
The Stata Journal (2001)1, Number 1, pp. 1–28

The own-children method of fertility estimation
using Stata

Abstract. This article presents ocm, a program to calculate age-specific fertility
rates using an advanced version of the Own-Children Method, originally proposed
by Grabill and Cho (1965). The software provides a graphical representation of av-
erage fertility patterns by age over the last 15 years, generates weighted estimates
for various population subgroups, enhances accuracy by focusing calculations on
biological connections between children and their mothers, and delivers 15 repro-
ductive measures. These measures include total and net fertility rates, mean age
at childbearing, the percentage of teenage pregnancies, the proportion of childless
women, the percentage of unmatched children, and the replacement level of fertil-
ity. I demonstrate the capabilities of ocm using 2010 Brazilian Census microdata
sourced from IPUMS-International.
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1 Introduction

The Own-Children Method (OCM) is an appealing reverse-survival technique for esti-
mating the average number of children women and men have over their lifecycles (Cho
et al. 1986; Dubuc 2009; Grabill and Cho 1965; Schoumaker 2017, 2019). The method
generates fertility levels and trends over the past 15 years, across population subgroups,
and in countries without comprehensive birth registration. In addition, despite imper-
fections in data and minor deviations from its assumptions, OCM consistently delivers
reliable results (Abbasi-Shavazi et al. 2013; Avery et al. 2013; Retherford and Cho 1978;
Rindfuss 1976; Timaeus 2021).

The application of OCM, however, has been limited by its extensive computational
demands. These include algorithms for associating children with their potential moth-
ers, determining maternal age at the time of each birth, special tabulations of births by
mother’s age at single-year intervals, identifying and reallocating children with uniden-
tified mothers, reverse survival calculations for children and women prior to a census,
and averaging age-specific fertility rates across different ages and time periods. To
streamline these processes, this article introduces ocm, a Stata command that efficiently
computes reproductive measures and fertility rates using OCM (United Nations 1983).1

Designed to work with census and survey data, ocm is particularly effective with the
Integrated Public Use Microdata Series (IPUMS) sources, such as IPUMS-USA, IPUMS-

1. A user-friendly dialog box for implementing ocm is accessible through the Stata menu under User
→ Statistics → Fertility Estimation using the Own-Children Method (ocm), or by entering db

ocm in the Command window.
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International, and IPUMS-CPS (Ruggles et al. 2024b,a; Flood et al. 2023). I reccomend
the use of IPUMS data because it provides standardized, high-quality demographic
variables essential for applying the OCM, ensuring robust fertility estimates. As of
April 2024, for example, these variables were available for approximately 100 countries
and 511 periods (Ruggles et al. 2024a).2 The data required by OCM is also, by far, the
most available and covering the largest age range in Demographic and Health Surveys
(Schoumaker 2017, 806).

The following section details the origins, assumptions, robustness, and prior applica-
tions of OCM across various contexts and populations. Subsequent sections describe the
algorithms of ocm and illlustrate its capabilities using 2010 Brazilian census microdata
categorized by race (White, Brown, or Black).

2 Background

Wilson Grabill and Lee Jay Cho were the first to propose a strategy to estimate fertility
rates by linking children in the household to their presumed mothers (Grabill and Cho
1965). This technique, which became known as the Own-Children Method, employs
reverse-survival to calculate the number of women (denominator) and the number of
births (numerator) over the preceding 15 years who were living in the same family and
who had a mother-child tie. Age-specific fertility rates can then be estimated by dividing
the number of births by the number of women at each year preceding the enumeration
(Cho et al. 1986).

The Own-Children Method has several distinct advantages: (i) it generates detailed
age-specific fertility by single years of age and across socioeconomic characteristic such
as income, race, religion, marital status, geographical location, occupation, and educa-
tion; (ii) it only requires data from a single census or cross-sectional survey to produce
estimates for up to 15 years before the survey date; (iii) it remains effective in popula-
tions with low migration rates during the periods previous to enumeration; and (iv) it
exhibits a high tolerance to errors in recall and temporal fluctuations in mortality rates
(Feeney 1975). The accuracy of OCM, however, depends on the quality of the input
data and the validity of its underlying assumptions (Grabill and Cho 1965; Retherford
and Cho 1978). Specifically, the OCM may be susceptible to five sources of error or
assumptions that need to be critically evaluated.

The first and most significant source of error in OCM is age misreporting (Myers
1940, 1954). Incorrect reporting of children’s age can skew the observed age pattern and
trends in fertility leading to apparent fluctuations from year to year (Cho et al. 1986).
However, the impact of age misstatement can be mitigated by smoothing population
counts by single years of age or aggregating estimates across five-year age groups over
several years (Abbasi-Shavazi 1997; Abbasi-Shavazi et al. 2013).

The second source of error is enumeration underreporting. When the underenumer-

2. For example, the key variable MOMLOC, which establishes the mother-child link within the
household, is consistently available across all these datasets Sobek and Kennedy (2009).
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ation of children and women is not uniform, fertility estimates will be inherently biased.
Nevertheless, the risk of differential underenumeration is reduced when both the num-
bers of births and women come from the same data source. Moreover, reverse-surviving
older children to estimate the numerator of fertility rates minimizes the undercount
of newborns in censuses and surveys (Hattersley and Creeser 1995). In most devel-
oped countries, the underenumeration of births is below 2%, but it can get as high as
59% in the least developed regions (UNICEF 2023). In Brazil, for instance, the birth
registration completeness exceeds 95% (Hunter and Sugiyama 2018).

The third underlying assumption of OCM is low rates of migration, or what is
alternatively termed the “constancy of group membership” (Rindfuss 1976, 1977). If
there is substantive change in the composition of the group status (such as occupation,
education, religion, race etc.) over the 15 years preceding the data collection, fertility
estimates could be misleading. Stated differently, if there is moblity across categories
over time, then the constancy of group-membership assumption is violated, which would
bias historical fertility estimates. However, if migration rates are low or the fertility
patterns of migrants resemble those of non-migrants during the estimation period, the
impact of violating the constancy of group membership assumption may be negligible
(Retherford and Cho 1978).

The fourth potential issue arises from mismatches between mothers and their own-
children. Situations where the mother has died, does not reside in the same household,
or the connection to her offspring is social rather than biological – as in cases of adoption
or stepchildren – can result in numerous “non-own” children. To avoid underestimat-
ing fertility rates, these unmatched children must be redistributed among identified
mothers, typically under the assumption that fertility and mortality patterns are con-
sistent across both identified and unidentified mothers. Although mismatches can lead
to bias, it is generally less significant than errors caused by age misreporting, and can
be further reduced by ensuring that the mother-child linkages are confinedto biological
relationships (Abbasi-Shavazi 1997; Krapf and Kreyenfeld 2015). Moreover, even when
the proportion of non-own children is as high as 30%, the impact on fertility estimates
remains minimal (Cho et al. 1986).

The fifth assumption concerns the temporal constancy of mortality rates. Theoreti-
cally, if there have been substantial changes in the survivorship of children and women
over the past 15 years, it would be imprudent to apply a constant life table for reverse
survival calculations. However, in practice, OCM exhibits low sensitivity to innaccura-
cies in life table estimates or variations in mortality. Spoorenberg (2014) demonstrated
that even significant shifts in life expectancy – ranging between 10 and 20 years – have
a negligible effect on fertility estimates.

Overall, minor deviations from these assumptions have slight impacts on OCM fer-
tility estimates. The method’s reliability stems from its ability to provide accurate
fertility trends even with unadjusted data (Rindfuss 1976), and it continues to yield
results comparable to those obtained from birth history analysis, even when faced with
potential errors (Abbasi-Shavazi 1997; Avery et al. 2013; Dubuc 2009; Schoumaker 2017;
Retherford and Alam 1985). Due to its robustness, OCM has been applied to a multi-
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tude of settings, particularly where data from vital registration systems are incomplete
or unavailable for certain population subgroups (Abbasi-Shavazi et al. 2013; Dubuc
2009; Hacker 2003). In Brazil, the method has been employed to estimate fertility
across different years, regions (Lima et al. 2018; Miranda-Ribeiro 2007; Wong 1983a,b),
and income classes (Muniz 2012), highlighting its versatility and effectiveness in diverse
contexts.

3 Required data

The implementation of the Own-Children Method relies on three specific datasets:

1. The probabilities of child survivorship from age 0 to 15 years;

2. The probabilities of survivorship for adult females from age 15 to 65 years;

3. A set of variables identifying persons and households, ideally extracted from
IPUMS (Ruggles et al. 2024b,a; Flood et al. 2023).

The first two datasets, containing probabilities of survival, must be provided by external
.dta files before evoking ocm.3 Additionally, the third dataset must include the following
variables:4

. use Brazil_2010_census.dta, clear

. ds, detail

storage display value
variable name type format label variable label

country byte %8.0g COUNTRY country
year int %8.0g YEAR year
serial double %12.0g household serial number
pernum byte %8.0g person number
perwt double %12.0g person weight
momloc byte %8.0g mother´s location in household
stepmom byte %8.0g STEPMOM probable stepmother
age byte %8.0g AGE age
age2 byte %8.0g AGE2 age, grouped into intervals
sex byte %8.0g SEX sex
race byte %8.0g RACE race or color

These variables, available via IPUMS for over 100 countries, are crucial for imple-
menting OCM. To illustrate the procedure I use microdata from the 2010 Brazilian
census. Note that the name of these variables across datasets must be consistent as ocm
references them internally. The variables “person weight” (perwt) and “race or color”

3. In section 5, I demonstrate how to derive survival probabilities for children and women by single
years of age using an iterative method of mortality estimation (Merli 1998; Muniz 2023).

4. I utilized texdoc for integrating Stata outputs into LATEX(Jann 2016).
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(race) are optional but useful. The first expands the sample to represent total popu-
lation counts, while the second facilitates the analysis of fertility rates across different
racial subgroups.

The IPUMS’s constructed variables momloc and stepmom are particularly important
because they identify the link between children and their potential mothers within the
same household. Variable momloc indicates whether a child’s mother resides in the
same household, distinguishing between social (e.g., stepmothers, adoptive mothers)
and biological relationships. This linkage is essential to OCM’s ability to accurately
estimate fertility. More details on the matching criteria between children and their
likely mothers are discussed in Sobek and Kennedy (2009).

4 On mathematical notation

I utilize matrix notation to present the methodologies employed in the own-children
method for two primary reasons: firstly, because ocm extensively uses Mata for com-
putation; and secondly, to ensure clarity and avoid visual clutter in the presentation.
Matrices are denoted by bold uppercase letters (C,W,F); vectors are represented by
bold lowercase letters (p, c,aw,k); and individual elements or scalars are indicated by
italicized lowercase letters.

To differentiate similar vectors or matrices referring to different periods, or those with
varying lenghts and elements, I use superscripts (e.g., pc and pw). I use subscripts to
identify the row and column positions of elements within vectors or matrices (k16,Ca,16).
Multiplication by a vector of ones (151,118) represents the summation of elements in
vectors and matrices. Other mathematical symbols and operations are defined locally
as needed, including operations such as element-wise division (�), multiplication (�),
transpose (ᵀ), among others.

5 The OCM algorithms

The own-children method of fertility estimation involves a sequence of ten consecutive
steps:

Step 1. Estimation of survivorship probabilities for children aged 0 to 15 years

These probabilities must be independently obtained and specified in ocm. They are
employed to back-project the number of children reported in the date of the survey
or census 15 years into the past (e.g., in step 7). Children’s survivorship probability,
denoted as pc, is equal to one minus the probability of dying between successive ages
(qc):

pc = 1 − qc (1)

Here, 1 is an all-ones vector, and qc is a column vector with entries representing
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the probability of death between ages consecutive ages x and x + 1, x+1q
c
x. The vetor

spans from 1q
c
0 to 16q

c
15. There are several ways to obtain a life table containing these

probabilities (Preston et al. 2001; United Nations 1983)¿ However, for precision and
efficiency, I use an iterative method of mortality estimation developed by Merli (1998)
and implemented in Stata by Muniz (2023).

This method requires two age-specific population distributions and the average num-
ber of deaths between them. For this study, I use the 2010 and 2022 population counts
from the Brazilian censuses (IBGE 2024), along with and the mortality data from the
Brazilian Ministry of Health (Ministério da Saúde 2024). Below is the Stata code snipet
used to generate the survival probabilities for ages 0 to 15:

. use br2010_22.dta, clear

. qui ilt, interval(12) // from Muniz(2023)

. mata p=1:-qi //Probability of surviving

. getmata p

. forval x=1(5)80 {
2. qui insobs 4, after(`x´)
3. }

. qui replace age=_n-1

. foreach var of varlist p {
2. ipolate `var´ age, gen(`var´c)
3. }

. drop pop_2010 pop_2022 deaths p

. qui drop in 17/l

. lab var age "Exact age"

. lab var pc "Prob. of surviving btw. ages x and x+1"

. qui save Lkids.dta, replace

. list, noobs clean

age pc
0 .97902375
1 .98287902
2 .98673428
3 .99058955
4 .99444481
5 .99830008
6 .99818876
7 .99807744
8 .99796612
9 .9978548
10 .99774349
11 .99650878
12 .99527407
13 .99403936
14 .99280465
15 .99156994

The output variable, pc, indicates survival probabilities. It shows, for instance, a
97.90% probabilitiy of surviving the first year of life, and a 99.16% probability from age
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15 to 16. The saved dataset (Lkids.dta) is indispensable for ocm in step 7.

Step 2. Estimation of survivorship probabilities for adult females aged 15 to 65 years

This step mirrors the process described for children, adapting it to adult females
between ages 15 and 65 years. The key difference is that the input data used in ilt –
population counts and the average number of deaths over the period – refer to adult
women instead of children. Namely:

. use br_women2010_22.dta, clear

. qui ilt, interval(12)

. mata p=1:-qi

. getmata p

. forval x=1(5)80 {
2. qui insobs 4, after(`x´)
3. }

. qui replace age=_n-1

. foreach var of varlist p {
2. ipolate `var´ age, gen(`var´w)
3. }

. drop pop_2010 pop_2022 deaths p

. qui drop in 1/15

. qui drop in 52/l

. qui list, noobs

. lab var age "Exact age"

. lab var pw "Prob. of surviving btw. ages x and x+1"

. qui save Lfemale.dta, replace

The variable in the second column of Lfemale.dta is similar to (1), and can be
expressed as

pw = 1 − qw (2)

where pw is a column vector representing the probabilities of female survival, by sin-
gle ages between 15 and 65 years. The resultant dataset, Lfemale.dta, is crucial to
implement step 8 in OCM.

Step 3. Tabulation of children by age and their mothers’ age

Matrix C, also referred to as “the own-children tabulation”, is compiled by cross-
tabulating two variables: 1) the mother’s single year of age (spanning ages 15 and 65
years, represented by rows), and 2) the child’s age (ranging from 0 to 15 years, repre-
sented by columns). The age of the mother is obtained from momloc, a variable included
in most census data provided by ?. This variable indicates whether or not the per-
son’s mother lived in the same household. It identifies social (stepmother and adopted
mother) and biological relationships, and is available for analysis in over 100 countries.
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A snapshot of this 51 by 16 tabulation matrix, using unweighted 2010 Brazilian census
data, is

. use Brazil_2010_census.dta, clear

. qui ocm, p_children(Lkids.dta) p_female(Lfemale.dta) nodraw

. mata C

(Output partially omitted )

C =



3515 814 216 110 75 57 43 41 · · · 18 14
6698 3527 842 287 158 129 104 79 · · · 34 15
9716 6654 3579 971 351 193 161 134 · · · 43 27
12288 10077 6733 3662 1083 448 230 208 · · · 55 65

...
...

...
...

...
...

...
...

. . .
...

...
11 12 13 28 19 20 45 48 · · · 219 277


The first element of this matrix indicates that in 2020 there were 3515 newborn

children whose mothers were 15 years old. COnversely, the last element shows that
women aged 65 years had 277 children aged 15 years old in 2010. The sum of all
elements in C represents the total number of children whose mothers were identified in
the same household.

Step 4. Number of children with unidentified mothers, classified according to their
own age

The count of children with unidentified mothers (cu) is obtained in a similar manner
by tabulating instances where the mother’s age is missing, against the children’s own
age (from 0 to 15 years). This is illustrated as follows:

cu =
(

7660 11339 14625 17883 20942 · · · 49564 57093
)

This row vector reflects the age-specific counts of children whose mothers were not
recorded in the dataset. For instance, there were 7,660 unidentified cases for newborns
and 57,093 cases for 15-year-olds. These children will be proportionally reallocated
among identified mothers in subsequent steps (specifically, steps 6 and 7) to better
estimate the overall fertility rates.

Step 5. Tabulation of women (regardless of motherhood status) by single year of age

The number of women by single year of age, ranging from 15 and 65 years, encom-
passes those who have been exposed to the risk of childbearing. Notice that the vector
aw includes counts of adult women beyond the reproductive period (i.e., older than 49
years) because these women will be backprojected to their earlier reproductive ages in
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step 8, thereby accounting for the entire fertility history of the cohort.

aw =



197466
187722
183980

...
66025
66186


Each entry in vector aw represents the number of women at a specific age who were

considered potentially fertile at some point. For instance, the first element of aw shows
that there were 197,466 women aged 15 and 66,186 women aged 65 according to the
2010 Brazilian census. These figures illustrate the structure of the female population
within the studied age range and provide the foundation for further demographic and
fertility analyses in subsequent steps.

Step 6. Adjustment factors for redistributing children with unidentified mothers

The reallocation of children with unidentified mothers involves computing an expan-
sion factor, denoted as k, to account for the proportional redistribution of these children
across various age groups from 0 to 15:

k = 116 + cu � 151C =
(

1.0263 1.0395 1.0508 · · · 1.1442 1.1660
)

In this equation, 116 and 151 are row vectors of ones, sized 16 and 51, respectively;
� represents the element-wise division; and 151C calculates the total children with
identified mothers by age through summing the elements in C. The row-vector k is
then used to adjust the counts of identified children by age, increasing, for example, the
number of identified children at age 0 by 2.63% and at age 15 by 16.60%.

This procedure of redistributing the unmatched children assumes that the age pat-
tern of (unobserved) non-coresident mothers is similar to that of mothers living with
the their children. Timaeus (2021), however, points that this assumption would distort
the age pattern of fertility because maternal orphans tend to be concentrated among
older women. As a result, assuming that the distribution of unmatched children inde-
pends of the mother’s age will likely overestimate the fertility of younger women and
underestimate that of older ones. To overcome this challenge, Timaeus suggests that
only children whose mother is alive should be included in the numerator of age-specific
feritlity rates. This is an ingenious solution, but it depends on the availability of the
question ”Is this child’s mother alive?” in the census or survey under investigation.5

Alternatively, the proportion of children with living mothers could also be obtained

5. The variable (e.g., mortmot) indicating whether the person’s biological mother was still living at
the time of the census was available for 42 countries and 83 periods in IPUMS-I (Ruggles et al.
2024a).
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through a predefined linear equation, but this would require a new set of underlying
assumptions (Timaeus 2013).

Another alternative to include the unmatched children into the numerator of age-
specific rates would be to create a rule to assign them to living mothers in the data set.
Schoumaker (2017), for example, has used this strategy to randomly link unmatched
children to fathers. In the case of female fertility, however, there is no justifiable reason
to assume that the distribution of unmatched children among living mothers is random.
Moreover, inputting the mother’s age to unmatched children – using Stata’s mi suite of
commands, for example – would increase ocm’s computation time, making it inefficient
and likely generating results and biases similar to those produced by the traditional
OCM approach. The bias caused by the missalocation of unmatched children on recent
age-specific and total fertility rates is in general negligible, especially when the number
or orphans is small, but these adjustments are crucial for accurate demographic analysis
(Timaeus 2021, 834-835)].

Step 7. Reverse survival of children

The number of births (b) occurring in a past year (t−15+x) to mothers between 15
and 49 years is given by the average of children surviving to these mothers at successive
ages a and a+ 1. Thus

bt−15+x
a =

k17−xCa,17−x

pc
17−x

(3)

bt−15+x
a+1 =

k17−xCa+1,17−x

pc
17−x

(4)

and

bt−15+x =
bt−15+x
a + bt−15+x

a+1

2
(5)

In this formulation, subscript a denotes mothers’ ages spanning from rows (17 − x)
to (51 − x) in matrix C, corresponding to ages 31 to 65. Subscript a + 1 indexes the
elements of C located between its (18− x)th and (52− x)th rows. The other subscript,
(17 − x) = 16, 15, 14...2, indexes the position of the column in vectors k, pc, and in
matrix C. It also represents the child’s age x years prior to the survey. For example,
using data from the 2010 Brazilian census to compute the number of births in 1996, we
find:

b1996
a =

k16

pc
16

Ca,16 =
1.1660

.99156994



4426
7475
12080

...
295
246


=



5204
8790
14205

...
347
289


(6)
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b1996
a+1 =

k16

pc
16

Ca+1,16 =
1.1660

.99156994



7475
12080
151164

...
246
277


=



8790
14205
17831

...
289
326


(7)

Thus, the estimated number of births in 1996 to women aged 15 to 49 is derived by
averaging vectors from (6) and (7):

b1996 =
b1996
a + b1996

a+1

2
=



6997
11497
16018

...
318
307


(8)

For operational convenience, these vectors of birth counts spanning the last fifteen
years are consolidated into a single matrix B, containing 35 rows (representing mother’s
ages from 15 to 49 years) and 15 columns (for each of the past 15 years):

B =
(

b1996 b1997 · · · b2010
)

=


6997 7567 · · · 5384
11497 12194 · · · 8847
16018 16590 · · · 11758

...
...

. . .
...

307 294 · · · 114

 (9)

This matrix provides a comprehensive view of historical birth trends and is instru-
mental in further demographic analyses.

Step 8. Reverse survival of women

The number of women who were alive and exposed to the risk of having children in
the past 15 years (wt−15+x) is obtained by back-projecting the female adult population
using the probabilities of survival in pw. This process is delineated as follows:

wt−15+x
a = awa � pw

a ⊗ pw
r (10)

wt−15+x
a+1 = awa+1 � pw

a+1 ⊗ pw
r (11)

and

wt−15+x =
wt−15+x

a + wt−15+x
a+1

2
(12)
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where a and a + 1 are as in (3) and (4), r indexes the probabilities of female survival
between rows 1 and 35 (or ages 15 and 49 years) of pw, and ⊗ is the element-wise
multiplication of column vectors. The number of women in 1996, for instance, is

w1996
a =


181048
164707
165617

...
66025

�


.9928
.9922
.9915

...
.9039

⊗


.9965
.9963
.9962

...
.9703

 =


181725
165399
166390

...
70879

 (13)

w1996
a+1 =


164707
165617
157417

...
66186

�


.9922
.9915
.9909

...
.8972

⊗


.9965
.9963
.9962

...
.9703

 =


165427
166418
158252

...
71580

 (14)

and thus

w1996 =
w1996

a + w1996
a+1

2
=



173576
165909
162321

...
72854
71230


(15)

Similar to (9), the vectors containing the number of women between ages 15 and 49
in the past 15 years can be arranged into a single matrix W of the same order as B,
with 35 rows and 15 columns:

W =
(

w1996 w1997 · · · w2010
)

=


173576 165909 · · · 71230
178210 173547 · · · 72705
16018 16590 · · · 11758

...
...

. . .
...

185898 182948 · · · 116051

 (16)

This matrix serves as a key tool for further demographic analyses and planning.

Step 9. Calculation of age-specific fertility rates

The number of births to women by age group is defined by the following matrix
operation:

F = B � W (17)
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Here, F is a 35 x 15 matrix containining single age-specific fertility rates for women
between 15 and 49 years (rows), over the past 15 years (columns). However, because
of age-reporting errors – such as age-heaping and the under enumeration of children
below age 5 –, single age estimates are likely erratic. To mitigate these issues and
facilitate comparison with alternative fertility estimation methods which utilize five-
year age group estimates, I adopt a smoothing technique recommended by the United
Nations (1983), focusing on three-year moving averages for these rates, aggregated into
five-year age groups (F3,5). These three-year moving averages for five-year age groups
are calculated as follows:

F5,3 =
1

3

j+2∑
j=1,4...13

1

5

i+4∑
i=1,6...31

Fi,j (18)

In this formula, the subscripts i and j respectively index the rows and columns of F.
Matrix F3,5 represents a smoothed version of F, obtained after averaging age-specific
fertility rates for five-year age groups and for moving periods of three years observed in
the past 15 years.

Step 10. Calculation of total fertility rates

The Total Fertility Rate (TFR) is a vital demographic indicator that quantifies
the average number of children a woman would bear if she survived to the end of her
reproductive life span while experiencing specific age-specific fertility rates at each age.
As defined by (Preston et al. 2001, 95), the TFR can be mathematically expressed as
follows:

tfr = 17F
5,35 (19)

where 17F5,3 is the column-sum of age-specific rates in F5,3, and the scalar 5 represents
the length of the age interval. The elements of tfr correspond to average total fertility
rates observed for moving periods of three years in the 15 years before the survey
enumeration. This summary measure provides critical insight into the fertility levels
and shifts within the population over time.

6 Summary measures of reproduction

The summary option in ocm calculates 15 demographic measures based on information
available at the time of the survey. This section delineates the formulas for these mea-
sures as they are displayed in the output. Readers interested in a deeper understanding
of these calculations are encouraged to review this section and to look further into its
references.

The first measure is the mean age of the population (Ap), calculated as a weighted
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average of the proportions of people in each age group:

Ap =
118(a ⊗ n)

118n
(20)

Here, a is a column-vector of the midpoints of age intervals ranging from 2.5 to 87.5
years; n corresponds to the count of individuals within each age group; and 118 is a row
vector of ones, with a length of 18, indicating the number of age groups considered.

The second imeasure, the mean age at childbearing (Am), is defined as:

Am =
118(a ⊗ m)

118m
(21)

where m is the maternity rate, i.e., the number of daughters born per woman, defined
as

m =
F5,3

5

1 + srb
(22)

In this equation, F5,3
5 refers to the fifth column of F5,3, which contains the most

recent age-specific fertility rates. The term srb stands for the sex ratio at birth, which
is the empirical ratio of male to female births.

The crude birth rate (cbr) quantifies the average number of births in the population
over a specific period, calculated as:

cbr =
118(n ⊗ m)

118n
(23)

The gross reproduction rate (grr) measures the number of daughters a woman would
expect to have if she survived through her entire reproductive period under current
fertility rates:

grr = 118m5 (24)

Here, grr accounts for the sum across the age-specific maternity rates, scaled by the
length of each age interval (5 years).

If mortality is taken into account, the grr becomes the net reproduction rate (nrr),
or the average number of daughters that a cohort of women would have if subjected to
current materrnity and mortality rates throughout their lives. This rate is approximated
by the probability of surviving to the mean age of the maternity function (pw

Am
):

nrr u pw
Am

grr (25)
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where pw
Am

is the survival probability at the mean age of childbearing, approximated
by the element of pw closest to Am.

The percentage change in total fertility rates observed for consecutive three-year
periods in the last 15 years is calculated as

∆tfrj =
tfrj − tfrj+1

tfrj
100 (26)

where subscript j = 1, 2...4 indexes the column position of the elements in vectors ∆tfr
and tfr. Thus the mean percentual change is

∆tfr =
∆tfr1ᵀ

4

4
(27)

where 1ᵀ is a transposed column vector of ones, and the standard deviation of the
temporal change in total fertility rates is

σ∆tfr =

√∑
(∆tfrj − ∆tfr)2

4 − 1
(28)

The next six measures refer to the size of the female population and to the pro-
portions of women who were ”social” mothers, biological mothers, teenage mothers,
mothers after age 45, and childless. Because these are simple percentages represented
by ratios between women in specific conditions (e.g., biological mothers) and the total
female population, there is no need to specify formulas for them. The last two summary
measures, however, are the following:

cu =
cu1ᵀ

16

151C1ᵀ
16

100 (29)

where cu is the percentage of children with unidentified mothers within the population.

And the approximate replacement level for the total fertility rate (t̂fr) is

t̂fr u
1 + srb

pw
Am

(30)

These measures provide a comprehensive view of reproductive patterns and demo-
graphic shifts within a given population.

7 Extended examples

I use microdata from the 2010 Brazilian Census (Ruggles et al. 2024a) combined with
survival probabilities estimated in Steps 1 and 2 of Section 5 (files Lkids.dta and
Lfemale.dta) to illustrate the capabilities of ocm. In Stata, you can generate a table
of three-year fertility rates by five-year age groups, a graph of age-specific fertility rates
over time, and summary measures (using the summary option) by executing the following
command:
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. ocm [iw=perwt], p_children(Lkids.dta) p_female(Lfemale.dta) biological summary

Estimated three-year fertility rates, by five-year age group

Age group 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010

15-19 .0857473 .0806032 .069226 .0628264 .0583855
20-24 .1444407 .1320281 .1097815 .0987235 .0900545
25-29 .1241954 .1135419 .0966923 .0886688 .081921
30-34 .0833242 .076241 .0665445 .0640034 .0614972
35-39 .044946 .0417357 .0360891 .0341968 .0331808
40-44 .0187524 .015657 .0128764 .0117665 .0106866
45-49 .004971 .0042944 .0027362 .0021256 .0018413

TFR 2.531884 2.320507 1.96973 1.811555 1.687834

Note: These estimates consider 6.74e+07 women.
Summary measures

Measure Value

Mean age of the population 32.1065
Mean age of childbearing 26.9143

Crude birth rate(CBR) 0.0143
Gross reproduction rate(GRR) 0.8304
Net reproduction rate(NRR) 0.8257

% change in TFR(mean) 9.5812
% change in TFR(sd) 3.7476
Female population 9.735e+07

% of social mothers * 38.7556
% of biological mothers 37.2750

% of mothers(10-19 years) 0.4941
% of mothers(after 45 years) 0.3149

% childless women 62.7250
% of unmatched children ** 13.3579
Replacement level of TFR 2.0442

* Includes stepmother, biological, and adopted mothers.
** Children with unidentified mother in the current estimate.
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The bottom of the first table shows a decrease in total fertility rate from 2.7172 to
1.7991 children per woman between 1996 and 2010. Figure 1 depicts the evolving age
pattern and level of fertility over time. The summary measures table provides additional
statistics characterizing the reproductive behavior of women in 2010. Notably, the
total fertility rate declined at an average rate of 9.75% over the past 15 years, with a
standard deviation of 3.02 percentage points between three-year periods. Moreover, the
net reproduction rate was 0.8801 daughters per woman; 0.55% were teenage mothers;
0.34% of women became mothers after age 45; 62.31% of women had never had a
child; and the estimated replacement level of fertility was 2.04, a threshold surpassed
by the Brazilian population since the 2005-2007 period. The next section reveals the
full potential of ocm, focusing on generating fertility estimates for different population
subgroups.

7.1 Estimates for population subgroups: by: and by() options

The own-children method was originally developed to estimate fertility differentials
among population subgroups (Grabill and Cho 1965). To illustrate the versatility of
ocm, I use race-specific data from the 2010 Brazilian census and utilize the by: prefix
and the by() option. First, evoking the by: prefix applies uniform survival probabilities
across all subgroups:

. drop if race==30 | race==40 | race==99 // Drops Indigenous, Asian and unknown race
> s from the dataset.
(326,463 observations deleted)

. by race, sort: ocm [iw=perwt], p_children(Lkids.dta) p_female(Lfemale.dta) ///
> biological nodraw

-> race = white
Warning: bysort race: (or by race, sort:) assume that children and females in all
categories of race have the same survivorship probabilities, as presented in the
second column of files Lkids.dta.dta and Lfemale.dta.dta.

Estimated three-year fertility rates, by five-year age group

Age group 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010

15-19 .0656933 .0621505 .0539061 .0515144 .0514852
20-24 .1188535 .1101529 .0931235 .0872303 .0846161
25-29 .1112948 .1036539 .0914317 .0878638 .0851269
30-34 .0755213 .0714274 .0664034 .0677285 .0692097
35-39 .0369409 .0368001 .0342639 .0353326 .0368615
40-44 .0133596 .0117893 .0106207 .0107532 .0107266
45-49 .0031166 .0025901 .0018581 .0016675 .0015683

TFR 2.1239 1.99282 1.758038 1.710451 1.697972

Note: These estimates consider 3.28e+07 women.

-> race = black

Estimated three-year fertility rates, by five-year age group
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Age group 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010

15-19 .0775387 .0691464 .0546296 .0474448 .0400053
20-24 .125254 .1060494 .0841255 .0705858 .0563596
25-29 .1059857 .089866 .071571 .0589738 .0481831
30-34 .0745853 .0615404 .0478207 .0410652 .0352795
35-39 .0423464 .0362369 .0285884 .0229165 .0191704
40-44 .0190253 .0153288 .0114356 .0097056 .0068821
45-49 .0059639 .004514 .0030864 .0020416 .0015629

TFR 2.253497 1.913409 1.506286 1.263666 1.037215

Note: These estimates consider 5120910 women.

-> race = brown (b

Estimated three-year fertility rates, by five-year age group

Age group 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010

15-19 .1075563 .1011032 .0864082 .0751156 .066074
20-24 .1731568 .1578532 .1301474 .1136571 .098986
25-29 .1395587 .1264063 .1044814 .0927945 .0822612
30-34 .0926134 .0827312 .0681084 .0620067 .0558466
35-39 .055095 .0481477 .0386998 .0337883 .0303078
40-44 .025827 .0206747 .0158253 .0131427 .011044
45-49 .0074919 .0066255 .003864 .0027881 .0022835

TFR 3.006495 2.717709 2.237672 1.966466 1.734015

Note: These estimates consider 2.84e+07 women.

In this scenario, ocm assumes a single mortality schedule (from Lkids.dta and
Lfemale.dta) for the three racial categories: White, Black, and Brown. This configura-
tion models a hypothetical scenario where all racial groups share the same mortality as
the general population, as stated in the output’s headline. The results indicate notable
fertility differentials; for instance, Blacks have historically exhibited the lowest fertil-
ity rates, ranging from 2.25 to 1.04 children per woman between 1996 and 2010, while
Browns have shown the highest, ranging from 3.01 to 1.73 children per woman during
the same period.

The second approach involves applying race-specific survival probabilities for chil-
dren (kids race.dta) and adult women (female race.dta):

. ocm [iw=perwt], p_children(kids_race.dta) p_female(female_race.dta) ///
> biological nodraw summary by(race)
Processing category: white

Estimated three-year fertility rates, by five-year age group

Age group 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010

15-19 .0655885 .0621276 .053904 .0514963 .0513741
20-24 .1187241 .1101568 .0931464 .0872151 .0844407
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25-29 .1112381 .1037049 .0914858 .087868 .0849585
30-34 .0755313 .0714973 .0664654 .0677467 .0690797
35-39 .036971 .0368557 .0343087 .0353498 .0367955
40-44 .0133796 .0118137 .0106391 .0107614 .0107089
45-49 .0031234 .0025968 .0018621 .0016692 .0015659

TFR 2.122779 1.993764 1.759058 1.710533 1.694617

Processing category: black

Estimated three-year fertility rates, by five-year age group

Age group 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010

15-19 .0774475 .0690524 .0545661 .0473879 .039808
20-24 .1248893 .1057836 .0839741 .0704761 .0560728
25-29 .1054076 .0894659 .0713485 .0588414 .047926
30-34 .0739411 .0611196 .0475861 .0409256 .035074
35-39 .0418276 .0358892 .0283948 .022812 .0190478
40-44 .0187141 .0151344 .011333 .0096486 .0068345
45-49 .0058379 .0044388 .0030502 .0020261 .0015509

TFR 2.240326 1.904419 1.501264 1.260588 1.03157

Processing category: brown (brazil)

Estimated three-year fertility rates, by five-year age group

Age group 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010

15-19 .1077551 .1011444 .086413 .0751586 .066316
20-24 .173361 .1578338 .1301055 .1136967 .0993401
25-29 .1396053 .126311 .1043984 .0927984 .0825458
30-34 .0925463 .0826057 .0680207 .0619905 .0560311
35-39 .0549847 .0480284 .0386235 .0337663 .0304036
40-44 .0257372 .0206 .0157814 .0131273 .0110758
45-49 .0074508 .0065929 .0038497 .0027831 .0022894

TFR 3.007201 2.715581 2.235961 1.966605 1.740009

Summary measures by race

Measure race=10 race=20 race=51

Mean age of the population 33.6729 34.0101 30.0611
Mean age of childbearing 27.4096 26.6321 26.4548

Crude birth rate(CBR) 0.0137 0.0090 0.0153
Gross reproduction rate(GRR) 0.8363 0.4884 0.8560

Net reproduction rate(NRR) 0.8325 0.4844 0.8502
% change in TFR(mean) 5.3847 17.5906 12.7320
% change in TFR(sd) 4.7615 2.7274 3.4373
Female population 4.720e+07 6.911e+06 4.167e+07

% of social mothers * 37.3819 33.1082 40.6286
% of biological mothers 36.1442 31.5265 38.9482

% of mothers(10-19 years) 0.5170 0.4046 0.7300
% of mothers(after 45 years) 0.2505 0.3716 0.3829

% childless women 63.8558 68.4735 61.0518
% of unmatched children ** 10.9426 18.4190 15.2782
Replacement level of TFR 2.0355 2.1296 2.0466

* Includes stepmother, biological, and adopted mothers.
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** Children with unidentified mother in the current estimate.

This method highlights that the Own-Children Method is relatively insensitive to
variations in mortality rates. Despite differences in life expectancy at birth – 72.57 years
for Whites, 68.02 for Browns, and 66.96 for Blacks as noted by Muniz et al. (2024) –
fertility estimates are similar to those generated under the uniform mortality asumption.
This similarity suggests that, within the Brazilian context, mortality differences among
racial groups do not significantly influence race-specific fertility estimates, reinforcing
the robustness of OCM in demographic research.

Finally, the table titled Summary measures by race provides valuable insights and
facilitates comparisons of reproductive dynamics among Whites (race=10), Blacks (race=20),
and Browns (race=51). It reveals that Blacks experienced the steepest decline in total
fertility over the last 15 years, with a percentual change of 17.59%. Additionaly, the
table highlights that Blacks have the lowest net reproduction rate at 0.48 daughters per
woman. This group also shows the highest percentage of childless women (68.47%) and
largest proportion of unmatched children (18.42%). These comparative results are par-
ticularly important because they contrast those reported by United Nations Population
Fund (2018), which suggests that Whites had the lowest fertility rates since the early
2000s. This discrepancy underscores the influence that differences in data sources and
methodological approaches can have on fertility estimations.

8 The ocm command

8.1 Syntax

ocm
[
if
] [

weight
]
, p children(string) p female(string)

[
by(groupvar)

biological summary nodraw
]

8.2 Description

The ocm command calculates age-specific fertility rates and reproductive measures,
leveraging the methods originally introduced by Grabill and Cho (1965) and subse-
quently refined by Cho et al. (1986). The program applies reverse-survival techniques
on cross-sectional census or survey data from a single year to compute three-year fer-
tility rates across five-year age groups over the previous 15 years. It offers several
functionalities: the by(varname) option facilitates the analysis of fertility rates within
subgroups identified by a categorical variable; the biological option restricts analysis
to biological mothers; and the summary option generates demographic indicators that
describe the reproductive profile of the current population. To effectively implement
the Own-Children Method for fertility estimation, three data inputs are necessary:
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1. a data extract (preferably from IPUMS) containing, as a minimum, eight variables:

• the year of data collection (year),

• the household serial number (serial),

• the identifier for individuals within the household (pernum),

• position of the mother within the household (momloc),

• a variable to restrict the analysis to biological mothers (stepmom),

• age of the individual (age),

• age categorized in five-year intervals (age2),

• sex of the individual (sex).

For analysis involving weights, include the person’s weight (perwt). For subgroup
analyses, also include a relevant categorical variable in the extracted dataset, such
as race, religion, occupation, education, or geographical location;

2. a file with survival probabilities for children at single year ages from 0 to 15; and

3. a file containing survival probabilities for women at single year ages from 15 to
65.

The datasets must conform to the structure and variable ordering outlined in section
3 to ensure the correct operation of the ocm functionalities. Proper preparation and
configuration of these data inputs are crucial for the effective application of the Own-
Children Method.

8.3 Options

p children(string) specifies the file containing the survival probabilities for children.
This file should include two columns: the first column indicates the child’s age,
and the second the probabilities of surviving from age x to x + 1. This option is
mandatory.

p female(string) specifies the file containing the survival probabilities of women. It
includes two variables: the age of the women and the probabilities of surviving
between ages x and x+ 1. The p female( ) option is mandatory.

by(groupvar) specifies the categorical variable that defines the subgroups for analysis.
This option allows the calculation of fertility rates across different demographic
groups.

biological directs ocm to compute fertility rates exclusively for children linked to
their biological mothers. Without this option, the program considers all maternal
relationships, including social ones such as stepmothers and adoptive mothers.

summary generates a set of 15 measures reflecting the current population’s reproductive
behavior. These indicators include crude birth rates, gross and net reproduction
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rates, mean age at childbearing, the proportion of teenage mothers, the proportion
of mothers over age 45, the percentage of childless women, and the rate of change
in total fertility over the past 15 years, among others.

nodraw prevents ocm from automatically displaying a graph of age-specific fertility rates.
By default, ocm displays a graph, and if the by() option is specified, it saves in-
dividual category-specific graphs as gri.gph files in the working directory before
combining them in a new graph named gr combine.gph.

8.4 Output

As a minimum, ocm displays a table and a graph of age-specific and total fertility rates
for women at reproductive ages (15 to 49 years old). The results show patterns, levels,
and trends of fertility over the past 15 years.

Additionally, when enabled through the summary option, ocm generates key demo-
graphic measures for either the general population or specific subgroups defined by the
by(groupvar) option. These measures provide deeper insights into the reproductive
behavior and characteristics of the population or the targeted subgroups.

8.5 Stored results

After execution, the ocm command stores computed age-specific and total fertility rates,
summary demographic measures, and other relevant variables in system matrices. These
matrices are accessible under the following names:
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Stata matrices
r(asfr) Returns a matrix with age-specific fertility rates, averaged over

three years and categorized by five-year age groups from the
past 15 years

r(tfr) Returns a row-vector of total fertility rates calculated over the
past 15 years

r(asfr i) For subgroups specified by the by(groupvar) option, this ma-
trix contains age-specific fertility rates, averaged over three
years, sorted into five-year age groups for each category i of
groupvar from the past 15 years

r(tfr i) Returns a row-vector with total fertility rates over the last
15 years for each subgroup i, as defined by the by(groupvar)
option

r(summary) Specifying the summary option returns a matrix with 15 demo-
graphic measures characterizing the reproductive pattern and
level of the current population

r(summary by) Returns a matrix with 15 demographic measures for each sub-
group i, specified by the by(groupvar) option

Mata matrices
asfr Matrix of single age-specific fertility rates for mothers aged 15

to 49 years between times t− 15 and t
asfr5 Matrix of five-year age-specific fertility rates for mothers aged

15 to 49 years between times t− 15 and t
m Maternity rates matrix, detailing female births by women aged

15 to 49 years
p Matrix of population counts, structured by five-year age groups
women Matrix of the number of reverse-survived women by single year

age categories over the last 15 years
children Matrix detailing the number of reverse-survived children, struc-

tured by the single year age of the mother over the past 15
years

asfri Matrix of age-specific fertility rates by single years for mothers
aged 15 to 49, calculated for each subgroup i, as defined in the
by(groupvar) option, from t− 15 to t

asfr5i Matrix of age-specific fertility rates by five-year age groups for
mothers aged 15 to 49, calculated for each subgroup i from
t− 15 to t, as defined in the by(groupvar) option

mati Maternity rates matrix for each subgroup i, detailing female
births by women aged 15 to 49 years, as categorized by the
by(groupvar) option

pi Matrix of population counts for each subgroup i, structured by
five-year age groups, as defined in the by(groupvar) option

womeni Matrix of the number of reverse-survived women by single year
age categories for each subgroup i over the last 15 years, as
defined in the by(groupvar) option

childreni Matrix detailing the number of reverse-survived children for
each subgroup i, structured by the single year age of the
mother over the last 15 years, as defined in the by(groupvar)
option

9 Conclusions

This article highlights the capabilities of ocm, a Stata program designed to estimate
trends and levels of fertility using the Own-Children Method (Cho et al. 1986; Grabill
and Cho 1965). The software not only generates graphs of age-specific fertility rates
but also produces estimates tailored to different population subgroups by accounting
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for their category-specific mortality rates. Additionally, it computes 15 summary mea-
sures that characterize the reproductive patterns of the current population. Ideally, this
program should be used with IPUMS data, which provides the standardized census vari-
ables necessary for implementing the procedure. However, microdata from sources such
as the Demographic and Health Surveys, the World Fertility Survey, Multiple Indicator
Cluster Surveys (MICS), and the Pan Arab Program Project for Family Health (PAP-
FAM) can also be used to construct equivalent variables required for fertility estimation
using the Own-Children Method (Schoumaker 2019).

ocm mitigates potential fluctuations and biases caused by age misreporting by aver-
aging single-year fertility rates into three-year periods for five-year age groups. Addi-
tionally, the program enhances the accuracy of fertility estimates by offering an option
to limit the calculation of fertility rates to biological mothers, rather than social moth-
ers. This adjustment prevents the erroneous allocation of adopted and stepchildren to
women, thereby refining the precision of the fertility estimates.

The analysis of fertility patterns and trends among Brazil’s racial groups (Whites,
Browns, and Blacks) over the last 15 years demonstrates validity but is not completely
immune to the violations of two critical assumptions of the Own-Children Method
(OCM): mortality constancy and the stability of categorical membership. The ap-
plication of a single life table across the period under study inherently assumes sta-
ble mortality rates, a presumption that is unlikely given Brazil’s overall demographic
changes and specific variations across racial groups. However, evidence indicates that
OCM can still provide reliable results even when actual survival rates differ significantly
from those observed 15 years ago (Spoorenberg 2014).

Concerns about the stability of racial categorization are particularly relevant in
Brazil, where racial reclassification is a documented phenomenon (Miranda 2015; Muniz
2020; Muniz and Bailey 2022). Research by (Muniz et al. 2024, 463) indicates that, on
average, a Brazilian had a 23% chance of reclassifying from Black to Brown between 2017
and 2019. Over extended periods, the likelihood of such transitions increases, potentially
compromising the constancy of membership assumption. According to (Rindfuss 1977,
14), the most significant impacts on fertility estimates arise when the assumption of
constant group membership is breached by substantial inflows or outflows of individuals
who differ markedly from those staying or departing. However, his analysis showed
minimal effects, a finding echoed by Muniz and Bailey (2022), who reported limited
influence of racial shifting on racial inequality outcomes in Brazil. The extent and
nature of demographic changes necessary to substantially alter fertility estimates remain
questions for further research, indicating a need to investigate how these assumption
departures might affect fertility patterns, levels, and trends in different settings.

Despite its inherent limitations and assumptions, the Own-Children Method contin-
ues to be a trustworthy, valid, and informative approach for estimating the fertility of
population subgroups and in regions where vital registration systems are lacking or de-
ficient. With the introduction of ocm, this method has now also become more accurate,
appealing and efficient, cementing its relevance in demographic research and beyond.
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