30
65-69 0.0340 2.50 0.1567 | 0.8433 | 0.6960 | 0.1091 3.2074 9.7813 14.05
70-74 0.0487 2.50 0.2172 | 0.7828 | 0.5869 | 0.1275 2.6160 6.5739 11.20
75-79 0.0736 2.50 0.3107 | 0.6893 | 0.4594 | 0.1428 1.9403 3.9579 8.01
80-84 0.1149 2.50 0.4464 | 0.5536 | 0.3167 | 0.1414 1.2300 2.0176 6.37
85+ 0.2226 4.49 1.0000 | 0.0000 | 0.1753 | 0.1753 0.7877 0.7877 4.49

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.2.3 — Life Table for White Males
Standard Method (Adjusted nMx — GGB-SEG)

x M nQx A P L G sLx T 2
0-4 0.0033 1.50 0.0129 | 0.9871 1.0000 | 0.0129 3.9678 71.1119 71.11
5-9 0.0002 2.50 0.0012 | 0.9988 | 0.9871 0.0012 | 4.9326 67.1441 68.02
10-14 0.0003 2.50 0.0015 | 0.9985 | 0.9859 | 0.0015 4.9259 62.2115 63.10
15-19 0.0012 2.50 0.0059 | 0.9941 0.9844 | 0.0058 4.9077 57.2856 58.19
20-24 0.0016 2.50 0.0080 | 0.9920 | 0.9786 | 0.0078 4.8736 52.3779 53.52
25-29 0.0016 2.50 0.0082 | 0.9918 | 0.9708 | 0.0079 4.8342 | 47.5044 48.93
30-34 0.0019 2.50 0.0097 | 0.9903 | 0.9629 | 0.0093 47910 | 42.6702 44.32
35-39 0.0025 2.50 0.0126 | 0.9874 | 0.9535 | 0.0120 | 4.7377 37.8792 39.72
40-44 0.0036 2.50 0.0179 | 0.9821 0.9416 | 0.0168 4.6658 33.1414 35.20
45-49 0.0055 2.50 0.0270 | 0.9730 | 0.9248 | 0.0250 | 4.5612 | 28.4756 30.79
50-54 0.0083 2.50 0.0407 | 0.9593 | 0.8997 | 0.0366 44072 | 239144 26.58
55-59 0.0124 2.50 0.0600 | 0.9400 | 0.8631 0.0518 4.1801 19.5072 22.60
60-64 0.0186 2.50 0.0889 | 0.9111 0.8113 | 0.0721 3.8762 15.3211 18.88
65-69 0.0284 2.50 0.1324 | 0.8676 | 0.7392 | 0.0979 3.4511 11.4449 15.48
70-74 0.0407 2.50 0.1845 | 0.8155 | 0.6413 | 0.1183 2.9106 7.9937 12.47
75-79 0.0614 2.50 0.2660 | 0.7340 | 0.5230 | 0.1391 2.2669 5.0832 9.72
80-84 0.0959 2.50 0.3867 | 0.6133 | 0.3838 | 0.1484 1.5481 2.8162 7.34
85+ 0.1856 5.39 1.0000 | 0.0000 | 0.2354 | 0.2354 1.2681 1.2681 5.39

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.3 — Life Table for Mixed & Black Females
Standard Method (Unadjusted nMx)

x nMx nax nqx npx lx ndx 5Lx Tx €x
0-4 0.0018 1.50 0.0072 | 0.9928 | 1.0000 | 0.0072 | 3.9821 | 81.7646 | 81.76
5-9 0.0001 2.50 0.0006 | 0.9994 | 0.9928 | 0.0006 | 4.9627 | 77.7824 | 78.34

10-14 0.0002 2.50 0.0008 | 0.9992 | 0.9922 | 0.0008 | 4.9592 | 72.8198 73.39

15-19 0.0003 2.50 0.0017 | 0.9983 | 0.9915 | 0.0017 | 4.9531 67.8606 68.45

20-24 0.0004 2.50 0.0021 | 0.9979 | 0.9898 | 0.0021 | 4.9438 | 62.9074 63.56

25-29 0.0005 2.50 0.0025 | 0.9975 | 0.9877 | 0.0024 | 4.9325 | 57.9637 58.68

30-34 0.0007 2.50 0.0036 | 0.9964 | 0.9853 | 0.0036 | 4.9175 | 53.0312 53.82

35-39 0.0011 2.50 0.0053 | 0.9947 | 09817 | 0.0052 | 4.8957 | 48.1137 49.01

40-44 0.0017 2.50 0.0083 | 0.9917 | 09766 | 0.0081 | 4.8626 | 43.2181 44.26

45-49 0.0025 2.50 0.0126 | 0.9874 | 09685 | 0.0122 | 4.8119 | 38.3555 39.60

50-54 0.0035 2.50 0.0171 | 0.9829 | 0.9563 | 0.0164 | 4.7404 | 33.5436 35.08

55-59 0.0055 2.50 0.0272 | 0.9728 | 0.9399 | 0.0255 | 4.6355 | 28.8032 30.65

60-64 0.0081 2.50 0.0395 | 0.9605 | 09143 | 0.0361 | 4.4815 | 24.1677 26.43

65-69 0.0121 2.50 0.0586 | 0.9414 | 0.8783 | 0.0514 | 4.2627 | 19.6862 22.42

70-74 0.0189 2.50 0.0900 | 0.9100 | 0.8268 | 0.0744 | 3.9479 | 15.4235 18.65

75-79 0.0282 2.50 0.1318 | 0.8682 | 0.7524 | 0.0991 | 3.5140 | 11.4756 15.25

80-84 0.0483 2.50 0.2154 | 0.7846 | 0.6532 | 0.1407 | 2.9143 7.9616 12.19

85+ 0.1015 9.85 1.0000 | 0.0000 | 0.5125 | 0.5125 | 5.0473 5.0473 9.85

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

92



Table C.3.1 — Life Table for Mixed & Black Females
Standard Method (Adjusted nMx — GGB)

x M, nOx A P L a0 sLx T €x
0-4 0.0032 1.50 0.0128 | 0.9872 | 1.0000 | 0.0128 | 3.9681 73.9149 73.91
5-9 0.0002 2.50 0.0011 | 0.9989 | 0.9872 | 0.0011 | 4.9334 | 69.9468 70.85
10-14 0.0003 2.50 0.0014 | 0.9986 | 0.9861 | 0.0014 | 4.9272 | 65.0134 65.93
15-19 0.0006 2.50 0.0030 | 0.9970 | 0.9848 | 0.0029 | 4.9164 | 60.0862 61.02
20-24 0.0008 2.50 0.0038 | 0.9962 | 09818 | 0.0037 | 4.8998 | 55.1697 56.19
25-29 0.0009 2.50 0.0044 | 0.9956 | 09781 | 0.0043 | 4.8798 | 50.2699 51.39
30-34 0.0013 2.50 0.0065 | 0.9935 | 0.9738 | 0.0063 | 4.8533 | 45.3901 46.61
35-39 0.0019 2.50 0.0094 | 0.9906 | 0.9675 | 0.0091 | 4.8148 | 40.5369 41.90
40-44 0.0030 2.50 0.0147 | 0.9853 | 0.9584 | 0.0141 | 4.7568 | 35.7221 37.27
45-49 0.0045 2.50 0.0225 | 09775 | 09443 | 0.0212 | 4.6684 | 30.9653 32.79
50-54 0.0062 2.50 0.0305 | 0.9695 | 09231 | 0.0281 | 4.5450 | 26.2968 28.49
55-59 0.0099 2.50 0.0481 | 0.9519 | 0.8949 | 0.0431 | 4.3670 | 21.7519 24.31
60-64 0.0144 2.50 0.0696 | 0.9304 | 0.8519 | 0.0593 | 4.1111 17.3849 20.41
65-69 0.0216 2.50 0.1025 | 0.8975 | 0.7926 | 0.0812 | 3.7598 | 13.2738 16.75
70-74 0.0338 2.50 0.1557 | 0.8443 | 0.7113 | 0.1107 | 3.2799 9.5140 13.37
75-79 0.0505 2.50 0.2242 | 0.7758 | 0.6006 | 0.1347 | 2.6664 6.2340 10.38
80-84 0.0865 2.50 0.3555 | 0.6445 | 0.4659 | 0.1656 | 1.9157 3.5676 7.66
85+ 0.1818 5.50 1.0000 | 0.0000 | 0.3003 | 0.3003 | 1.6520 1.6520 5.50

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.3.2 — Life Table for Mixed & Black Females
Standard Method (Adjusted nMx — SEG)

x M, nOx A P L a0 sLx T €x
0-4 0.0018 1.50 0.0072 | 0.9928 | 1.0000 | 0.0072 | 3.9821 81.7646 81.76
5-9 0.0001 2.50 0.0006 | 0.9994 | 0.9928 | 0.0006 | 4.9627 | 77.7824 78.34
10-14 0.0002 2.50 0.0008 | 0.9992 | 0.9922 | 0.0008 | 4.9592 | 72.8198 73.39
15-19 0.0003 2.50 0.0017 | 0.9983 | 0.9915 | 0.0017 | 4.9531 67.8606 68.45
20-24 0.0004 2.50 0.0021 | 0.9979 | 0.9898 | 0.0021 | 4.9438 | 62.9074 63.56
25-29 0.0005 2.50 0.0025 | 0.9975 | 0.9877 | 0.0024 | 4.9325 | 57.9637 58.68
30-34 0.0007 2.50 0.0036 | 0.9964 | 0.9853 | 0.0036 | 4.9175 | 53.0312 53.82
35-39 0.0011 2.50 0.0053 | 0.9947 | 09817 | 0.0052 | 4.8957 | 48.1137 49.01
40-44 0.0017 2.50 0.0083 | 0.9917 | 09766 | 0.0081 | 4.8626 | 43.2181 44.26
45-49 0.0025 2.50 0.0126 | 0.9874 | 0.9685 | 0.0122 | 4.8119 | 38.3555 39.60
50-54 0.0035 2.50 0.0171 | 0.9829 | 0.9563 | 0.0164 | 4.7404 | 33.5436 35.08
55-59 0.0055 2.50 0.0272 | 09728 | 0.9399 | 0.0255 | 4.6355 | 28.8032 30.65
60-64 0.0081 2.50 0.0395 | 0.9605 | 09143 | 0.0361 | 4.4815 | 24.1677 26.43
65-69 0.0121 2.50 0.0586 | 0.9414 | 0.8783 | 0.0514 | 4.2627 | 19.6862 22.42
70-74 0.0189 2.50 0.0900 | 0.9100 | 0.8268 | 0.0744 | 3.9479 15.4235 18.65
75-79 0.0282 2.50 0.1318 | 0.8682 | 0.7524 | 0.0991 | 3.5140 | 11.4756 15.25
80-84 0.0483 2.50 0.2154 | 0.7846 | 0.6532 | 0.1407 | 2.9143 7.9616 12.19
85+ 0.1015 9.85 1.0000 | 0.0000 | 0.5125 | 0.5125 | 5.0473 5.0473 9.85

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.3.3 — Life Table for Mixed & Black Females
Standard Method (Adjusted nMx — GGB-SEG)

x M, nOx A P L a0 sLx T €x
0-4 0.0021 1.50 0.0085 | 0.9915 | 1.0000 | 0.0085 | 3.9788 | 79.3560 79.36
5-9 0.0001 2.50 0.0007 | 0.9993 | 0.9915 | 0.0007 | 4.9558 | 75.3772 76.02
10-14 0.0002 2.50 0.0009 | 0.9991 | 0.9908 | 0.0009 | 4.9517 | 70.4213 71.08
15-19 0.0004 2.50 0.0020 | 0.9980 | 0.9899 | 0.0020 | 4.9445 | 65.4696 66.14
20-24 0.0005 2.50 0.0025 | 0.9975 | 0.9879 | 0.0025 | 4.9335 | 60.5251 61.26
25-29 0.0006 2.50 0.0029 | 0.9971 | 0.9855 | 0.0029 | 4.9201 55.5916 56.41
30-34 0.0009 2.50 0.0043 | 0.9957 | 0.9826 | 0.0042 | 4.9024 | 50.6715 51.57
35-39 0.0012 2.50 0.0062 | 0.9938 | 09784 | 0.0061 | 4.8767 | 45.7691 46.78
40-44 0.0020 2.50 0.0098 | 0.9902 | 0.9723 | 0.0095 | 4.8377 | 40.8924 42.06
45-49 0.0030 2.50 0.0149 | 09851 | 0.9628 | 0.0144 | 4.7780 | 36.0547 37.45
50-54 0.0041 2.50 0.0203 | 0.9797 | 09484 | 0.0192 | 4.6940 | 31.2767 32.98
55-59 0.0065 2.50 0.0321 | 0.9679 | 09292 | 0.0298 | 4.5714 | 26.5827 28.61
60-64 0.0095 2.50 0.0466 | 0.9534 | 0.8994 | 0.0419 | 4.3921 22.0113 24.47
65-69 0.0143 2.50 0.0690 | 0.9310 | 0.8575 | 0.0592 | 4.1394 | 17.6193 20.55
70-74 0.0223 2.50 0.1058 | 0.8942 | 0.7983 | 0.0844 | 3.7804 | 13.4799 16.89
75-79 0.0334 2.50 0.1542 | 0.8458 | 0.7139 | 0.1101 | 3.2941 9.6995 13.59
80-84 0.0572 2.50 0.2502 | 0.7498 | 0.6038 | 0.1511 | 2.6413 6.4054 10.61
85+ 0.1203 8.31 1.0000 | 0.0000 | 0.4527 | 0.4527 | 3.7641 3.7641 8.31

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.4 — Life Table for Mixed & Black Males

Standard Method (Unadjusted nMx)

x M, nOx A P L a0 sLx T €x
0-4 0.0020 1.50 0.0079 | 0.9921 1.0000 | 0.0079 | 3.9802 | 74.8462 74.85
5-9 0.0002 2.50 0.0008 | 0.9992 | 0.9921 | 0.0008 | 4.9586 | 70.8660 71.43
10-14 0.0002 2.50 0.0012 | 0.9988 | 0.9913 | 0.0012 | 4.9536 | 65.9074 66.48
15-19 0.0013 2.50 0.0066 | 0.9934 | 0.9901 | 0.0065 | 4.9343 | 60.9538 61.56
20-24 0.0016 2.50 0.0078 | 0.9922 | 0.9836 | 0.0076 | 4.8989 | 56.0195 56.95
25-29 0.0016 2.50 0.0079 | 0.9921 | 09760 | 0.0077 | 4.8605 | 51.1206 52.38
30-34 0.0020 2.50 0.0099 | 0.9901 | 0.9682 | 0.0095 | 4.8173 | 46.2601 47.78
35-39 0.0026 2.50 0.0131 | 0.9869 | 0.9587 | 0.0125 | 4.7621 41.4429 43.23
40-44 0.0035 2.50 0.0171 | 0.9829 | 09462 | 0.0162 | 4.6903 | 36.6808 38.77
45-49 0.0050 2.50 0.0247 | 0.9753 | 0.9300 | 0.0230 | 4.5924 | 31.9905 34.40
50-54 0.0074 2.50 0.0364 | 0.9636 | 09070 | 0.0330 | 4.4524 | 27.3981 30.21
55-59 0.0112 2.50 0.0546 | 0.9454 | 0.8740 | 0.0477 | 4.2506 | 22.9457 26.25
60-64 0.0148 2.50 0.0716 | 0.9284 | 0.8263 | 0.0591 | 3.9834 | 18.6951 22.63
65-69 0.0197 2.50 0.0940 | 0.9060 | 0.7671 | 0.0721 | 3.6553 14.7117 19.18
70-74 0.0268 2.50 0.1256 | 0.8744 | 0.6950 | 0.0873 | 3.2567 | 11.0564 15.91
75-79 0.0448 2.50 0.2014 | 0.7986 | 0.6077 | 0.1224 | 2.7325 7.7996 12.83
80-84 0.0606 2.50 0.2633 | 0.7367 | 0.4853 | 0.1278 | 2.1071 5.0671 10.44
85+ 0.1208 8.28 1.0000 | 0.0000 | 0.3575 | 0.3575 | 2.9601 2.9601 8.28

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Table C.4.1 — Life Table for Mixed & Black Males
Standard Method (Adjusted nMx — GGB)

x M, nOx A P L a0 sLx T €x
0-4 0.0025 1.50 0.0099 | 0.9901 1.0000 | 0.0099 | 3.9752 | 71.3776 71.38
5-9 0.0002 2.50 0.0010 | 0.9990 | 0.9901 | 0.0009 | 4.9481 67.4023 68.08
10-14 0.0003 2.50 0.0016 | 0.9984 | 0.9892 | 0.0015 | 4.9419 | 62.4542 63.14
15-19 0.0017 2.50 0.0082 | 0.9918 | 0.9876 | 0.0081 | 4.9177 | 57.5123 58.23
20-24 0.0020 2.50 0.0097 | 0.9903 | 09795 | 0.0095 | 4.8735 | 52.5946 53.70
25-29 0.0020 2.50 0.0099 | 0.9901 | 0.9699 | 0.0096 | 4.8256 | 47.7211 49.20
30-34 0.0025 2.50 0.0123 | 0.9877 | 09603 | 0.0119 | 4.7719 | 42.8955 44.67
35-39 0.0033 2.50 0.0164 | 09836 | 09484 | 0.0155 | 4.7034 | 38.1236 40.20
40-44 0.0043 2.50 0.0214 | 09786 | 0.9329 | 0.0200 | 4.6146 | 33.4202 35.82
45-49 0.0063 2.50 0.0309 | 0.9691 | 09129 | 0.0282 | 4.4941 28.8056 31.55
50-54 0.0093 2.50 0.0454 | 0.9546 | 0.8847 | 0.0402 | 4.3230 | 24.3115 27.48
55-59 0.0141 2.50 0.0680 | 0.9320 | 0.8445 | 0.0575 | 4.0789 19.9885 23.67
60-64 0.0186 2.50 0.0890 | 0.9110 | 0.7871 | 0.0700 | 3.7602 | 15.9096 20.21
65-69 0.0248 2.50 0.1165 | 0.8835 | 0.7170 | 0.0836 | 3.3762 | 12.1494 16.94
70-74 0.0336 2.50 0.1552 | 0.8448 | 0.6335 | 0.0983 | 2.9216 8.7732 13.85
75-79 0.0562 2.50 0.2463 | 0.7537 | 0.5352 | 0.1318 | 2.3463 5.8516 10.93
80-84 0.0761 2.50 0.3197 | 0.6803 | 0.4033 | 0.1289 | 1.6944 3.5053 8.69
85+ 0.1515 6.60 1.0000 | 0.0000 | 0.2744 | 0.2744 | 1.8109 1.8109 6.60

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.4.2 — Life Table for Mixed & Black Males
Standard Method (Adjusted nMx — SEG)

x M, nOx A P L a0 sLx T €x
0-4 0.0020 1.50 0.0079 | 0.9921 1.0000 | 0.0079 | 3.9802 | 74.8462 74.85
5-9 0.0002 2.50 0.0008 | 0.9992 | 0.9921 | 0.0008 | 4.9586 | 70.8660 71.43
10-14 0.0002 2.50 0.0012 | 0.9988 | 0.9913 | 0.0012 | 4.9536 | 65.9074 66.48
15-19 0.0013 2.50 0.0066 | 0.9934 | 0.9901 | 0.0065 | 4.9343 | 60.9538 61.56
20-24 0.0016 2.50 0.0078 | 0.9922 | 0.9836 | 0.0076 | 4.8989 | 56.0195 56.95
25-29 0.0016 2.50 0.0079 | 0.9921 | 09760 | 0.0077 | 4.8605 | 51.1206 52.38
30-34 0.0020 2.50 0.0099 | 0.9901 | 0.9682 | 0.0095 | 4.8173 | 46.2601 47.78
35-39 0.0026 2.50 0.0131 | 0.9869 | 0.9587 | 0.0125 | 4.7621 41.4429 43.23
40-44 0.0035 2.50 0.0171 | 0.9829 | 09462 | 0.0162 | 4.6903 | 36.6808 38.77
45-49 0.0050 2.50 0.0247 | 0.9753 | 0.9300 | 0.0230 | 4.5924 | 31.9905 34.40
50-54 0.0074 2.50 0.0364 | 0.9636 | 09070 | 0.0330 | 4.4524 | 27.3981 30.21
55-59 0.0112 2.50 0.0546 | 0.9454 | 0.8740 | 0.0477 | 4.2506 | 22.9457 26.25
60-64 0.0148 2.50 0.0716 | 0.9284 | 0.8263 | 0.0591 | 3.9834 | 18.6951 22.63
65-69 0.0197 2.50 0.0940 | 0.9060 | 0.7671 | 0.0721 | 3.6553 14.7117 19.18
70-74 0.0268 2.50 0.1256 | 0.8744 | 0.6950 | 0.0873 | 3.2567 | 11.0564 15.91
75-79 0.0448 2.50 0.2014 | 0.7986 | 0.6077 | 0.1224 | 2.7325 7.7996 12.83
80-84 0.0606 2.50 0.2633 | 0.7367 | 0.4853 | 0.1278 | 2.1071 5.0671 10.44
85+ 0.1208 8.28 1.0000 | 0.0000 | 0.3575 | 0.3575 | 2.9601 2.9601 8.28

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.4.3 — Life Table for Mixed & Black Males
Standard Method (Adjusted nMx — GGB-SEG)

x M, nOx A P L a0 sLx T €x
0-4 0.0026 1.50 0.0103 | 0.9897 | 1.0000 | 0.0103 | 3.9742 | 70.7863 70.79
5-9 0.0002 2.50 0.0010 | 0.9990 | 0.9897 | 0.0010 | 4.9460 | 66.8120 67.51
10-14 0.0003 2.50 0.0016 | 0.9984 | 0.9887 | 0.0016 | 4.9396 | 61.8660 62.57
15-19 0.0017 2.50 0.0086 | 0.9914 | 0.9871 | 0.0085 | 4.9144 | 56.9264 57.67
20-24 0.0020 2.50 0.0101 | 0.9899 | 0.9787 | 0.0099 | 4.8685 | 52.0119 53.15
25-29 0.0021 2.50 0.0103 | 0.9897 | 0.9687 | 0.0100 | 4.8187 | 47.1434 48.66
30-34 0.0026 2.50 0.0128 | 0.9872 | 0.9587 | 0.0123 | 4.7629 | 42.3247 44.15
35-39 0.0034 2.50 0.0170 | 0.9830 | 0.9464 | 0.0161 | 4.6919 | 37.5618 39.69
40-44 0.0045 2.50 0.0223 | 09777 | 09303 | 0.0207 | 4.5998 | 32.8700 35.33
45-49 0.0065 2.50 0.0321 | 0.9679 | 09096 | 0.0292 | 4.4749 | 28.2702 31.08
50-54 0.0097 2.50 0.0472 | 0.9528 | 0.8804 | 0.0416 | 4.2979 | 23.7953 27.03
55-59 0.0147 2.50 0.0707 | 0.9293 | 0.8388 | 0.0593 | 4.0457 | 19.4974 23.24
60-64 0.0194 2.50 0.0924 | 09076 | 0.7795 | 0.0720 | 3.7175 15.4517 19.82
65-69 0.0257 2.50 0.1209 | 0.8791 | 0.7075 | 0.0856 | 3.3235 11.7342 16.59
70-74 0.0350 2.50 0.1609 | 0.8391 | 0.6219 | 0.1001 | 2.8595 8.4106 13.52
75-79 0.0584 2.50 0.2550 | 0.7450 | 0.5219 | 0.1331 | 2.2766 5.5512 10.64
80-84 0.0792 2.50 0.3304 | 0.6696 | 0.3888 | 0.1285 | 1.6229 3.2745 8.42
85+ 0.1576 6.34 1.0000 | 0.0000 | 0.2603 | 0.2603 | 1.6517 1.6517 6.34

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: the correction factors were limited to 100%, then applied to all age groups from 0-4 to 85+.
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Table C.5 — Life Table for White Females

Bennett & Horiuchi Approach

x Dx nlx A Ly 2 sLx T €x
0-4 2,481 0.0128 2,481 280,287 0.0089 1,392,749 22,213,982 79.25
5-9 164 0.0065 173 277,805 0.0006 1,388,596 20,821,232 74.95
10-14 200 -0.0165 205 277,633 0.0007 1,387,653 19,432,636 69.99
15-19 402 -0.0023 393 277,428 0.0014 1,386,159 18,044,984 65.04
20-24 522 -0.0031 503 277,036 0.0018 1,383,920 16,658,824 60.13
25-29 667 -0.0012 636 276,532 0.0023 1,381,073 15,274,905 55.24
30-34 919 0.0068 888 275,897 0.0032 1,377,264 13,893,832 50.36
35-39 1,255 0.0193 1,295 275,009 0.0047 1,371,808 12,516,568 45.51
40-44 1,745 0.0154 1,962 273,714 0.0072 1,363,665 11,144,760 40.72
45-49 2,546 0.00061 3,021 271,752 0.0111 1,351,206 9,781,094 35.99
50-54 3,627 0.0239 4,640 268,731 0.0173 1,332,052 8,429,889 31.37
55-59 5,008 0.0284 7,300 264,090 0.0276 1,302,199 7,097,837 26.88
60-64 6,436 0.0380 11,078 256,790 0.0431 1,256,254 5,795,638 22.57
65-69 7,827 0.0434 16,514 2457712 0.0672 1,187,274 4,539,384 18.47
70-74 9,299 0.0372 23,998 229,198 0.1047 1,085,994 3,352,110 14.63
75-79 11,665 0.0299 35,596 205,200 0.1735 937,010 2,266,116 11.04
80-84 13,991 0.0346 50,154 169,604 0.2957 722,635 1,329,106 7.84
85+ 27,037 0.0490 119,450 119,450 1.0000 606,470 606,470 5.08

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: D, is the average number of observed deaths.
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Table C.6 — Life Table for White Males

Bennett & Horiuchi Approach

X Dx AT x A L, A <Ly T, ex
0-4 2,984 0.0174 2,984 284,345 0.0105 1,411,283 20,936,834 73.63
5-9 205 0.0037 216 281,362 0.0008 1,406,267 19,525,551 69.40
10-14 274 -0.0149 281 281,145 0.0010 1,405,023 18,119,283 64.45
15-19 1,048 -0.0048 1,023 280,804 | 0.0036 1,401,763 16,714,260 59.51
20-24 1,653 0.0032 1,607 279,841 0.0057 1,395,188 15,312,497 54.72
25-29 1,778 0.0045 1,762 278,234 | 0.0063 1,386,765 13,917,310 50.02
30-34 2,073 0.0114 2,138 276,472 0.0077 1,377,015 12,530,544 45.32
35-39 2,505 0.0180 2,780 274,334 | 0.0101 1,364,721 11,153,529 40.66
40-44 3,233 0.0140 3,886 271,554 | 0.0143 1,348,057 9,788,808 36.05
45-49 4,579 0.0138 5,901 267,668 0.0220 1,323,590 8,440,751 31.53
50-54 6,533 0.0207 9,177 261,768 0.0351 1,285,896 7,117,161 27.19
55-59 8,005 0.0268 13,610 252,591 0.0539 1,228,928 5,831,265 23.09
60-64 10,253 0.0400 19,161 238,981 0.0802 1,146,999 4,602,336 19.26
65-69 11,161 0.0432 25,678 219,819 0.1168 1,034,900 3,455,337 15.72
70-74 11,882 0.0356 33,294 194,141 0.1715 887,469 2,420,437 12.47
75-79 12,552 0.0296 41,398 160,847 0.2574 700,738 1,532,968 9.53
80-84 12,067 0.0365 46,951 119,449 0.3931 479,866 832,230 6.97
85+ 15,394 0.0399 72,498 72,498 1.0000 352,363 352,363 4.86

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: D, is the average number of observed deaths.
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Table C.7 — Life Table for Mixed & Black Females
Bennett & Horiuchi Approach

X Dx AT x A L, A <Ly T, ex
0-4 831 0.0128 831 64,097 0.0130 317,577 4,684,199 73.08
5-9 71 0.0065 75 63,266 0.0012 316,144 4,366,622 69.02
10-14 100 -0.0165 102 63,191 0.0016 315,702 4,050,478 64.10
15-19 224 -0.0023 218 63,089 0.0035 314,901 3,734,776 59.20
20-24 301 -0.0031 290 62,871 0.0046 313,630 3,419,876 54.40
25-29 369 -0.0012 352 62,581 0.0056 312,027 3,106,245 49.64
30-34 519 0.0068 502 62,230 0.0081 309,894 2,794,219 44.90
35-39 720 0.0193 742 61,728 0.0120 300,785 2,484,324 40.25
40-44 996 0.0154 1,120 60,986 0.0184 302,130 2,177,539 35.71
45-49 1,355 0.0061 1,608 59,866 0.0269 295,309 1,875,409 31.33

50-54 1,761 0.0239 2,253 58,258 0.0387 285,657 1,580,100 27.12

55-59 2,191 0.0284 3,194 56,005 0.0570 272,040 1,294,443 23.11

60-64 2,475 0.0380 4,261 52,811 0.0807 253,404 1,022,404 19.36

65-69 2,669 0.0434 5,632 48,550 0.1160 228,672 769,000 15.84
70-74 2,738 0.0372 7,065 42918 0.1646 196,931 540,328 12.59
75-79 2,845 0.0299 8,680 35,854 0.2421 157,569 343,397 9.58
80-84 2,703 0.0346 9,689 27,174 0.3566 111,646 185,828 6.84
85+ 3,958 0.0490 17,485 17,485 1.0000 74,182 74,182 4.24

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: D, is the average number of observed deaths.
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Table C.8 — Life Table for Mixed & Black Males

Bennett & Horiuchi Approach

X Dx AT x A L, A <Ly T, ex
0-4 1,074 0.0174 1,074 82,792 0.0130 410,201 5,501,371 66.45
5-9 92 0.0037 97 81,718 0.0012 408,348 5,091,169 62.30
10-14 162 -0.0149 166 81,621 0.0020 407,692 4,682,821 57.37
15-19 954 -0.0048 931 81,455 0.0114 404,949 4,275,129 52.48
20-24 1,256 0.0032 1,221 80,524 0.0152 399,568 3,870,180 48.06
25-29 1,277 0.0045 1,265 79,303 0.0160 393,351 3,470,612 43.76
30-34 1,458 0.0114 1,503 78,038 0.0193 380,429 3,077,261 39.43
35-39 1,745 0.0180 1,937 76,534 0.0253 377,829 2,690,832 35.16
40-44 2,113 0.0140 2,540 74,597 0.0341 360,635 2,313,003 31.01
45-49 2,653 0.0138 3,419 72,057 0.0474 351,738 1,946,367 27.01
50-54 3,300 0.0207 4,636 68,638 0.0675 331,602 1,594,630 23.23
55-59 3,815 0.0268 6,035 64,003 0.0943 304,926 1,263,028 19.73
60-64 3,964 0.0400 7,407 57,968 0.1278 271,320 958,102 16.53
65-69 3,786 0.0432 8,711 50,560 0.1723 231,024 686,781 13.58
70-74 3,477 0.0356 9,743 41,849 0.2328 184,889 455,757 10.89
75-79 3,095 0.0296 10,206 32,106 0.3179 135,016 270,868 8.44
80-84 2,466 0.0365 9,593 21,900 0.4381 85,516 135,852 6.20
85+ 2,613 0.0399 12,307 12,307 1.0000 50,336 50,336 4.09

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: D, is the average number of observed deaths.
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Table C.9 — Life Table for Females
Standard Method (Unadjusted nMx)

x nMx nax nqx npx lx ndx 5Lx Tx €x
0-4 0.0025 1.50 0.0101 | 0.9899 | 1.0000 | 0.0101 | 3.9749 | 78.5331 78.53
5-9 0.0002 2.50 0.0009 | 0.9991 | 0.9899 | 0.0008 | 4.9476 | 74.5583 75.32

10-14 0.0002 2.50 0.0010 | 0.9990 | 0.9891 | 0.0010 | 4.9430 | 69.6107 70.38

15-19 0.0004 2.50 0.0020 | 0.9980 | 0.9881 | 0.0020 | 4.9355 | 64.6677 65.45

20-24 0.0005 2.50 0.0024 | 0.9976 | 0.9861 | 0.0024 | 4.9247 | 59.7322 60.57

25-29 0.0006 2.50 0.0028 | 0.9972 | 0.9838 | 0.0028 | 4.9119 | 54.8075 55.71

30-34 0.0008 2.50 0.0040 | 0.9960 | 0.9810 | 0.0039 | 4.8952 | 49.8956 50.86

35-39 0.0011 2.50 0.0057 | 0.9943 | 09771 | 0.0056 | 4.8715 | 45.0004 46.06

40-44 0.0017 2.50 0.0086 | 0.9914 | 09715 | 0.0083 | 4.8366 | 40.1289 41.31

45-49 0.0027 2.50 0.0135 | 0.9865 | 0.9631 | 0.0130 | 4.7831 | 35.2923 36.64

50-54 0.0039 2.50 0.0194 | 0.9806 | 0.9501 | 0.0184 | 4.7045 | 30.5092 32.11

55-59 0.0062 2.50 0.0307 | 0.9693 | 0.9317 | 0.0286 | 4.5869 | 25.8047 27.70

60-64 0.0094 2.50 0.0458 | 0.9542 | 09031 | 0.0414 | 4.4120 | 21.2177 23.49

65-69 0.0147 2.50 0.0709 | 0.9291 | 0.8617 | 0.0611 | 4.1558 | 16.8057 19.50

70-74 0.0223 2.50 0.1057 | 0.8943 | 0.8006 | 0.0846 | 3.7914 | 12.6500 15.80

75-79 0.0373 2.50 0.1707 | 0.8293 | 0.7160 | 0.1222 | 3.2742 8.8586 12.37

80-84 0.0609 2.50 0.2644 | 0.7356 | 0.5937 | 0.1570 | 2.5761 5.5844 9.41

85+ 0.1452 6.89 1.0000 | 0.0000 | 0.4367 | 0.4367 | 3.0083 3.0083 6.89

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Table C.10 — Life Table for Males
Standard Method (Unadjusted nMx)

x nMy nlx ndx nPx L ndx sLx Ty ex
0-4 0.0029 | 1.50 | 0.0117 | 0.9883 | 1.0000 | 0.0117 | 3.9708 | 71.7588 | 71.76
5-9 0.0002 | 250 | 0.0010 | 0.9990 | 0.9883 | 0.0010 | 4.9391 | 67.7880 | 68.59
10-14 | 0.0003 | 250 | 0.0014 | 0.9986 | 0.9873 | 0.0014 | 4.9331 | 62.8488 | 63.66
1519 | 0.0013 | 250 | 0.0062 | 0.9938 | 0.9859 | 0.0062 | 4.9141 | 57.9158 | 58.74
20-24 | 0.0016 | 250 | 0.0080 | 0.9920 | 0.9797 | 0.0078 | 4.8792 | 53.0016 | 54.10
25-29 | 0.0016 | 250 | 0.0081 | 0.9919 | 0.9719 | 0.0079 | 4.8400 | 48.1224 | 49.51
30-34 | 0.0020 | 250 | 0.0099 | 0.9901 | 0.9640 | 0.0095 | 4.7964 | 43.2824 | 44.90
35-39 | 0.0026 | 250 | 0.0129 | 09871 | 0.9545 | 0.0123 | 4.7418 | 384860 | 40.32
40-44 | 00036 | 250 | 0.0178 | 0.9822 | 0.9422 | 0.0168 | 4.6690 | 33.7442 | 35.81
45-49 | 0.0054 | 250 | 0.0265 | 0.9735 | 0.9254 | 0.0246 | 4.5656 | 29.0752 | 31.42
50-54 | 0.0081 | 250 | 0.0398 | 0.9602 | 0.9008 | 0.0358 | 4.4146 | 24.5096 | 27.21
55-59 | 0.0122 | 250 | 0.0592 | 0.9408 | 0.8650 | 0.0512 | 4.1970 | 20.0950 | 23.23
60-64 | 0.0176 | 250 | 0.0842 | 0.9158 | 0.8138 | 0.0685 | 3.8978 | 15.8980 | 19.54
65-69 | 0.0257 | 250 | 0.1209 | 0.8791 | 0.7453 | 0.0901 | 3.5012 | 12.0002 | 16.10
70-74 | 0.0368 | 250 | 0.1684 | 0.8316 | 0.6552 | 0.1103 | 3.0000 | 8.4991 | 12.97
75-79 | 0.0580 | 250 | 0.2534 | 0.7466 | 0.5448 | 0.1381 | 23790 | 5.4991 | 10.09
80-84 | 0.0881 | 250 | 0.3612 | 0.6388 | 0.4068 | 0.1469 | 1.6666 | 3.1200 7.67
85+ 0.1788 | 559 | 1.0000 | 0.0000 | 0.2599 | 02599 | 1.4534 | 1.4534 5.59

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Table C.11 — Life Table for Females

Bennett & Horiuchi Approach

x nDx nTx ndx L nfx slx T ex
0-4 3,526 0.0128 3,526 361,900 0.0097 1,797,156 28,316,397 78.24
5-9 246 0.0065 259 358,373 0.0007 1,791,221 26,519,240 74.00
10-14 311 -0.0165 318 358,115 0.0009 1,789,779 24,728,019 69.05
15-19 646 -0.0023 631 357,797 0.0018 1,787,407 22,938,241 64.11
20-24 848 -0.0031 817 357,166 0.0023 1,783,788 21,150,834 59.22
25-29 1,071 -0.0012 1,020 356,349 0.0029 1,779,194 19,367,046 54.35
30-34 1,493 0.0068 1,442 355,329 0.0041 1,773,038 17,587,852 49.50
35-39 2,047 0.0193 2,111 353,886 0.0060 1,764,153 15,814,814 44.69
40-44 2,841 0.0154 3,195 351,775 0.0091 1,750,888 14,050,661 39.94
45-49 4,050 0.0061 4,806 348,580 0.0138 1,730,884 12,299,773 35.29
50-54 5,608 0.0239 7,174 343,774 | 0.0209 1,700,934 10,568,888 30.74
55-59 7,497 0.0284 10,930 336,600 0.0325 1,655,674 8,867,954 26.35
60-64 9,284 0.0380 15,980 325,670 0.0491 1,588,400 7,212,280 22.15
65-69 10,955 0.0434 23,113 309,690 0.0746 1,490,668 5,623,881 18.16
70-74 12,613 0.0372 32,549 286,577 0.1136 1,351,513 4,133,213 14.42
75-79 15,214 0.0299 40,426 254,028 0.1828 1,154,076 2,781,699 10.95
80-84 17,542 0.0346 62,884 207,602 0.3029 880,801 1,627,623 7.84
85+ 32,756 0.0490 144,718 | 144,718 1.0000 746,822 746,822 5.16

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: D, is the average number of observed deaths.
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Table C.12 — Life Table for Males

Bennett & Horiuchi Approach

x nDsx nx nlx L nfx slx T ex
0-4 4,332 0.0174 4,332 385,986 0.0112 1,914,765 27,869,733 72.20
5-9 307 0.0037 324 381,653 0.0008 1,907,457 25,954,968 68.01
10-14 450 -0.0149 401 381,329 0.0012 1,905,493 24,047,511 63.06
15-19 2,046 -0.0048 1,997 380,868 0.0052 1,899,348 22,142,017 58.14
20-24 2,976 0.0032 2,893 378,871 0.0076 1,887,123 20,242,670 53.43
25-29 3,136 0.0045 3,108 375,978 0.0083 1,872,121 18,355,546 48.82
30-34 3,630 0.0114 3,744 372,870 0.0100 1,854,992 16,483,425 44.21
35-39 4,377 0.0180 4,857 369,126 0.0132 1,833,489 14,628,434 39.63
40-44 5,530 0.0140 6,048 364,269 0.0182 1,804,726 12,794,945 35.12
45-49 7,489 0.0138 9,650 357,621 0.0270 1,763,981 10,990,219 30.73
50-54 10,189 0.0207 14,314 347,971 0.0411 1,704,072 9,226,238 26.51
55-59 12,888 0.0268 20,386 333,658 0.0611 1,617,324 7,522,166 22.54
60-64 14,799 0.0400 27,657 313,272 0.0883 1,497,218 5,904,842 18.85
65-69 15,625 0.0432 35,950 285,015 0.1259 1,338,202 4,407,624 15.43
70-74 16,141 0.0356 45,228 249,665 0.1812 1,135,258 3,069,422 12.29
75-79 16,498 0.0296 54,414 204,438 0.2662 880,153 1,934,164 9.46
80-84 15,359 0.0365 59,761 150,023 0.3983 600,715 1,048,011 6.99
85+ 19,166 0.0399 90,262 90,262 1.0000 447,296 447,296 4.96

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.

Note: D, is the average number of observed deaths.
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Appendix D: Additional Results of the Decomposition

Table D.1 - Racial Differences Decomposed across Genders

W - M&B Females

W - M&B Males

Age Group
Dir. Ind. Int. Total Dir. Ind. Int. Total

0-4 0.01 0.28 0.02 0.32 0.01 0.15 0.02 0.18
5-9 0.00 0.04 0.00 0.04 0.00 0.02 0.00 0.03
10-14 0.00 0.05 0.01 0.06 0.00 0.05 0.01 0.06
15-19 0.01 0.11 0.01 0.13 0.02 0.37 0.05 0.44
20-24 0.01 0.14 0.02 0.16 0.02 0.40 0.06 0.48
25-29 0.01 0.15 0.02 0.17 0.02 0.36 0.05 0.44
30-34 0.01 0.19 0.02 0.23 0.03 0.38 0.06 0.47
35-39 0.02 0.25 0.04 0.30 0.04 0.43 0.07 0.54
40-44 0.03 0.33 0.05 0.41 0.04 0.48 0.08 0.01
45-49 0.04 0.40 0.06 0.50 0.06 0.51 0.09 0.66
50-54 0.05 0.45 0.07 0.57 0.07 0.53 0.09 0.69
55-59 0.06 0.50 0.08 0.04 0.08 0.52 0.09 0.68
60-64 0.08 0.49 0.08 0.65 0.08 0.45 0.07 0.01
65-69 0.09 0.47 0.08 0.63 0.08 0.37 0.05 0.51
70-74 0.10 0.38 0.06 0.54 0.08 0.26 0.03 0.37
75-79 0.10 0.26 0.04 0.40 0.06 0.15 0.02 0.22
80-84 0.06 0.11 0.02 0.20 0.03 0.05 0.01 0.09
85+ 0.23 0.00 0.00 0.23 0.11 0.00 0.00 0.11
Total 0.90 4.59 0.68 6.17 0.83 5.50 0.85 7.18

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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Table D.2 — Gender Differences Decomposed across Racial Groups

F - M Whites F - M Mixed & Blacks

Age Group

Dir. Ind. Int. Total Dir. Ind. Int. Total
0-4 0.01 0.11 0.01 0.13 0.00 0.00 0.00 0.00
5-9 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00
10-14 0.00 0.02 0.00 0.02 0.00 0.02 0.00 0.03
15-19 0.01 0.12 0.01 0.14 0.02 0.38 0.05 0.45
20-24 0.01 0.19 0.02 0.22 0.03 0.45 0.06 0.54
25-29 0.01 0.18 0.02 0.21 0.02 0.39 0.05 0.47
30-34 0.01 0.18 0.02 0.21 0.03 0.37 0.05 0.45
35-39 0.01 0.19 0.02 0.23 0.03 0.38 0.06 0.47
40-44 0.02 0.22 0.03 0.26 0.04 0.38 0.06 0.48
45-49 0.03 0.28 0.04 0.35 0.04 0.42 0.07 0.53
50-54 0.04 0.38 0.06 0.48 0.06 0.47 0.08 0.01
55-59 0.06 0.45 0.08 0.58 0.07 0.48 0.08 0.63
60-64 0.08 0.49 0.09 0.65 0.08 0.45 0.07 0.60
65-69 0.10 0.48 0.08 0.66 0.09 0.37 0.06 0.52
70-74 0.11 0.43 0.07 0.62 0.09 0.29 0.04 0.42
75-79 0.12 0.33 0.04 0.49 0.07 0.18 0.02 0.27
80-84 0.10 0.20 0.01 0.31 0.05 0.09 0.00 0.15
85+ 0.06 0.00 0.00 0.06 0.02 0.00 0.00 0.02
Total 0.76 4.25 0.61 5.62 0.74 5.12 0.77 6.63

Source: Own calculations from the 2010 Census, the 2019 PNAD-C (third quarter), and DATASUS.
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