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1. Introduction

Population and Housing Censuses are the main activity undertaken by an official
institute of statistics, and are also the most important source of demographic
information in a country, principally for small geographic areas. The existence of
coverage and quality problems is inherent in activities of this magnitude. Thus, it is
essential to evaluate and measure such problems, in addition to a continuous search
for improvements of the collected information.

Nevertheless, census figures that are subject to error are still valuable if data
limitations are understood by users and if the errors do not adversely affect the major
data uses. In that sense, evaluation studies which examine the results, procedures
and operations used in undertaking a census are necessary for providing both the
producers and users of the data with information needed to assess census quality
(U.S. Bureau of Census, 1985).

At the time of census result publication, the Institute of Official Statistics has a
commitment with transparency regarding the quality of the statistics produced, which
comprises providing users with information necessary to evaluate the quality and
accuracy of questionnaire answers.

“The purpose of census evaluation is to provide users with a level of
confidence when utilizing the data, and to explain errors in the
census result. It is therefore important to choose an appropriate way
of sending out these messages to the right group of people.” (United
Nations, 2008)

Errors in the census results are classified into two general categories — coverage
errors and content errors. Coverage errors are, in general terms, related to failure in
counting persons or housing units, leading to missing or duplicated cases. Content
errors refer to mistakes in the given information of persons or housing units
effectively enumerated.

The uses of the evaluation census process results can be made in several ways:
guiding improvements in future censuses and surveys; assisting users in their
interpretation of the results; adjusting the census results (U.S. Bureau of Census,
1985).

There are many census evaluation methods, but two have stood out as prevailing.
The first is the Post-Enumeration Surveys (PES), in which a sample of households



is revisited after the census, some data collected again and then compared to that
collected by the census in the same areas. The second method of evaluation
censuses is performed through demographic analysis, which consists of evaluating
data using internal consistency within the same census and/or the application of
demographic technigues using administrative records for developing population
estimates, used later to compare to the census results. These two methods
represent the main examples of the so-called direct and indirect techniques for
measuring census coverage.

In principle, these two methods are not competitive, and can even be considered
complementary, since the PES could provide additional information to incorporate to
the populational dynamic analysis. Demographic analysis and the need for
consistency between the populational estimates and the dynamics of its components
could ratify PES results or demonstrate the need for adjusting its figures, or review
the reconciliation exercise attempt to explain the differences. Moreover, the Post-
Enumeration Surveys can provide geographically disaggregated information. The
latter is more complex to obtain by indirect evaluation, in particular because of the
distortions which may occur with open populations regarding mobility, or the
occurrence of local events without an almost unimportant national expression
(CEPAL, 20009).

2. Objectives

This paper aims to present an indirect evaluation of Brazil's 2000 and 2010
Population Censuses in order to achieve the main purposes of an evaluation,
especially adjusting census results with the purpose of utilizing these adjusted
populational figures as the base population used for a starting point of projections
and estimates.

While recognizing the importance of the PES and the combined use of direct and
indirect techniques in the assessment censuses programs, this paper uses only the
indirect technique for measuring the coverage of the Census through demographic
analyzes?.

For the main purpose of this work, graph analyzes and comparisons between the
population structure observed with the "expected" pattern using some indicators like
sex ratio and census survival ratios (CSR) are used. Based on these supports, it is
used the "Demographic Reconciliation” method in order to obtain a more reliable
population number which is finally compared to populations observed in censuses.
Besides measuring the coverage error, especially in certain ages in which omission
is greater, like children, these procedures also enable the estimation of some kinds
of content errors, like age exaggeration in elderly populations.

L In the Brazilian population projections, the adjustment factor obtained for the 2000 Brazilian Census
by conducting demographic analysis was used as a parameter for adjusting the populations from
each state. As it is known that omissions in the censuses are differential by geographic regions, the
factor estimated for the country as a whole was weighted using coverage rates from the 2000
Brazilian Census Post Enumeration Survey (PES) (IBGE, 2013).



It is important to clarify that no technique has the ability to correct the census data
with absolute precision. What has always been sought is eliminating irregularities,
evaluating and adjusting not-expected behaviors from the knowledge of the
characteristics of the studied population, looking for a more believable populational
structure. The objective is using the censuses as the main source of demographic
information, seeking coherence between them and the demographic components.
Care is also necessary in order to not overcorrect the census data.

3. Census Population by age and sex

The structure of the population by age and sex provides subsidies for the calculation
of several indicators, allowing change assessment of the sociodemographic profile
of the population over time. This information also constitutes a powerful tool which
fulfills the purpose of supporting public policy planning, and provides parameters to
be considered in evaluating processes of several social and economic programs.

There are several problems that normally affect information about the age statement
of people in a census or survey. Firstly, it is important to say that it is very common
for only one person interviewed to provide the information for the entire household
unit members, which can result in not knowing date of birth and/or declared age of
other household members.

A significant problem that affects the people’s age information is the preference for
age with terminal digits, in that some people tend to round their ages, accumulating
statements in numbers ending in 0 and 5. In the Brazilian censuses, an important
improvement in in this issue has been observed in the last 50 years, as a result of
advances in information capture, in addition to the decreasing difficulty of the
population to provide their age precisely, which reflects the improvements in
information quality indicators. Despite these improvements, this trouble still remains,
but can be minimized by grouping ages by five year groups.

An additional and recurrent error observed in many populations is that the elderly
tend to declare themselves older than they really are, an increasing trend with
growing age (COALE; CASELLI, 1990; PRESTON; ELO; STEWART, 1999; DEL
POLOLO, 2000; ROMERO; FREITEZ, 2004).

Besides these content errors mentioned before, an additional element significantly
affecting the sex-age structure of the population is the differential of coverage within
these two variables. This may vary from region to region, depending on particular
socioeconomic and demographic characteristics. However, some facts seem to be
recurrent in different places, like the omission of children and the differential
undercount by sex.

Regarding children undercount, there are several factors that may be related to this
differential omission, one being cultural issues, where a child could not be viewed
as a person, nor their existence being considered (CHACKIEL, 2009). Furthermore,
the propensity of the occurrence of this problem can be enhanced if the
characteristics of households are connected to a larger number of children,



especially due to differential fertility in accordance with these characteristics. It is
known that fertility is higher in regions where enumeration is more difficult (WEST,
ROBINSON 1999; O'HARE, 2009).

Another characteristic that affects population distribution by sex and age is the
differential undercount by sex, especially among young adults, in which the male
population tends to be more undercounted that the female. This differential coverage
may be related to family and work relationships, in which adult men have greater
activity rate in the labor market than women, besides greater representation in
single-person households.

4. Evaluation of Brazilian censuses through demographic analysis

Two of the most basic demographic indicators — Census Survival Ratios (CSR) and
Sex Ratios (SR) — provide important contributions to understanding the main
problems in the population by sex and age information discussed in the previous
sections.

CSR refers to the ratio of the observed population in the census in a given age group
and this same population ten years younger in the previous census. This indicator
expresses the evolution of the same cohort over 10 years and can be formally written
as:
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Figure la shows the census survival ratios (CSR), by age in 2000, between the
19902 and 2000 censuses and Figure 1b shows the same information for the 2000
and 2010 censuses, respectively. They show similarity between both CSR of
2000/1990 and 2010/2000, presenting a similar coverage and content error pattern.
It is noted that CSR curves both from men and women do not follow an expected
pattern in a closed population, without differential coverage between two censuses
and without problems in age report. The theoretical pattern® always shows values
greater than 1.0, with a decreasing tendency with the increasing of age — with the
exception of the first groups — as a result of the mortality rate increase. It would be

2 The population of 1991 Census was shifted to 1990.
3 The theoretical pattern (expected CSR) was calculated using life tables from 1990, 2000, 2010 and
their interpolations.



expected also the curve for women being always superior to that for men, reflecting
the mortality differentials by sex, favorable to women.

Figure 1 - Census Survival Ratios (CSR), by age and sex — Brazil
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Source: IBGE — Brazilian Demographic Census of 1991, 2000 and 2010

For the first two age groups the CSR is greater than 1.0, indicating that there would
be fewer children from 0 to 4 years old and from 5 to 9 years old in 1990 than 10-14
and 15-19 ten years later, in 2000. Because an immigration of children at these ages
is unlikely, without the correspondence of this phenomenon in young adults, this
indicates clearly an undercount of children in the first census, which is higher among
0-4 age group. The same pattern is observed comparing 2000 and 2010 censuses.

The analysis of the CSR for the 25-29 age group also shows an incompatibility on
data from the same cohort in the period under examination (1990/2000). However,
differently from the younger age groups, the observed CSR are lower than the
expected values. The literature has shown that the 10-14 and 15-19 age groups are
traditionally well-enumerated (CHACKIEL, 2009). So, an undercount of the 25-29
population is likely, which is consistent with the known young adult's coverage
patterns.

Next age groups show closeness between observed and expected women CSR
curves from 30-34/20-24 to 55-59/45-49, demonstrating consistency between
censuses at these ages.

The gap between observed and expected CSR curves both from men and women
for elderly people can be explained by age exaggeration of this group.

These differences could also be justified by international migration, errors in
estimating mortality, which is used to calculate theoretical CSR and differentials
between two census enumeration. Regarding the first explanation it is unlikely to
occur, according to the knowledge of migration patterns in Brazil, a significant
international migration, especially among the elderly (CAMPOS, BORGES and
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SILVA). Concerning enumeration differentials, it is difficult to assume that older
people are better enumerated than these same cohort ten years earlier. With
concern to the explanation by errors in mortality estimates, simulations considering
changes in the correction of deaths factors through indirect techniques, also showed
little impact on the differences founded between CSR observed and estimated. Thus,
the most plausible explanation for this phenomenon is related to reporting errors in
age between the elderly populations.

Errors in this age group tend to be toward overkill in declared ages, which causes
over-enumeration of older ages. The effect of the cohort size is added to this effect,
in which size decreasing is very rapidly at these ages (CONDRAN, HIMES,
PRESTON, 1991; DEL POLOLO, 2000). Overkiling age by 5% of the male
population from 80 to 84 years old for the next group in 2010, for example, would
increase by 13% the 85-89 population. Besides the trend to exaggerate their own
age, it is also important to note that the percentage of people who provide their own
information tends to decrease rapidly for elderly, reaching only 20% for those who
over 90 year old.

Figure 2 presents observed and expected* Sex Ratios from 1990, 2000 and 2010,
showing differences between the expected and observed sex ratios from 10 to 49
years, evidencing that a differential undercounted by sex remains, with greater
omission for men at these ages. Despite predictable fall in sex ratio with the
increasing of age, the figures observed in demographic censuses do not match the
expected trend for this indicator, even considering the high overmortality existing in
Brazil, especially among youth.

4 Expected Sex Ratio was calculated using a population projection with base population in 1940, in
which population was subjected to mortality rates calculated from 1940 to 2010. The resulting sex
ratio does not depend on fertility, but only the sex ratio at birth and mortality differentials by sex in
that period.



Figure 2 — Observed and Expected Sex Ratios — 1990, 2000 and 2010 — Brazil
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5. Demographic Reconciliation

Population censuses assessment was taken from a demographic reconciliation. This
process, combined with the cohort-component method, is a tool that aims to obtain
adjusted structures by age and sex from the enumerated population in the census
using the knowledge about the parameters that represent the country’s demographic
dynamics.

Considering the principle that there are no prescriptions that could be automatically
applied in each case, more than a statistical / mathematical procedure, it is an
analysis of the data with demographic criteria. This technique is based on own
census data besides the knowledge and experience accumulated over the error
patterns that affect this information. From there, the most plausible demographic
dynamics for the country are represented and, as a by-product, the functions of
census error can be obtained by sex and age. This dynamics includes, besides the
estimation of population by age and sex, the components of growth that explain its
evolution: fertility, mortality and international migration (CHACKIEL, 2009).

In the exercise made for this paper, 1990 and 2010 populations were, respectively,
projected and back-projected to 2000 — using fertility and mortality estimations — in
order to compare with the observed population in the 2000 census.



Based on the previous analysis of the sex ratios and the census survival ratios,
resulting in coverage and quality evaluation, age groups of each census were
chosen.

In general, the choice of the information to be used for each group was as follows:

* not using the information observed in Census 2000 for groups 0-4 and 5-9.
Population for 0-4 group was estimated from an average between the group
generated from the estimates of births between 1995 and 2000 and the back-
projected 10-14 population. For 5-9 group the average was made again, but only
using the female population, since the sex ratio in 2010 for 15-19 age group have
presented values lower than expected, indicating a higher undercount between men
comparing with women;

» from 10 to 49 years old, due to higher male population underreporting, only
information coming from women was used, preferably those well-enumerated
groups discussed above, and;

« for age groups older than 50 years old, information was used both from men and
women, since, for these ages, a certain consistency was shown in the observed sex
ratios in demographic censuses. Regarding the choice of the groups according to
the censuses used, it was seen that the biggest problem affecting the enumeration
at these ages comprises errors in age declaration, in which there is a general
tendency to exaggeration, an increasing trend with age. Thus, the information
coming from the 1990 Census was prioritized, as it refers to groups of younger ages.
Descriptive analyzes and literature considered show that people who were between
60 to 64 years in 1990, for example, would offer more reliable information than the
same cohort 20 years later, from age 80 to 84 in 2010.

Figure 5 shows the observed and adjusted structure by age and sex in 2000. It
shows, for both sexes, an omission of children from 0 to 9 years old. Furthermore,
omission of men at working age was also observed, being higher in the 20-24 age
group, a range that also presents a minor omission among women. For the elderly,
over-enumeration was observed, which is, as discussed above, associated to
problems related to age statement among this group.

Demographic reconciliation resulted in a total population adjustment around 2.1%
for the 2000 Census.



Figure 5 - Population by Age and Sex - Observed and Adjusted - Brazil, 2000
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6. Conclusions and Challenges

There are several types of errors in the census information, which can differently
affect the population by age and sex. The exercises of evaluating and adjusting
population lead to a more reliable estimate, which can be used, among other ends,
as the base population for projection starting point.

An important challenge is the coverage estimation for small areas, like states and
municipalities, areas in which this demographic technique cannot be performed.
Another issue is related to looking for more accurate fertility, mortality and migration
estimations, in order to improve the quality of the basic information used in the
method.
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