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Abstract

Fertility stalls are defined as a period of sevgears without fertility decline after a period of
steady decrease in fertility rates. Several case® wiocumented in the 1990’'s and early
2000’s in Africa using DHS data. When fertility eatstop declining, the size of birth cohorts
tends to increase, leaving a trace in the age pgtabonversely, the size of birth cohorts in
successive censuses allows one to reconstructrpadt in the General Fertility rate (GFR).
This study illustrates this point using five ceresifom Kenya, all available as samples in the
IPUMS-International database. Results show thdilifgrwas declining in Kenya since the
mid-1960'’s, and that a fertility stall could be mdiéed from 1994 to 2003; after this date, the
fertility decline resumed until 2008, the last gaavailable. Fertility levels and trends found
in census data were consistent with those idedtifieDHS surveys. The level of the GFR
estimated from census data was somewhat lower é0ef®B85, possibly due to census
undercount in the earlier censuses, but similaretfter, whether before the fertility stall
(GFR= 193 and 200 per 1000 respectively in 19853),99uring the fertility stall (166 and
171 per 1000 respectively in 1994-2002), and dfter stall (153 and 155 respectively in
2003-2008). In conclusion, census data could bd meinvestigating levels and trends in
fertility, and for identifying the fertility stalin Kenya.

Key words: Fertility transition; Fertility stall; Census; C81survey; IPUMS; Kenya; Sub-
Saharan Africa.



I ntroduction

This study is part of a series of studies aimingl@etumenting fertility trends and
fertility stalls using African census data availn the IPUMS database. This study focuses
on Kenya, the first and best documented case tiitiestall. [Bongaarts, 2006 & 2008; Ezeh
et al., 2009; Westoff & Cross, 2006]

In the 1960’s Kenya was the country with the higHestility rates recorded in the
world. Since then, fertility has been decliningastdy until the mid-1990’s when it stalled.
The peak fertility, the date of onset of the fdstitransition, the speed of the fertility decline,
the date of the fertility stall are still matter§ debates, and sometimes controversies.
[Machiyama, 2010; Machiyama et al., 2010; Schoumak@09 and 2010; Shapiro and
Gebreselassie, 2008; Shapiro et al., 2010; Snesri@§09] In this study, we refer primarily
to a prior analysis of DHS data. [Garenne and Jgs2@02; Garenne, 2008; Garenne 2011]
This analysis showed a peak of fertility in thelyd960’s, with a very high Total Fertility
Rate: TFR= 7.7 children per women in urban areas, BFR= 8.4 in rural areas. Then
followed a fertility decline until 1994, reachingexage values: TFR= 3.3 in urban areas, and
TFR= 5.8 in rural areas. The fertility stall lasted about 10 years, until 2004, and fertility
decline resumed until 2008, the last point avadahlith TFR= 2.8 in urban areas and TFR=
5.1 in rural areas. Since the fertility stall wasitar in urban and rural areas, both areas were
combined for this analysis.

This paper aims at documenting fertility trend&emya using census data available in
the IPUMS-international database. The method faddvor reconstructing fertility trends is
straightforward: censuses provide the size of dshsurviving at time of the census. These
cohorts can be backward projected to estimatei®edf birth cohorts. These births can be
divided by the estimated population of women aget95at the same year, providing an
estimate of the General Fertility Rate (GFR). TemdGFR can then be studied to investigate
periods of fertility decline and fertility stalland can be compared with DHS data.

1. Data

1.1 IPUMS census data

Five Kenyan censuses are available in the IPUM8&bdae, conducted in 1969, 1979,
1989, 1999, and 2009. These censuses were condegiddrly 10 years apart, usually in late
August, with the exception for the 1989 census aotetl in October. This regularity greatly
facilitates the reconstruction of birth cohortdhaligh it tends to cumulate age errors due to
digit preference, since persons aged 10 at thedassus, will be 20 at the second, 30 at the
third, 40 at the fourth and 50 at the fifth. Duritige 40-year period (1969 to 2009),
urbanization increased rapidly, reaching 31% inR20ote that the 1969 IPUMS census file
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has no variable for urban residence. Note also ttieatextrapolated data, using the person
weights are not totally identical to the officiabgulation, although they are very similar.
Furthermore, sampling fractions vary from 5 to 18éfpending on the census. Extrapolation
weights are uniform for the last 3 censuses (19899 and 2009), but are complex by age
and sex for the first 2 censuses (1969 and 19748%).shmple data of censuses conducted in
1969 and 1979 were particularly disturbed, withrogarall sex ratio of 117.1 in 1969 and 77.2
in 1979. Extrapolation weights corrected for somiéhe major errors, but induced serious
distortions in the age and sex structure, espgdailthe young adults. (Table 1)

Table 1: IPUMS census data for Kenya

Census year Official IPUMS Sampling Percent Percent
(reference population sample fraction Urban women
date) Extrapolated 15-49
24/08/1969 10,942,705 10,936,939 6.0 20.4%
24/08/1979 15,327,061 15,327,611 6.7 12.8% 21.9%
25/10/1989 21,448,047 21,481,960 5.0 16.5% 22.2%
25/08/1999 28,686,607 28,150,940 5.0 24.3% 24.6%
25/08/2009 38,610,097 38,419,350 10.0 31.3% 24.3%

The 1969 and 1979 censuses are based on privagehads (also called conventional
households), but weights seem to extrapolate ttootia population. The other three censuses
include private households, institutions, homefemsons and refugees. In any case, the total
extrapolated population by age and sex was coresider this analysis, without any attempt
to correct for the minor biases included by theapalation method.

1.2 UNPD population data used for comparison

The United Nations Population Division (UNPD) pwshies regularly country
estimates of total population, proportion urbare agucture, births and deaths, and fertility
estimates (CBR and TFR). The population, age arndsacture and births could be used to
calculate the GFR. The 2012 revision of the UNPDeges was used for this study. Data
were taken from the UNPD web site. As will be seetow, the UNPD estimates could not
always be used because of various inconsistendibs@nsus data. [United Nations, 2013]

1.3 DHS fertility data

The Demographic and Health Survey (DHS) data ailiferand the reconstruction of
fertility trends were described in details elseveheiGarenne, 2008 and 2011] In brief,
maternity histories were used to compute age spdeiftility rates in the 10 years before
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each survey. The cumulated fertility by age 40,edohere TFR(40), was calculated by
summing them. The cumulated fertility by age 5@, agular Total Fertility Rate, noted here:
TFR(50) was derived from TFR(40) by assuming tha%f the fertility occurs before age
40. This value is common in Africa and was validad® Kenyan DHS data.

For this study, the TFR was converted into GFR gigiflinear regression line. The
equation was:

GFR = A + BXTFR

With A= 24.497, and B= 28.544, TFR in births permen, and GFR in births per 1000
women aged 15-49. This regression line was obtair@ed empirical values in DHS data
from Kenya. It predicts a value of GFR= 253 per@ @& a TFR= 8.0, and GFR= 139 per
1000 for a TFR= 4.0.

2. Methods

The method to estimate the GFR and fertility trerfdsm census data was
straightforward:

1) Reconstructing the total population of Kenyasingle year period, from 1950 to 2009: this
was done by log-linear interpolation between cermsia.

2) Calculating the proportion of females aged 134 S%ingle year period. Since the IPUMS
census estimates were consistent with the UNPD, da¢aUNPD estimates were used to
reproduce the changes in the age structure, yeaeday from 1950 to 2009. This allowed
computing the size of the female population aged445by single year period, the
denominator of the GFR.

3) Tabulating census data by single year of age kaep only reliable age groups from birth
to age 18. Since censuses were 10-years aparty yednorts are defined by their age at
census, and go from September to August (and oot Sanuary to December).

4) Backward projecting survivors age (x) at censusbtain births that occurred in year (t-x),

the numerator of the GFR. This was done by comguirelationship between survival at age
x and level of mortality defined by the under-fideath rate, labelled q(5), in General pattern
of the UN model life tables for developing coundri@his assumes that the level of mortality
of the cohort born in year (t) is determined by lénes| of under-five mortality that same year.

This relationship was then applied to trends in) ggStimated from DHS surveys, and

published elsewhere. [Garenne 2006; 2012]

5) Merging estimates of birth cohorts from the foe@nsuses, by eliminating erratic data. A
further refinement was used by smoothing fluctuegidue to age misreporting with a moving
average.



6) Computing the annual GFR, by dividing the numbkbirths by the female population
aged 15-49.

7) Comparing the census GFR with that derived frbiS surveys and with UNPD
estimates.

3. Results

3.1) Population estimates 1950-2009

Figure 1 displays the reconstructed population dsefrom 1950 to 2010. The
reconstruction fits accurately the official popidatat census and in the IPUMS database. It
differs somewhat from the UNPD estimates, whicldtenbe higher after 1979, and could not
be readily used for our purpose. Population trearésrather smooth in Kenya from 1948 to
2009, and do not show any major inconsistency.

Figure 1: Trends in the population of Kenya: 194082
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3. 2) Proportion of women aged 15-49 vears

The proportion of women aged 15-49 years in theufadion showed some
inconsistency, especially in the sample data of1#é9 census, where it was higher than
expected, and much higher in the raw file beforteagolation. The UNPD estimates are more
regular, and indicated a downward trend from 1960965, then an increase afterwards until
2005, followed by a plateau. With the exceptiontioeé 1979 census, the values of the

6



proportions of women aged 15-49 years were comgistgh the UNPD estimates. The DHS
data also indicated a rise from 1988 to 2003, vo#ld by a decline in 2008. So, the UNDP
series was used for the whole period. Note thdtaenge from 20% to 25% in the proportion
of women has a large impact on the GFR, in the gam@ortion (20%).

Figure 2: Proportion of women aged 15-49 yearfiengopulation of Kenya
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3.3 Age structure in Kenyan censuses

The age structures were erratic in all Kenyan uses, even for persons under the age
of 30 years. (Figure 3) The first problem was agaging at ages 10, 12, 18, 20, 25 and 30
years. The second problem was a deficit of infanis toddlers (age 0 and 1), also in all the
five censuses. Furthermore, the 1999 census shawletcit of children age 5-8 years. These
erratic patterns have serious consequences fdratlevard projections, in particular the age
group 0-1 could not be used.



Figure 3: Age structure of the population aged 0A3Renyan censuses
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3.4 Sex ratios in Kenyan censuses

The age-specific sex-ratios also show serious rataldies. (Figure 4) For children
under 10 years of age, they tend to be rather aighnd age 5, except in the 1979 census
where they are rather low. For infants and toddleex-ratios are around 102, which is
consistent with the sex-ratio at birth in Kenyan ®Hata. [See Garenne, 2002 and 2004 for
details] Above age 10 years, age-specific sexgatimd to be erratic and abnormal. The
worst case is that of the 1979 census, which shangslow values between 12 and 22 years,
and major peaks at age 10, 11 and 15 years. Theseanly due to the erratic weights used
for extrapolation: for instance, the weights vaoy females from 16.43 at age 9 to 13.22 at
age 10, but only from 16.52 to 16.55 for malesha&t same ages, creating an imbalance
between the sexes. Sex-ratios are also abnornaaiyafter age 18, except in the 1969 census
where they were corrected by the weighting systarthe raw data file (the IPUMS sample)
the sex ratio at age 19-28 was 120.3 in the 1968use(abnormally high), but only 61.7 in
the 1979 census (abnormally low). Therefore, cehatiove age 18 were not used in the

backward projections because of the large errargdong adults.




Figure 4: Age-specific sex-ratios in Kenyan censys&trapolated data)
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3.5 Size of birth cohorts from backward projections

The sizes of birth cohorts obtained from backwardjections in the five censuses
were overall consistent. (Figure 5) Keeping all arté aged 0-18 years at time of census
reveals the problems already noted: a deficit efabe group 0-1 year, the irregularities due
to age misreporting, and the deficit of the agaugrb-8 years in the 1999 census.



Figure 5: Estimated size of birth cohorts from reeesurvival, Kenya censuses
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3.6 GFR estimates from census data

Estimates of the GFR obtained by backward prajacfrom census data indicate a
complex series of temporal changes over the 1998-p@riod: increase in GFR in the 1950s,
followed by a slow decline in the 1960’s and 197@daster decline in the 1980’'s and early
1990's, a stall for about 8 years, and resumindinkan the later years. These changes are
almost identical to those found in the DHS surva@y® level of the GFR in the DHS surveys
is higher from 1950 to 1990, but similar from 138@®008. These two findings cross-validate
each other, confirming the good consistency betwasrsus and DHS data obtained from
different sources and with different methods.
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Figure 6. GFR estimates from reverse survival, keny
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3.7 Smoothing census data

Census estimates of GFR were smoothed using arbryeving average. Most of the
erratic patterns disappeared, and again the mamddsrwere found consistent with the DHS
trends. (Figure 7)

Figure 7: GFR estimates from reverse survival, Kefsynoothed by 5-year moving average)
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3.8 The fertility stall in Kenya

Restricting the data to the last three census#89(11999, and 2009) limits the trend
analysis to the 1980-2008 period. This allows ae&tdook at the fertility stall. In census data,
the fertility stall occurred between 1994 and 200Bhin a year of the stall identified in the
DHS data. The levels of the GFR before, during a@fiter the stall were almost identical in the
census data and in the DHS data. (Figure 8, Tapbleiqure 8 also displays the published
values of the GFR in DHS reports, which refer otdythe 3 years before each survey.
Without the trend analysis, it would have beenidiff to conclude to a stall, given the
confidence intervals around the point-estimatesyaisd earlier. [Garenne, 2011] However,
the point-estimates of the GFR in the five DHS sysvappear very consistent with the trend
analysis and with the census estimates for the gaaue with the exception of the 1988 DHS
point estimate found to be somewhat higher.

Figure 8: The fertility stall in Kenya
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Table 2: Levels and trends in GFR from various sesi@at critical points

GFR, per 1000 women 15-49

Year Census DHS UNPD
1950 204 227 229
1965 237 271 253
1994 166 171 170
2003 164 167 161
2008 138 143 155
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Discussion

This analysis based on census data available @nlRMS-international database
revealed levels and trends in fertility, measurgdhe GFR, that were consistent with those
obtained from maternity histories recorded in DHiB/eys. Kenya enjoys a wealth of quality
data on fertility, which validate independently ttensus data.

The quality of census data was not optimal, wehasis problems of age misreporting,
differential reporting of male and female adultsgd ainder-reporting of infants and toddlers.
Some of these problems came from the original datiaers from the weights used for
extrapolation in the 1969 and 1979 censuses. A&kdhaffected the yearly estimates of the
GFR. However, despite the erratic patterns, sigaifi trends could be identified, and found
consistent with trends obtained from DHS data.

Some of the erratic patterns could be sorted gusrhoothing the age structure by
simple methods such as moving averages. More workdcbe done to improve the
smoothing of the age structure by looking spediffdato each age group and identifying the
likely pattern of age biases. However, this woutit sort out the issue of underreporting,
especially that of young men.

Despite all the problems encountered, the cenatasahabled one to identify a period
of fertility stall. More work could be conducted tiviAfrican censuses to better document
fertility trends and fertility stalls.
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