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ABSTRACT

We use Zambian Census data as a case Sudy of extending what we can learn about fertility utilizing African
census data. This study presents and eva uates fertility estimates derived from linked own-children birth
histories. The paper gpplies the own-children method of age-specific fertility estimation to the 1990 Zambia
Census data. Thefird part of the paper focuses on developing strategies to link children to mothers. In our
linking process, age &t firgt birth and current ages of women are used as the lower and upper limitsin the
assignment process. Thus, for the first woman, we check if the rdlation code and thet of the potentia child
are compatible. In addition, we double check if the ages of children fit in with the woman’s reproductive
window and if the number of children till residing with her matches the total number and sex of children
who were enumerated. For each resident womean, we check informeation on children ever born and currently
co-resding with their mother and if these children are listed under her. The linking of children stops when
the number of children linked to a woman reaches the number of living children she reports. Thisstep is
repested for additiona resident women in the household. The second part presents estimates of fertility
levels and trends based on the gpplication of the own-children method and estimates from rejuvenated
children and women. Our results suggest the need for afuller exploitation of African censuses micro data
in the Sudy of fertility leves, trends and differentidsin Africa We present a comparison of our preiminary
own-child estimates and other estimates. Lastly, we suggests methodologica improvements to linking
drategies that can be employed to get better fertility estimates in sub-Saharan Africa using census data.



I ntroduction

Census data offer information on fertility differentias by spatia, socia and economic characterigtics of the
population that are not available in vitd registration records or surveys. Since the 1960's African censuses
have progressively collected information on children ever born, birthsin the past year, children surviving,
children dead and the living arrangements of children. From these data we can estimate fertility measures
like the totd fertility rate, age-specific rates, gross reproduction rates, age-parity specific birth probabilities
and parity progression ratios (Luther and Cho 1988; Retherford and Alam 1985). African census micro
data are a greetly under-used resource even though vital regidtration data are non-existent in most African
countries. Census micro data are a valuable source for understanding African socia and demographic
processes. Censuses are good at placing demographic rates within a spatial context, and they have been
neglected in Africaduring the very period when there has been an enormous increase in the data-crunching
capacity necessary to andyze them. Unlike survey data, censuses do not suffer from problems of smal
sample cdls, hence they give researchers leverage to cdculate annud, age-pecific fertility ratesfor various
population subgroups (Rindfuss 1977). In this paper we limit ourselves to demonstrating the usefulness of
African census micro datafor fertility estimation using own-children methods. These methods give onethe
leverage to obtain fertility estimates for up to 15 cdendar years using one census. This means that in
countries where you have two successve decennia censuses, checks for consistency of fertility estimates
can be made for the five-year overlap period. More importantly, ... the use of own children data provides
apowerful toal for examining fertility trends when comparable vitd satistics datado not exist." (Rindfuss
1976: 248). It istherefore hoped that the methodology suggested in this paper would inspire a fuller
exploitation of exising and future census data for understanding fertility levels, trends and differentids in
Africa

The own-children method of fertility estimation was first developed and applied to United States
Census data (Grabill and Cho 1965; Cho 1968; Cho, et d. 1970). The first application of these methods
involved calculations of age-specific birth rates based on child-woman ratios. More recently, own-children
methods have been refined and extended to estimate age-pecific marital birth rates, duration-specific ever-
married birth rates, age-parity-specific birth rates and birth probabilities, and age-specific birth rates for
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men. Own-child methods have the additional advantage of producing fertility estimates by socid and

economic characteristics asked about in censuses or surveys. This feature makes the use of census data
useful in Stuations where survey data are limited, since some information on socid, spacia, and economic
characterigtics are recorded in census data uniquely. Consequently, we may be able to use census data to
further our understanding of the trends and tempos of fertility established by the examination of survey data
over thelast 20 years. Luther and Cho (1988) extended the traditional own-child methodology by adding
a probabiligtic process for the alocation of deceased and unlinked children in censuses. In this paper we
apply the traditiona own-children method.

The study of fertility from census data relies on the children ever born question, and the question
about children born in the year proceeding the census date usng well-devel oped methodologies. Some
gpproaches, which have not been popular in Africa, are now possible because the quality of the censuses
has steadily improved since the early 1960s. For example, the quality of the census age distributionsin
Africa has improved to the point where the own-children techniques can be used. In this paper we use
Zambian Census micro data as a case sudy of extending what we can learn about fertility utilizing African
census data. This study sets out to outline a method of linking children to their mothers in African census
data. We develop a computer dgorithm for matching children to mothers. The matched children are used
to estimate the number of births by the age of the mother in previous years. A smilar reverse-surviva
method dlows us to edimate the numbers of women by age in previous years. We adjust our estimates for
unlinked and dead children, Since no attempt is made in this paper to assign fostered and dead children using
aprobabiligtic process. We then estimate age-specific birth rates and fertility trendsin Zambia using own-
children birth histories using the 1990 Zambia Census micro data.

Zambian micro census data are available for 1980 and 1990. In addition, there has been Zambian
Demographic Health Surveysin 1992 and in 1996. Fertility estimates have been made from these data
and trends suggest that fertility declined by about 15% between 1980 and 1996. Zambias totd fertility rate
dropped from 7.2 births per woman in 1980 to 6.7 in 1990 to 6.5 in 1992 and then 6.1 by 1996 (Central
Satigtica Office and Macro Internationd 1996). This trend may be indicative of the onset of a sustained
trend toward lower fertility or it may be atemporary change.



Reconstructing Birth Histories from African Census Data

Census micro data are a vauable source for understlanding African demographic processes because of the
dearth of vital regigtration data and the Size of survey data. Census data provide total population counts,
alowing us to escape the problem of smal sample size and sampling errors or sampling bias. Hence,
estimates of demographic rates and trends from censuses for small geographica locations may be more
reliable than what is possble with nationd fertility surveys snce the later tend to collect information from
relatively smal samples of women. Accurate digtrict and provincid estimates of demographic levels and
trends are indigpensable in understanding socid and economic processes. The need to implement efficient
health and family planning programs has aso increased the need for loca and sub-regiona demographic
estimates 0 that societies can monitor such programs and ensure efficient operation and optimd alocation
of scarce resources. WWhen more than one census is available for an area, more robust trends will be
obtained. In addition, censuses dso give us the leverage to do cohort analysis over longer periods of time
than survey data

Mogt African censuses do not contain acomplete birth higtory for dl women. However, the census
questionnaire typicaly includes questions on age and sex of the enumerated population, age a firgt birth,
number of children ever born and surviving, birthsin the last twelve months, children dead, maritd satus,
usud place of resdence, and relation to head of household. Thisinformation can be carefully manipul ated
to reconstruct what are popularly known asAown children birth histories by matching enumerated children
to their mothers. Fertility levels and trends can then be cdculated using own children methods. Own-
children methods are reverse-surviva techniques for the estimation of age-specific birth ratesfor years prior
to acensus. From the basic household records from census micro deta, enumerated children are matched
to mothers and fathers within households on the basis of answersto questions on age, sex, marita satus,
number of surviving children, usud place of residence, and relationship to the head of the household.

The gpplication of such child-mother matching proceduresto Zambiais not the first for any African
census data. Cho et d. (1986) looked at fertility levels and trends in Kenya calculated from own children
data and compared them to estimates from birth histories collected in the Kenya World Fertility Survey.
The pettern of fertility estimates from own children dataand from the Kenyan WS birth histories coincided



very well. On the other hand, year to year fluctuations in these fertility estimates were more marked for the
own-children based estimates. Cho and his collaborators also showed that distortions in the estimated
fertility levels tended to reflect smilar age reporting errors for mothers and children. The methodks genera
applicability and robustness can be serioudy examined in the context of recent African census micro data.
More importantly, the use of this method dlows us to establish afairly detailed picture of the age and parity
sructure of fertility change provided the own children birth histories closely gpproximate Atruell or actua
birth histories.

Outsde sub-Saharan Africa, reconstructed census birth histories have been extensvely used in
fertility andyssin the US and Asa These studies help us to appreciate how religble the fertility measures
caculated from recongructed birth histories are. Experience from Asa and the US suggest that fertility
measures calculated from recongtructed Aown-childreni birth histories provide a very good gpproximation
to the results obtained from actud birth histories. For example, Luther et d. (1990) observed that in China
the results from these two sources agreed remarkably well. Retherford et d. (1979) dso exploited
recongtructed own children birth histories to estimate fertility levels, trends and differentiads for Thalland
based on the 1970 census. The fertility estimates from these data were broadly in good agreement with
other published fertility estimates. Illudirative evauations of fertility estimates based on own children data
for Korea and Pakistan aso produced good results (Cho et a. 1986). In the case of Korea, Cho et al.
compared overlapping fertility estimates from two censuses and one nationd fertility survey and dl three
sources produced estimates that were remarkably smilar. In the United States, Retherford and Luther
(1996) andyzed trends in fertility differentials by education using period parity progresson ratios from
census birth histories. Rindfuss (1976) compared annud fertility rates caculated using United States census
own children datawith estimates from vitd satistics data and he found remarkable agreement in the levels
and trends in tota fertility rates. However, Rindfuss (1976:246) went on to caution that "these results
suggest that own children data, unadjusted, can be used to estimate accurately fertility trends for various
socid, racid, and economic subgroups provided that the levels of age misstatement, under-enumeration,

children not living with their mothers, and mortdity remain stable over time.”



Linking Procedure

This section is intended to indicate the operationd principlesinvolved in creating own children files. Mother-
child linked data can be obtained by the manipulation of existing census micro data usng computers. The
coding operation takes advantage of the fact that households are the unit of census enumeration, so that
many family members are grouped together on the schedules. The origind linking procedures were
developed by Wilson H. Grahill and Lee Jay Cho (1965) and applied to US census data. The matching
procedures were extended to Asiaby Cho et a. (1986), and to historical data by Strong et al. (1989) to
link children and mothersin the 1910 US census, and to those used by Isugo-Abanihe (1985) in his sudy
of child foseragein West Africa. Congder, for example, the variables we use to link mothers and children

using the 1990 Zambia census data.

Relationship Membership Satus
1. Usud heed 1. Usud member

2. Spouse 2. Vidtor

3. Own son/ daughter 3. Member absent
4. Step son/daughter 4. Indtitutions

5. Other relative

6. Unrelated

7. Indtitutions

These variables dlow us to make smple and complex mother-child links. Smple levd links were
used in Stuations where we had anuclear family conssting of head of household, spouse and their children
while more complex links were usad in Stuations where we had more than one adult femde in the household
(i.e. polygamous unions, daughters with children, daughters-in-law and other relatives or non-relatives
gtaying with their children). To recondruct birth histories usng Zambian census micro data, we sart by
linking each woman aged 12 to 65 with enumerated children who are listed as her own biological children.
The greatest chdlenge to our linking srategy is the nature of living arrangements and the depth of
relationship codes retained in census micro data. In Zambia, asin many other African countries, polygyny



and adoption are common. In addition, average family sizes are fairly large and complex, and most male
household heads are susceptible to frequent job rdated movements. These conditions generdly creete more
mismatches than in Stuations where each biologicd child was enumerated usng a unique mother
identification number (Levin and Retherford 1982). However, since femdesin rura areas are less migratory
than maes, the likelihood of having a successful link is potentialy high. The codes of the rdationship to heed
of household and the membership status codes we utilize in our linking agorithm gave us the leverage we
needed to accomplish arefined match of children to their mothers.

We linked women and their children using atwo-prong strategy. The first srategy made smple
links of children and their biological mothers. The smplelinks were the more obviouslinksinthedata: The
second prong of our strategy was to link the less obvious cases of mothers and children. Our strategy

goplies only to children living in households and does not apply to children living in any other ingtitution.

Smple Level Links. Children werelinked to their biological mothersif:

1: The woman was enumerated as spouse of head and the child had a rdationship code that
indicated that he or she was a child of head. The later relaions are quite common in male-
headed households. If the woman was listed as spouse and child was listed as stepchild,
we assign the child to the woman since she might have brought that child into a new
marriage. Alterndively, thislink was established if the child waslisted asAdhild- of head and
the woman was listed as head. Thisis amore direct link since the head of the household

isawoman.

2. The ages of the mother and child were biologicdly feasble. We rgected any linksif a
woman is younger than age 12 and the oldest child in the set of children that could have
been potentidly linked to the mother had an age that did not equa or was above the
woman's age a firg birth. In other words, if any child has age out of range then that child
would not be alowed to be linked in that household. In those cases where thereis aman

who iswidowed, divorced or remarried with children from both the first and second wives,



we made an effort to segregete the children into two sets so that we could only link children
to their biological mother. We used each womarrs reproductive window to determine

which children were assigned to her.

3. The total number of children linked to the mother was no grester than the number of
surviving children she reported or the number enumerated in the household with her.
However, there was one exception to this rule. In cases where children enumerated in the
household were more numerous than children reported to be surviving and living a home,
we disregarded the living at home tota and we used children ever born as our maximum.
In conditions 3 and 4, our main am was just to link enough kids to bring her under quota
or to equa the number she said she has given birth to. Thus, we had to rgject any excess
children attached to awoman just to equal or bring her under quota.

4.The mother did not report a zero number of surviving children. Thisimplies that there

were no links that were established if awoman was childless.

Higher Level Links For us to match children to mothers in households with additiond femae
boarders (other than the spouse or household head) present in the household, we had to filter on
relationship to head of household. For example, a child who islisted asAother rdivel can only be matched
with a daughter of head, step-daughter of head, or another relative and not matched with the head, spouse
or non-relaive. At higher leve links, we aimed at rgjecting cases sdectively. For the higher leve links we
repeat the ample leve rules with qudifying modifications and examine dl remaining children for possble
links. The position of the children and mother in the household listing was crucid here. Because of the
ingructions given to the enumerators we expect potentia own-children to be listed under their potentia
mother. However, in cases where enumerators did not follow the outlined procedures for the listing of
household members we fird try to assgn the firg children listed in the household to the first woman until
her quota of living children and resding with her ismet. After that, we move to the next woman and so on.



Using this generd framework, children were then matched with potential biologicd mothersiif:

H1.The ages of the woman and child were biologicaly feasble. We rgected any links if
awoman was under 12 years of age and the oldest child in the set of children linked to the
mother had an age that did not equal or was above woman's age a firg birth. The"st” is
al children listed below the woman. So if a angle child in the household has age out of
range then no child can be matched to that woman.

H2. If child islisted under woman and has not been included in first link.

H3.The total number of children linked to the mother was no greater than the number of
surviving children she reported or the total number of children currently staying with her.

H4.The mother did not report a zero number of surviving children.

Because of the complex nature of some of the households we encountered, we had to flush out
some household cases so that we could manually determine how to selectively reiect some of the children
listed in the household under awoman. In the next section we present some examples of the linking Strategy
outlined above.

Examples of Linking Zambian Census Micro Data

The 1990 Zambia census provides a separate record for each person in the household and each household
has a unique identification number. The census records age, age a firg birth, children surviving by sex and
place of resdence for each woman. We use this information to reduce the likeihood thet more children are
meaiched to a mother than the total number of mae and female children she reported as children ever born
or resding with her on the night of the census. We illugtrate the matching procedures used with severa

examples from the 1990 Zambia census.

Household 1.(nuclear, all family members present)
Fird, we congder afamily with five family members (household # 1). Line number smply reflects the order
in which each family member was supposed to be listed on the household questionnaire. The first example,
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(household 1) isdearly anudear family, hence searching and linking al 3 children to their mother was easy
sncewe only had 1 potentiad mother and 3 potentia children to ded with. All the ages of the children fit in
with the mother=s reproductive window and their sex digtribution matches that indicated by the mother.
Findly, each child:s rdationship code was compatible with a mother-child link.
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Household 1.(nuclear, al family members present)

Line  Membership Relationship Sex  Age  Maritd Agea Children Children Children  Children Children Children Child
No. Status to Head of Status First Surviving  Surviving living living with Living Living Linked to
Household Birth  (Male) (Femde) with mother Elsewhere Elsewhere Womanin
mother (Femadle) (Male) (Female) line
(Male) number
1 Usua member  Usual head made 49 married  na na na na na na na None
2 Usual member  Spouse fema 44 married 24 2 1 2 1 0 0 None
le
3 Usua member  Own son made 20 Never na na na na na na na 2
married
4 Usua member  Own son mde 15 Never na na na na na na na 2
married
5 Usua member  Owndaughter fema 7 Never na na na na na na na 2
le married
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Household 2. (Nuclear but some of the children live elsewhere)

Thisexample is dso atypical household in Zambia. Y ou have some of the children living esewhere. To
establish the mother-child link, we repeat the steps employed in household number 1. So our linking
program scans the household and identifies the woman in line number 2 as the potential mother since her
relationship code is spouse. The other femaes aged 12+ in the household are dropped as potential mothers
because they are not married and they did not indicate children ever born or age at firgt birth. Thus, in this
household, we eeslly link dl children who were saying a home with their mother (5 out of 8 children) snce
thelr reationship codes were own son/daughter. All the ages of the children fit in with the mother-s
reproductive window and their sex distribution matches that indicated by the mother. The Amissing kidsi

can only be assgned to the mother using a probabilistic process.

13



Household 2 (nuclear, but some of the children live e sewhere)

Line Membership Relationship  Sex Age Maita Age  Children Children Children  Children  Children Children Child
No. Status to Head of Status  at Surviving  Surviving  living living Living Living Linked
Household First  (Male) (Femae) with with Elsewhere Elsewhere to
Birth mother  mother (Mae) (Female) Woman
(Mae) (Female) inline
number

1 Usual Usual head mae 48 married na na na na na na na None
member

2 Usual Spouse femade 41 married 18 3 5 2 3 1 2 None
member

3 Usual Own femde 17 Never na na na na na na na 2
member daughter married

4 Usual Own son mae 14 Never na na na na na na na 2
member married

5 Usual Own son mae 12 Never na na na na na na na 2
member married

6 Usual Oown femde 8 Never na na na na na na na 2
member daughter married

7 Usual Oown femde 8 Never na na na na na na na 2
member daughter married
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Household 3.

Our third example a o reflects fairly common living arrangementsin Zambia. In this household, you have
femde boarders who are potential mothers to the children listed in this household. To establish the mother-
child link, our linking program identifies potentid mother number 1 and then seerches and links 5 potentia
children. Our task is made easier for this woman because she is listed as head of household, so the
relaionship codes of her children are own son/daughter. Thus, children in line numbers 2, 3, 7, 9 and 10
are matched to woman in line 1. This household aso presents the expected listing of household members.
The two femde children are dso staying with their own children. Our linking agorithm matchesthefirg 3
Aother rdaivedi liged after the 24 year old daughter in line 2. Thus, we are able to identify children in lines
4,5, and 6 as her own. Their agesfit in with the womares reproductive window and their sex distribution
matches that reported by ther potentid mother. The second daughter in line 8 has 1 femde child living with
her. The Aother rdaivel in line 8 isidentified as her own child. Her age matcheswoman in line 8s age a
first birth. Lastly, the head of the household is matched to the 90-year-old female in the househol d.
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Household 3. (Household with female boarders)

Line  Membership Relationshipto Sex Age Marital Age Children Children Children Children Children Children Child
No. Status Head of Status a Surviving  Surviving living with  livingwith  Living Living Linked to
Household First (Male) (Femadle) mother mother Elsewhere Elsewhere  Womanin
Birth (Male) (Femde) (Male) (Female) line
number
1 Usud Usual head femae 53 Widowed 20 3 3 3 2 0 1 11
member
2 Visitor Owndaughter ~ femade 24 Married 15 1 2 1 2 0 0 1
3 Visitor Own son mae 9 Never na na na na na na na 1
married
4 Visitor Other relative femae 6 Never na na na na na na na 2
married
5 Visitor Other relative femae 2 Never na na na na na na na 2
married
6 Visitor Other relative mae 0 Never na na na na na na na 2
married
7 Usud Own daughter ~ female 16 Married 15 0 1 0 1 0 0 1
member
8 Usud Other relative femae 0 Never na na na na na na na 7
member married
9 Usud Own son mae 23 Never na na na na na na na 1
member married
10 Usud Own son mae 23 Never na na na na na na na 1
member married
11 Usud Other relative femae 90 Widowed 20 2 2 0 1 2 1 none
member
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Household 4 (Polygynous)

In Zambia, polygyny ismogt prevalent in rurd areas and its more common among older women than among
younger women. Its prevaence (1 in 5 women) creastes complex family structures. Despite this complexity,
household number 4 clearly show that it is possible to match children to mothers even in such complex
households. In this household, we have a 53-year-old mae who is married to two women in lines2 and 9.
The first wife (line 2) has given birth to 7 children in her lifetime but she is only staying with 5 of these
children. She has brought a 29-year-old daughter into this marriage. Childreninlines 3,5, 6, 7 and 8 are
meatched to her because their agesfit in with her reproductive window and their sex didtribution matches thet
reported by mother. The second wife in this household has 2 children (in lines 10 and 11). The other femde
relative (line 4) is not linked to any woman, therefore sheis a non-own child.
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Household 4 (polygynous)

Line Membership Relationship  Sex Age Marita Age Children Children Children  Children  Children Children Child
No. Status to Head of Status at Surviving  Surviving  living living Living Living Linked to
Household First (Male) (Female) with with Elsewhere  Elsewhere  Woman
Birth mother  mother (Male) (Female) inline
(Male) (Female) number

1 Usual Usual head mae 53 Married na na na na na na na none
member

2 Usual spouse femade 50 Married 17 1 6 1 4 0 2 none
member

3 Usual Own son mae 13 Never na na na na na na na 2
member married

4 Usual Other femade 15 Never na na na na na na na none
member relative married

5 Usual Step femade 29 Divorced 19 0 2 0 1 0 1 2
member daughter

6 Usual Step femade 10 Never na na na na na na na 2
member daughter married

7 Usual Oown femade 7 Never na na na na na na na 2
member daughter married

8 Usual Step femade 3 Never na na na na na na na 2
member daughter married

9 Usual Spouse femade 40 Married 20 1 1 1 1 0 0 none
member

10 Usual Oown femde 20 Never na na na na na na na 9
member daughter married

11 Usual Own son mae 15 Never na na na na na na na 9
member married
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Zambian Reconstructed Birth Histories

Our estimates are limited to thirteen years prior to the census, and we estimate births for children

under age 13 a the time of the census enumeration. The own-child linked birth histories include most of

the births up to age 13 (and the mgority of births up to age 19). Figure 1 presents the percentage of

children linked by age for Zambiain 1990. The basic linking of children with mothers is not complete
because it excludes birth of deceased children, surviving children living outsde the mother=s place of

resdence, and children surviving a deceased mother.
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Figure 1. Percentage of Children Linked by Age for Zambia, 1990
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Figure 1 shows that most children begin to live awvay from their mothers after age 15. This means

that more recent births are more likely to be linked, hence fertility estimates for the recent period should be

more robust than those for the distant past. Figure 1 aso shows that about 20% of children aged 0-9 were
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not linked to their mothers. Within the unlinked group, you have orphaned children, adopted children and
grand children. Given that mortdity increases with age, the increase in unlinked, or Anor-own{, children
observed in the data with increasing age is not surprisng. Mothers of older children are more likely to have
died, and older children are generdly more likely to live e sewhere.

The>own-child- linking procedure works perfectly well in households where you have one woman
living with her children and husband only. However, it isimportant to note thet high levels of polygyny and
child fosterage complicate matching children in sub-Saharan Africa. For ingance, in Zambia, 1in 5 children
are fostered while 17% of currently married women are in polygynous union (McDaniel and Zulu 1996;
Central Statigtica Office and Macro Internationa 1996).

In Table 1 we present the percent of women linked by type of marita union. As expected, the
mgority of children under age 14 were either linked to women in monogamous or polygynous unions (68
and 63 per cent respectively). Being able to link 63 per cent of children enumerated in households with
more than one wife is very sgnificant in the Zambian context since 20 per cent of Zambian women are
polygynous marriages. Polygynous househol ds require more complex strategies for coding of mother-child
linkages. In the case of Zambia, the enumerators were clearly ingtructed to sart by listing the name of the
head of the household whether or not he or she spent the previous night in the house. In order to be
gystematic, enumerators were then ingtructed to write the name of the spouse of the head of household after
that of the heed, followed by the names of their unmarried children, married children and thar families and
lastly, those of other relatives and the non-relatives in that order. In cases where the head of a household
had more than one wife living in one household, the enumerator hed to enter firgt the name of the first wife
then her children, and then the next wife and her children and so on (Central Statistica Office, 1990). Such
asysemdic liging of household members would dlow usto assign children to mothers directly. When the
enumerators followed these ingtructions we could make smple links and when this was not the case, more
complex methods of linking were employed. We create a reproductive window for each woman. This
window is created by incorporating information on age &t first birth and current age of women. Once we
cregte this reproductive window, we use information on age of each child to establish when a particular

woman gave birth.
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Tablel. Percent Linked/Unlinked by type of Union

Age of Child Polygamy Statuses
Union Type Unlinked Linked
0-14 No Wives 56.05 43.95
1 Wife 32.18 67.82
2+ Wives 37.45 62.55
15+ No Wives 82.49 17.51
1 Wife 83.21 16.79
2+ Wives 84.97 15.03
All Ages No Wives 78.09 21.91
1 Wife 60.11 39.89
2+ Wives 64.87 35.13

Table 2 presents the percentage of linked children by age group and their relationship to the household
head. As expected the highest percentage of links occur where the child is a son or daughter of the
household head. For children between 0-14 over 77 percent of children classified as son or daughter of
the household head are linked to their mother. An unanticipated observation is the high percentage of
unmeatched stepchildren.  Although, step children account for a small number of dl children, it isnot clear
why they are lesslikely to be in households with their mother. One possible explanation is that stepchildren
aremore likdly to be fostered and to be unlinked if their mother dies. It is aso possible that stepchildren
aremore likely to be a miscoding of the relation to head of household code or respondent errors. At any
rate the number of stepchildren is small and does not significantly influence the overdl trend of the data.
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Table2. Percent Linked/Unlinked by Relationship to Household Head

Ageof Child  Rdationship Linked

0-14 Usua Head 0.01
Spouse 0.64
Child 77.08
Step-Child 26.20
Other Rdlative  19.43
Unrdated 18.70
Missng 7.64
15+ Usud Head 0.00
Spouse 0.02
Child 59.40
Step-Child 23.15
Other Rdative 2.32
Unrdated 141
Missng 1.13

After the number of own children ages 0 - 14 has been determined, the data can be tabulated in association
with other characterigtics of the woman and her family as are indicated in the census. Tabulation made for
maost African nations include such characteridtics as education, marital datus, labor force status, occupation,
place of resdence and qudity of housing. Such information gives researchers leverage to sudy differentia
fertility usng own children methods.

Fertility Estimates from Reconstructed Census Birth Histories
We estimate the number of linked children for each year prior to the census date and the distribution of
linked children by age of mother. Using the own children technique to caculate age specific fertility rates
for thelast 13 years dlows usto evduae if the partialy reconstructed birth histories yield fertility estimates
that are just as good as those obtained from actua birth histories.

The didribution of women by age and totd number of linked Aown children ever born provides
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the basic data. Figure 2 presents the percent of children linked by age of mother. As expected the mgority

of linked mothers are between the ages of 20 and 39 for children between the ages of 0 and 14. As
expected the links for older births were not as successful, and we focus on children aged 0 to 14. We have
linked children to mothers within households using information on mother=s age, child=s sex, age, marita

datus, children ever born, children living a home, children living esawhere and relaion to head of

houschold. Now we can reverse-survive both the children and mothers to establish the number of women

100

0

Figure 2. Percentage of Children Linked by Age of Mother for Zambia, 1990

Age of Child

0-14
— — . 15+

12-14 15-19 2024 2529 2024 3539 4044 4549 5059 6069 70-79 80-89 90

Age of Mother

aged x in any given year and the number of births by age of mother in years prior to the date of the census.
Thus, the god of the birth recongtruction procedure is to establish Acruded birth intervas and then link them

to the year of occurrence. Thiswill then dlow usto cdculate time trends.
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We use the basic method outlined by Cho et d. (1986). For smplicity we congder that numbers of women
and children at the time of the census have been adjusted for the presence of unlinked children,
underenumeration, and that mortality has been congtant over the estimation period. Table A1 shows the
adjusment factors we used to account for the ‘'non-own'’ children who were not linked. We denotet asthe

time of the census, thus,

Ba—x(t - X) - Cx,a(IO/IX) 1)

Equation 1 reverse-survives children aged x of mothers aged a at timet to births of mothersagea - x at
timet - X. And,

W, (t- X) = V\é(t)(laf-x / IEI) @

Equation 2 reverse-surviveswomen aged a a@ timet towomen aged a - x a timet - x. Thesevauesare
used to caculate centra birth rates for women by age. We adjust the number of own children for unlinked
children by afactor computed as the reciproca of the proportion of children aged x to x + 1 a the time
of the censuswho are linked to mothers. Once we have corrected the estimates for unlinked children and
child and women mortdity (usng North Moded Leve 13) we estimate the age specific centrd birth rate,
referred to here as the age-specific fertility rate, as

f(t-X)=B, (- X)W (t- X )

Table 3 presents our estimates of the adjusted age-specific birth rates for Zambia applying own-child
methods to the 1990 census micro data. The unadjusted age specific fertility rates are shown in Table A2.
As expected, the unadjusted fertility estimates are fairly low when compared to the adjusted estimates.
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Table 3. Own-Child Based Estimates of Age-Specific Fertility Ratesand Totd Fertility Rates
for Zambia: 1977-90

Age-Specific Fertility Rates

Y ear
1519 20-24 2529 30-34 3539 40-44 45-49 TFR

1977 0153 0349 0338 0305 0.209 0.128 0.063 7.7
1978 0.157 0373 0388 0349 0.263 0.154 0.085 8.8
1979 0136 0337 0348 0.317 0.240 0.135 0.079 7.9
1980 0143 0359 0399 0.367 0.292 0.166 0.094 9.1
1981 0120 0316 0340 0306 0.244 0.140 0.075 7.7
1982 0115 0312 0353 0326  0.265 0.161 0.083 8.1
1983 0103 0279 0314 028 0.229 0.143 0.066 7.1
1984 0095 0271 0316 0.292 0.238 0.154 0.069 7.2
1985 0090 0255 0.292 0.277 0.223 0.143 0.066 6.7
1986 0.087 0257 0306 0291  0.240 0.157 0.077 7.1
1987 0.082 0230 0263 0255  0.203 0.133 0.065 6.2
1988 0074 0211 0247 0.237 0.198 0.124 0.065 5.8
1989 0066 019 0218 0.211 0.172 0.105 0.050 5.1
1990 0.072 0203 0227 0216 0.176 0.104 0.049 5.2

Severd interedting patterns are gpparent in Table 3. Firg, it is gpparent that the fertility levels are lower than
expected for some years and higher than expected for other years. In part thisdigtinction isaresult of usng
linked own children in our numerator and women who reported their ages in the denominator. (Women who
did not provide their ages were left out of the linking agorithm program). Secondly, own children data for
the more distant past provide lower fertility estimates than do data for the recent past, consequently the
adjusment factor is higher for these ages. Thisis to be expected because of the pattern we saw in Figure
1, that is, we linked a higher percentage of 0-14 year old children. Thirdly, the own children estimates yield
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the expected age-specific fertility shape, with fertility peaking between ages 20-29. Laglly, it gppearsthat
fertility began to decline only recently in Zambia. All age groups appear to be contributing to the recent
decline, dthough the decreases are greater for the younger age groups.

Another gpproach to evauate fertility trends obtained from our own-child estimates is to compare
them with estimates from other sources. Figures 3 and 4 and Table A3 compare our estimates of the age
specific birth rates to those derived from other sources for 1980 and 1990. The fertility estimates from
these data sources indicate that Zambia has been experiencing high fertility levels, which have only shown
a decline in the recent past. However, in view of the different methodologies used to collect these data
(censuses versus surveys), arigorous comparison of these age-specific fertility rates should be done with

caution.
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Figure 3. Age Specific Fertility Ratesfor Zambia, 1980
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Figure 4. Age Specific Fertility Rates for Zambia, 1990
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Figure 3 presents the age specific fertility rates for Zambiain 1980. Our own-child estimates present a
higher rate of fertility than those estimated and adjusted by the Zambian Centra Statigtica Office (CSO).
The patterns are generdly the same but our adjusmentsinflate our rates much higher than those employed
by the CSO. Interestingly, our estimates and those of the CSO both peak at ages 25-29. We do not
know enough about the CSO adjustments to account for the differences in the adjusted rates (Centra
Statigtical Office, 1980).

Figure 4 dso shows that for the 1990 census, we have three sets of age-gpecific fertility estimates.
Thefirgt set of estimates was derived from unadjusted own children data, hence the very low age specific
fertility rates. The second set of estimates refer to the fertility measures we get after rguvenating deed
children and dead women, and adjusting our estimates for unlinked children. The age-specific fertility rates
increase as expected, but are lower than the officid set of estimates that were computed using the Relationa
Gompertz Modd (Central Statitical Office 1995). It is interesting to note that while the pesk of the age
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specific fertility rates for the two Zambia DHS surveysisin the 20-24 age group, in dl the census estimates
(including those based on own children and rguvenated children and women), the pesk shiftsto age 25-29.

These differences may be the result of high under-enumeration of non-marita births. Our process
of esimation, and those of Brass methods, favor the age-specific fertility structure of married women, and
may be biased againg the fertility structure of unmarried women. In this same vain of reasoning it may be
that infant and child mortdity differsfor children of unmarried mothers. At any rate the difference in the age-
specific sructure of fertility in estimates from census and survey data merit closer atention.

Conclusion

This primary god of this article was to examine the gpplicability of own children methods to the African
context using African census micro data. The above results suggest that own children data derived from
African censuses can be cautioudy used to estimate fertility levels and trends. However, amgor limitation
of the fertility estimates calculated usng partialy reconstructed census birth higtories is that they are biased
sgnce we do not have complete birth information for women with surviving children not resding in the same
household, and deceased children. Own-children birth histories have been successfully used to estimate
fertility levelsin many Adan countries and the United States. Our efforts to replicate these estimates usng
African census micro data suggest the usefulness of such techniquesfor Africa However, the Zambian case
a0 raises saverd questions about the gpplication of the traditiona own-children techniques. The Zambian
example exposes some fundamentd limitations of usng these rguvenated data to edtimete fertility levels and
trends. We linked 64% of children ages O to 14 to mothers. Our fertility estimates were lower than
estimates from other sources athough we did replicate the shape of the fertility curve produced by Brass
techniques.

To get accurate and consstent fertility estimates, own-children birth history data require that
respondents should report their ages and that they report them accurately. Our underestimetion of fertility
suggests erors in the reporting of age for both children and mothers. It is not clear if errors in the
disgtribution of women by age introduced more noise in the own-children birth higtory datathan errorsin the
digribution of children by age. However, Retherford et d. (1979) contend that in the mgority of cases, own
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children based fertility estimates for a given year are severdly affected by age misreporting of woman.

The use of extensons of the own-children methods may address some of the shortcomings in our
edimates. The method of recongtructing complete birth histories from census datais an extension of the
own-child methods of esimating fertility. The basic extenson method, developed by Luther and Cho
(1988), is based on a probabilistic procedure in which awomarys incomplete birth history derived from a
ligting of her own-children by ageis used together with supplementary information on the number of children
ever born and her number of surviving children. Using these data L uther and Cho estimated a womarys
deceased and fostered (or children no longer living with her) children. The totad number of such children
is then probabilistically assgned to awoman to establish a complete reconstructed birth history.

To improve the household roster of linked children we could impute the birth dates and birth order
number of al dead children and those living e sewhere using a probabilistic method. Given a womarrs
reproductive window (thet is current age minus age  fird birth) plus the ages of surviving children maiched
to awoman, we caculate the ages of dl the dead children and those living € sewhere snce we know the
total number of children ever born. To reverse-survive dead children and infer their birth dates, requiresa
suitable life table that can match mortdity petternsin Zambiain the last 10 to 20 years. Such lifetables are
avalable from the Gwembe demographic laboratory (Clark et d. 1995). For Zambia, we should assume
changing mortality over time because of the economic reversasin the country that have devadtated the lives

of many people.
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APPENDI X

Table Al. Adjustment Factors for Unlinked Children

Childs Age

Adjustment Factors

O©OooO~NOUlDd WNEO

e N
W N EF-RO

1.2937
1.3574
1.4200
1.4507
1.4949
1.5151
1.5244
1.5875
1.6064
1.6628
1.6972
1.8426
1.8085
1.8268

Table A2, Unadjusted Age Specific Birth Rates and TFR, Zambia 1980

Age-Specific Fertility Rates

Year
1519 20-24 2529 30-34 3539 40-44 45-49 TFR

1977 0.070 0.160 0.150 0.140 0.100 0.060 0.030 3.6
1978 0.070 0.170 0.180 0.160 0.120 0.070 0.040 4.1
1979 0.060 0.150 0.150 0.140 0.100 0.060 0.040 3.5
1980 0.060 0.170 0.190 0.180 0.140 0.080 0.050 4.4
1981 0.060 0.150 0.160 0.150 0.120 0.070 0.040 3.8
1982 0.060 0.160 0.180 0.170 0.140 0.080 0.040 4.2
1983 0.050 0.140 0.160 0.150 0.120 0.070 0.030 3.6
1984 0.050 0.140 0.170 0.160 0.130 0.080 0.040 39
1985 0.040 0.130 0.160 0.150 0.120 0.080 0.040 3.6
1986 0.040 0.140 0.170 0.160 0.130 0.080 0.040 3.8
1987 0.050 0.130 0.150 0.150 0.110 0.080 0.040 3.6
1988 0.040 0.120 0.150 0.140 0.120 0.070 0.040 34
1989 0.040 0.120 0.140 0.130 0.110 0.070 0.030 3.2
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Year

15-19 20-24 25-29 30-34 35-39 40-44 45-49 TFR
1990 0.050 0.130 0.150 0.140 0.120 0.070 0.030 35

Table A3. Age Specific Fertility Rates and Totd Fertility Rates from Various Sources, Zambia
Age Census 1980 Census Census 1990 Census 1990 Census1990 Zambia  Zambia
Group (Unadjusted) 1980 (Own children  (Adjusted (Officid)* DHS DHS

(Adjusted) data) own-children 1992 1996

estimates)

15-19 0.061 0.153 0.050 0.073 0.094 0.156 0.158
20-24 0.239 0.318 0.130 0.205 0.267 0.294 0.280
25-29 0.253 0.323 0.150 0.230 0.294 0.271 0.274
30-34 0.223 0.289 0.140 0.218 0.272 0.242 0.229
35-39 0.181 0.225 0.120 0.178 0.226 0.194 0.175
40-44 0.108 0.115 0.070 0.140 0.129 0.105 0.077
45-49  0.070 0.017 0.030 0.050 0.059 0.031 0.024
TFR 5.7 7.2 3.45 5.3 6.7 6.5 6.1

!Adjusted using the Brass Relationd Gompertz Mode
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