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This report details procedures used to reconstruct age-specific fertility rates in Brazil from 1966 to 2010. This reconstruction is based on indirect demographic techniques, using reverse-survival computations, specifically, the Own-Children Method (OCM), developed by Retherford and Cho, (1978) and Cho et al. (1986).
DATA AND METHODOLOGY
To reconstruct births of Brazilian population during the analyzed period extensive use was made of the microdata collected by the population Censuses in 1980, 1991, 2000 and 2010. The OCM application has the following requirements, which will be described in more detail below. First, all children aged from 0 to 14 years whose mother was identified were classified by their age and by their mother’s age. Second, all children aged from 0 to 14 years whose mother could not be identified were classified by age. In the third step, all women aged 15–65 were classified by age. Finally, both child survivorship and female adult mortality rate were estimated for the analyzed period. 
1. THE OWN-CHILD METHOD (OCM) AND THE RECONSTRUCTION OF FERTILITY IN BRAZIL
The OCM is a census or survey-based reverse-survival technique designed to estimate age-specific fertility for the period preceding the enumeration (Retherford and Cho, 1978). In the absence of detailed data on reproduction, this reverse-survival method, also called reverse-projection, uses current age structure and assumptions about mortality in a given population to reconstruct age structure of this population in the period preceding the survey.
The estimation follows an explicit order. First, the enumerated children are matched to their mothers living in the same household (Retherford and Cho, 1978; Cho et al., 1986). These matched (i.e., 'own') children, classified by their age and by mother's age, are “reverse-survived” to estimate the number of births by age of mother in previous years. Reverse survival is similarly used to estimate the number of women by age in previous years. After adjustments for under-enumeration (mainly due to undercount and age misreporting) and unmatched (i.e., “non-own”) children, age-specific birth rates are calculated by dividing the number of reverse-survived births by the number of reverse-survived women (Retherford and Cho, 1978).
The allocation of children (from zero to 14 years-of-age) to the respective mother (from 15 to 64 years-of-age) in the census data is based on the information on their relationship to the head of the household, to other women in the household, and the mothers’ information on the number of children ever born and children surviving. Once the data were matched, I have tabulated age of children by age of their mothers. In some cases, it was not possible to match children with their mothers. This occurs either because the information about the relationship to the head of the household is insufficient, or because some children do not live in the same household as their mother or because the mother is deceased. These children are so-called ‘other than own,’ or, simply ‘not-own’ children in the household. They are proportionally distributed by age of mother using the age distribution of the mothers with identified own children. Besides this addition of ‘not-own’ children, age misreporting and age under-enumeration can also bias the data. Finally, survivorship function is applied to generate the number of births by age of mother for the years prior to the survey (Retherford and Cho, 1978).
The OCM has important advantages over other methods that reconstruct age-specific fertility rates from census or survey data (Retherford and Cho, 1978). The method can simply be applied to an existing census or survey, and it does not require additional data, except for life tables or mortality estimates used in computing reverse survival. If these are not available, survivorship may also be estimated directly from the census or survey by linking estimates of child mortality — based on commonly asked questions regarding total children ever born and children surviving — to appropriate model life tables. Furthermore, the OCM is not very sensitive to life table estimation errors under mortality levels currently prevailing in most parts of the world (Retherford and Cho, 1978; Cho et al., 1986).
2. THE MATCHING PROCEDURE
The matching of births to eligible mothers was performed using the FERT.exe program. This is a MS-DOS platform program, developed by the East-West Center in Honolulu, Hawaii (USA). Further information is available online on East-West Center website
. 
The matching was employed separately for each census. Thus, for each census I have obtained the following tabulations: 
1) Children aged from 0 to 14 years whose mother was identified. These records are classified by children age and mothers’ age; 

2) Children aged from 0 to 14 years whose mother could not be identified. These records are and classified by children’s age only;

3) All women aged 15–65 classified by age. 

For the censuses 1991 and 2010, the question concerning head of the household made a distinction between children and stepchildren. Consequently, stepchildren were removed from the database if: 

1) The household head is a man and only he is the biological parent of the children, and;
2) The household head is a woman and her spouse is the biological father of the stepchildren present children in the household.     

In the censuses 1980 and 2000, the distinction between children and stepchildren was not made. However, based on the information from other censuses, it is worth noting that the number of stepchildren present in the household was small, close to 1.5 percent.   
3. RECONSTRUCTING AGE-SPECIFIC FERTILITY RATES FROM 1966 TO 2010
Once the births and the mothers were matched, age-specific fertility rates (ASFR) were estimated for reproductive ages ranging from 15 to 49 years. Fertility rates were estimated retrospectively from the base-year (census year) up to 14 years prior to the census. Specifically, the analyzed censuses yielded estimates of ASFRs in the following years: 1966–1980 (census 1980), 1977–1991 (census 1991), 1986–2000 (census 2000), and 1996–2010 (2010).
3.1. Corrections for census under-enumeration and application of surviving functions
According to the Brazilian Institute of Geography and Statistics (IBGE) Brazilian censuses are affected by the following problems: 1) undercount of children under age 5; 2) incorrect age reporting, particularly among the adult women and especially after age 60; 3) systematic underreporting of young adult population, and; 4) errors associated with non-coverage of specific enumeration areas, such as areas with difficult access, slums, and areas with high levels of violence (IBGE, 2008).
I have corrected the population's under-enumeration, adjusting the estimated numbers of births and mothers, based on the information in table 1. Taking into account the above-listed distortions in the census, the correction for under-enumeration was applied only for children below age 5 and women aged 15 to 49.
Table 1: Estimates of census undercount (percentage), absolute and relative estimates of the degree of population under-enumeration in Brazil, 1980-2000
	Census year
	Estimates of census population under-enumeration

	
	Degree of coverage (%)
	Absolute number of population not enumerated 
	Percentage of population not enumerated

	1980
	98.2
	2176.9
	1.8

	1991
	96.4
	5491.3
	3.6

	2000
	97.0
	5290.5
	3.0

	Source: Table adapted from IBGE 2008. 
Notes: For year 2010, I assume the population omission of 3% (Alves, 2010).


Since mortality in Brazil has been declining over time and at different pace across regions (Oliveira and Albuquerque, 2003; IBGE, 2009), the exact survival function to be applied in each census estimation cannot be derived. Consequently, I have decided to use a model life table. In order to obtain the reverse survival function for each census, I chose a Coale-Demeny model life table, namely, the “West” life table
 (Coale and Demeny, 1983). Given the continued mortality decline in the country, I assumed that mortality was declining during the period prior to each population census
. 
The OCM has several methodological limitations. The first limitation is related to distortions in the age pattern of fertility and the estimated fertility trend, caused by age misreporting. Age misreporting typically causes year-to-year fluctuations in own-children fertility estimates. To minimize errors caused by age misreporting, I have decided to aggregate the estimates into five-year age groups. Furthermore, because I have four censuses to compare, I have overlaid
 the four sets of 15-years of TFRs and ASFR estimates in order to retrospectively generate a single series of fertility rates by age from 1966 to 2010. 

Another drawback relates to the method itself. The OCM does not work with complete childbearing history, since the method excludes children who were not alive or present in the household at the time of the census. This also limits estimations of birth intervals. Finally, the constraint of allocation errors must be considered, concerning “own children” and “other than own children”, even if this bias tends to be less serious than age misreporting (Cho et al., 1986). According to Avery et al. (2013), all these problems affect the Own Children method only modestly.
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� Due to heterogeneous regional patterns of mortality decline in Brazil (IBGE, 2009), a single mortality pattern cannot be used for the whole country. In these cases, the use of the West life table is recommended (Childs, 2004).


� This mortality decline follows an increase of the life expectancy, which was published by the Ministry of Health Database; see Datasus (2011); Ansiliero (2011); Carvalho (1978). In the years for which life expectancy was not published, I have estimated it using linear interpolation.   





� For example, retrospective fertility estimates derived from the censuses of 2000 and 1991, resulted in an overlap of both datasets in six years (1986-1991). I systematically compared the TFRs and ASFRs for each of these six years and then I chose a single year with the closest values of total fertility rates and age-specific fertility rates. This was then defined as a “dividing year” when the reconstructed fertility rates switched from one dataset to the next. I performed the same procedure for all the other censuses as well and, in this way, generated the whole series of fertility data from 1966 to 2010.     
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