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• The method takes advantage of the fact that most children and teenagers live with
their mothers. Therefore, so long as we can link the women to their own children, we
can calculate how old those women were at the time they gave birth This is the basis
for the well known own-children method for estimating fertility.
• This figure illustrates this for an African country, Zambia, based on the results of the
2010 Census. It shows the number of children born to women of different ages who
are living with their mothers (own-children), who have died, and who are living apart
from their mother. Most of the children of women aged less than 40 years are living
with them and it is only after about age 45 that the majority of women’s children
have either died or left home.
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• The own-children method of estimating fertility starts off by producing fertility rates
based on the children who are living with their mothers and then adjusts these for
children who have died or are living elsewhere at the aggregate level.
• To refine the method we need a way of making this correction at the individual level.
This can be done if a census collected summary birth histories. This example census
form illustrates the questions involved. They ask women how many children they
have had and how many of those children are still alive. Ideally, the summary birth
history questions should be put to all adult women, including those aged more than
50, so one can estimate birth interval dynamics for 15-20 year period prior to the
collection of the data.
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• To estimate the ages of dead children and those enumerated elsewhere, one
estimates the probability that the mother gave birth at different age and inserts
notches in the distribution to adjust her exposure to the risk of giving birth during the
period surrounding the time she gave birth to an existing child
• To impute an age to a dead child one then multiplies these age-specific probabilities
of giving birth by the child’s probability of either having died by the census year.
• Having estimated the relative probability of her giving birth during each past year, one
can randomly allocate her birth to one of those years.
• After removing the woman from exposure around the time of that birth, one can then
impute the age of any further child missing from the household. For example, here
we insert a child that is living apart from mother by adjusting the fertility distribution
by the proportion of children that fall into this category.
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After imputing all the unknown ages, one can re-estimate the fertility and child mortality
of different sub-groups of women using a regression model, and iteratively refine the
imputation of the missing children’s ages (assuming, that is, that iterative modelling of
up to 1 million birth histories is your idea of fun!)
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This figure shows the counts of women’s dead children and children who are not living
with them according to age. The dark grey line are the actual numbers computed from
the children’s reported dates of birth, while the orange line shows the counts of imputed
ages resulting from the original Luther/Cho method. In aggregate, the results are very
similar, although the ages imputed to individual children are often very inaccurate.
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• The blue line shows the results if we take the output from the previous imputations
and model them and use the resulting heterogeneous estimates of women’s fertility
to impute the children’s ages. For dead children born in the last 20 years, the second
round of estimates seem somewhat better. For the older children they are a bit
worse, perhaps because I am assuming the wrong age pattern of mortality. However,
we would not normally use the data on adult children to estimate fertility.
• For children who are living apart from their mother’s, whose age distribution can only
be estimated at the national level, the two sets of results are very similar.

10

At the aggregate level, continuing to iterate makes very little difference
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• Here are the substantive results. This figure is based on data using Luther and Cho’s
1988 version of the method.
• Using these data, I have derived period measures of parity progression (les
probabilités d’agrandissement synthétiques), on the left, and median birth intervals
(les médians intervalles génésiques), on the right, calculated by life table methods.
The horizontal axes of the plots shows women’s birth order. The vertical axis on the
left-hand plot runs from 40% to 100% and that on the right from 2 years to 4 years.
• The differently coloured lines indicate successive five-year periods, in this case from
1989-94, at the top, to 1999-2004. The solid lines are the measures calculated
directly from the birth histories. The dotted lines are the estimates produced by
imputing ages to the dead children and those who live away from their mothers.
• On the left, one can see that fertility in India decreased a lot between the late-1980s
and early 2000s. The period proportions of women having 1st and 2nd births have
remained high, but progression to the 3rd and higher-order births is much lower and
dropped substantially over this period. This is the pattern one would expect to
observe in a population practicing family size limitation.
• On the right, one can see that the median length of birth intervals is about 2.5 years.
It varies little by parity and has changed little over time.
• The estimates of both measures that are based on imputed data are slightly higher
than those calculated directly, particularly for the earliest series of estimates, which
are based on children aged 12-16 at the time of the survey.
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These estimates were produced by fitting regression models of the fertility of sub-groups
of women in the initial set of imputed birth histories. The fitted estimates were then
used to impute the ages of dead and absent children a second time. The results are very
similar to those you have just seen.
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Here are the results after iteratively repeating the imputation process several times.
Doing this does produce even more accurate results. The underestimation of the
proportion of higher-parity women progressing 12-16 years earlier is reduced. Moreover,
the estimated duration of the birth intervals drops a little to closer match the values
obtained by direct measurement.
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On the other hand, repeating the calculations a large number of times produces no
further improvement in the accuracy of the results.
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• These estimates are based on census data for Rwanda with imputed ages for
women’s dead and absent children. Rwanda represents a challenging population in
which to apply the method because of the demographic impact of the genocide.
• As before, different coloured lines represent different five year periods. In Rwanda,
however, we can produce estimates from two censuses – 2002 and 2012. The
estimates based on the earlier census are shown by solid lines and those based on
the later census by dashed lines. The two censuses yield two completely independent
set of estimates for the 1995-2000. These are the two lines shown in purple.
Although they do not agree exactly, the two censuses give similar results for the late1990s, which I regard as encouraging evidence that the method is performing well.
• The results look rather different from India. Looking first at parity progression, the
ratios drop over time. However, the lines do not become increasingly concave over
time with large drops at progression to the third and fourth birth. Instead they fan out
over time with larger drops in the higher-order parity progression ratios than the
lower order ones. The drop in parity progression has accelerated gradually over time.
• Turning to the median duration of birth intervals, as in India, they vary little by parity.
However, unlike in India they have lengthened over time. They appear to have
increased around the time of the genocide from about 29 to 33 months. Then they
stagnated for about a decade, before lengthening again to about 3 years in the first
decade of this century.
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• This slide allows me to shamelessly advertise another paper of mine that is being
published by Demography. In this paper, Tom Moultrie and I undertake very similar
analyses of parity progression and the median duration of birth intervals using data
from 317 DHS and other fertility surveys conducted in 83 less-developed countries
between 1965 and 2014. The paper should be published on the Demography website
before Christmas.
• The estimates we were just looking at are shown at the top of the graph while from
the other study are shown below them. The Timaeus and Moultrie results cover a
longer period than the census ones. The overall pattern of the two sets of estimates
are similar. Neither suggest that women are beginning to limit their family sizes to
two or three children. Moreover, both suggest that birth intervals have lengthened.
However, if you focus on the yellow and purple lines on the left-hand side of the slide,
it is clear that the drop in parity progression indicated by the direct results based on
DHS surveys is much bigger than that indicated by the 2012 Census.
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• Of course, while I am particularly interested in examining trends in parity progression
and the length of birth intervals, once one has an imputed data file, it is possible to
analyse the data in many different ways. Moreover, as well as looking at the national
estimates one can also use the data to look at differentials.
• For example, in Rwanda, women with secondary schooling make up only about 20 per
cent of the population. Looking at their fertility in any detail with DHS data is
impossible. However, the 10% sample data from the 2012 Census include more than
50,000 adult women who have been to secondary school – several times the entire
sample of women interviewed in the DHS surveys.
• This figure looks at age-specific fertility for different cohorts of women. It is striking
that though the women who went to secondary school have lower fertility than other
women, the trends in their fertility are rather muted. In both groups of women the
fertility distribution is shifting toward younger ages in between cohorts. However, it is
among the less educated women that one sees the onset of a marked reduction in
the level of fertility among cohorts of women who were born in the 1980s and early1990s. Thus, educational differentials in fertility seem to be narrowing.
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Zambia has even seen very little change in parity progression, with the 2010 Census
failing to confirm the reductions suggested by the 2000 results. It is fairly clear, however,
that birth intervals lengthened by several months between the mid-1980s and mid2000s.
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The pattern of change in Tanzania looks rather similar to that in Rwanda, but is more
modest in extent. The pre-transitional parity progression ratios were lower but parity
progression has dropped by less. Birth intervals have lengthened, but their median
length remains well below 3 years.
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• If one separates out the information on women who have attended secondary school,
however, it is clear that their fertility has dropped more dramatically. They are shown
in the bottom two plots on this slide, while women who did not attend secondary
school are shown at the top.
• Even in 2012, women who have attended secondary comprise only about 15 per cent
of the population. Thus, it would be difficult to look at their fertility in any detail using
Demographic and Health Survey data
• As in Rwanda, there is little evidence that family size limitation is becoming prevalent.
Even so the higher-order PPRs have dropped to about 70%.
• Moreover the birth intervals of this group have lengthened substantially, particularly
for the lower-order births, which by the first decade of this century had a median
duration of about 3.5 years.
• Note also that the 2012 census results suggest that fertility transition among this
group of women stagnated during the decade before the census.
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• There are three census samples available for Botswana – 1991, 2001 and 2011. Thus,
we can produce a 35-year run of estimates that extends back to before the fertility
transition began in Botswana.
• As a result, this figure is a little crowded. Here both green lines refer to the period
1984-9 and both purple lines to the period 1994-9. As in Rwanda, they fail to
coincide, but they do lie close to each other. Given that these statistics were
calculated completely independently from the data obtained in two different
censuses collected 10 years apart, I think they agree rather well.
• Botswana is another challenging country in which to apply this method as a large
proportion of children are fostered and do not live with their mothers. Despite this,
the method seems to have performed well.
• Looking first at parity progression, the pattern of decline looks rather more like that in
India than that in Rwanda. There is clearly a behavioural preference emerging for two
and three child families.
• What is really striking, however, is what has happened to birth intervals in Botswana.
These were already quite long in the 1970s at about 33 months. They then rose
rapidly for about 15 years to something like 44 months by the late-1990s. Since then
they once again been more stable in length, but have perhaps shortened slightly
among those women who continue to have higher-order births.
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