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Abstract

This study estimates the mortality of the South African oldest old age population (in five
year age groups from age 75 up to the open age interval 100 and above) and in the process
re-estimates the numbers of people in the population at these ages at the time of the 1996
and 2001 censuses, and the 2007 Community Survey.

In countries where the data on the old age population have been verified, it has
been observed that the data are marred by errors in the form of age exaggeration, age digit
preference, relative under/over count of the population and under-registration of deaths.
These errors have been observed to have the net effect of underestimating mortality of the
oldest old age groups.

The current research applies the method of extinct generations to estimate indirectly
the population numbers at the oldest old age groups (75 up to 100 and above) using data on
reported deaths alone.

Age heaping and year of birth preference in the reported deaths are assessed using
ratios of the probability of death estimated from the data. Age exaggeration in the data on
reported deaths is assessed using ratios of deaths compared with same ratios from a
standard population. Age heaping and year of birth preference in the census/survey
population is assessed using the modified Whipple’s Index of age accuracy.

The Generalized Growth Balance (GGB) and Synthetic Extinct Generations
(SEG+delta) methods are applied to adjust for under reporting of deaths and to assess
patterns of age exaggeration in the census/survey population. The difference between the
estimates of the completeness of reportng of deaths from the two methods is small (less
than 1 per cent) and has been observed to have little impact on the mortality estimates.
Final estimates of the completeness of reporting of deaths used are those derived using the
SEG+delta method.

After re-estimating the population numbers and adjusting for completeness of
reporting of deaths, mortality rates were then estimated. Results obtained from the method
of extinct generations suggest that there is no systematic difference between the
census/survey populaton and the population numbers estimated from deaths except at

ages 95 and above.



Measures of age accuracy show that there are patterns of preferring 1910, 1914,
1918, 1920 and 1930 as the years of birth in the census/survey population and these
patterns are also found in the registered deaths. The impact of these errors was investigated
and the results show that preference of certain years of birth cause fluctuations in the
mortality rates.

Patterns observed after applying the SEG+delta method suggest that the
completeness of reporting of deaths falls with age at the advanced ages (from age 90 and
above) and as a result, the estimated mortality rates above this age are lower than those
estmated from the United Nations Population Division (UNPD) and US Census Bureau
(USCB) population projections, and Dorrington, Moultrie and Timaeus (2004).

Conclusions reached are that the mortality rates for the age groups 75 to 89 derived
after re-estumating the population numbers and after allowing for the fall in the
completeness of reporting of deaths are lower but not significantly different from those
inferred from the UNPD and USCB population projections, and estimates derived by
Dortington, Moultrie and Timaeus (2004). The research recommends mortality estimates
from the UNPD since they ate the closest to the estimates derived using the published
census population numbers for the whole period between the nights of 9-10 October 1996
and 9-10 October 2001. However, the research produced better estimates of the oldest old

age population numbers relative to the census /survey numbers.
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1 Introduction

1.1 Background

It has been projected that the world population aged 80 and above 1s going to grow faster
than the other age groups and as a result, the absolute size and proportion of the
population in this age group will increase (National Research Council, 2006; United Nations
Department of Economic and Social Affairs, 2007). This shift in population structure has
drawn attention from various policy makers because of its long term implications. This
current research seeks to estimate the South African oldest old age muortality which is
important for understanding the impacts of this aging on, for example, the burden of
disease, provision for retirement, and relative size of the older population among others.

Mortality estimates for the oldest age groups are important for improving estimates
of population size at these ages. Researchers who are interested in the study of mortality
have faced challenges in estimating oldest old age mortality in developing countries. Among
the challenges they face are availability of reliable data of the population count and statistics
on reported deaths. The data that are available have errors in the form of: age exaggeration,
age heaping, relative under count/over count of people and relative completeness of
reporting of deaths by age.

The population size at old age is small and any misstatement of age (usually age
exaggeration and age digit preference) causes a significant difference in the estimates of
mortality rates from their true values. Research by Preston, Elo and Stewart (1999)
investigating the effect of age misreporting on the mortality rates up to age 100 observed
that age exaggeration leads to underestimating old age mortality. Bennett and Horiuchi
(1981) highlighted that reported deaths that are required to estimate mortality rates have
been observed to be under reported, especially in developing countries. They derived a
method for adjusting for the under registration of deaths which they observed to fail for old
age groups because of age exaggeration.

The method of extinct generations first proposed by Vincent (1951) has been used to
produce more accurate estimates of mortality at old age. The method uses information on
reported deaths by age to re-estimate the population at some point in time in the past by
single ages. The recording of age at death on the death certificate is assumed to be more

accurate than the recording of age in a census enumeration. As a result, the population
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numbers at the old ages re-estimated from the information on reported deaths have been
observed to be more accurate than the numbers from a census enumeration.

The current study estimates the South African oldest old age mortality rates and in
the process re-estimates the population numbers at these ages using data on reported deaths
alone. The reported deaths to be used are going to be thoroughly investigated for possible
bias in the form of age heaping, age exaggeration and preference of certain years of birth. A
comparison of the re-estimated population numbers to the census/survey population
numbers is done to explain any observable discrepancies between the numbers. Mortality
estimates are determined from the re-estimated population numbers and the reported

deaths, and then compared with the mortality estimates derived from other sources.

1.2 Aims and Objectives of the research

The research seeks to produce estimates of mortality of the South African oldest old age
population (in five year age groups from age 75 up to the open age interval 100 and above)
and in the process to re-estimate the numbers of people in the population at these ages at
the time of the 1996 and 2001 censuses, and the 2007 Community Survey. The method of
extinct generations 1s usually used to estimate the population aged 80 and above and this
research investigates extending this method to cater for people from age 75. The research
also interrogates and investigates the common data errors that are known to be associated
with the demographic data of the old age population and among them are age exaggeration,

age heaping and birth year preference.

1.3 Statement of the problem

This current research seeks to investigate the accuracy of the South African oldest old age
mortality estimates and as part of that process needs to consider the accuracy of the
population estimates. It has been observed that estimates of the South African population
at old age (75 up to say 100 and above) from different bodies do not match the
census/survey population numbers. The soutces of estimates that have been used to
compare with the census/survey population numbers are the online databases from the US
Census Bureau (2005), United Nations (2007) and estimates from the demographic model
designed by the Actuarial Society of South Africa (2005). This difference in population
numbers would suggest that the population size at old age 1s not well known and hence the

mortality at these ages is also not known. Associated with this difference in numbers at old
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age are errors in the form of age misreporting (usually age exaggeration and age digit
preference), population under/over count and preference of certain years of birth. The

extent of these errors needs to be investigated as well.

1.4 Significance of the research

This research is relevant to the ongoing debate on the global burden of aging and
population aging. It has been projected that the oldest old age world population (80 years
and above) will grow faster than the other age groups in the next two decades (National
Research Council, 2006; United Nations Department of Economic and Social Affairs,
2007). While this increase in human life span has been celebrated as an achievement of the
last millennium, it is also a burden to families, governments and private sectors.

Aging refers to the increase in the absolute numbers of old people and population
aging refers to the increase in the proportion of the old age populaton (National Research
Council, 2006; United Nations Department of Economic and Social Affairs, 2007). Both
changes in the population structure are a result of reductions in fertility and to some extent
the mortality at older ages. A reduction in fertlity reduces the proportion of young people,
whereas a reduction in mortality increases the proportion of people who will survive to old
age (Preston, Heuveline and Guillot, 2001; United Nations Department of Economic and
Social Affairs, 2007). It may be useful for research and policy purposes to distinguish
between old age population (aged 60 and above) and the oldest old age population (aged 80
and above) (National Research Council, 2006; United Nations Department of Economic
and Social Affairs, 2007).

The challenges that atise from aging include health and living conditions of older
people, financial support, challenges to existing models of social support, strains on social
insurance and pension systems, and changes in disease patterns and prevalence (National
Research Council, 2006; United Nations Department of Economic and Social Affairs,
2007).

The demographics of aging are not well known in most developing countries. As a
result, the resources available to address health and demographic changes have focused on
issues that are assumed to be of immediate concern to the young population (infant, child
and maternal health, nutrition and HIV/AIDS) at the expense of the needs of the aged

population (National Research Council, 2006).
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Research into aging is important in countries where old age programs account for a
considerable proportion of public expenditure budget. South Africa is one of the few
countries in the Sub-Saharan region that has a significant security programme for the aged
(Makino, 2004; National Research Council, 20006).

The ravages of the HIV/AIDS epidemic have affected the wage-earning population
and these are the people who are expected to provide financial support for their aged
relatives and children (Natonal Research Council, 2006). To make matters worse, the
impact of HIV/AIDS epidemic leaves the aged population with the burden of looking after
the orphans as well as themselves. Looking at ages, say above 65, these people will have
reached retirement age and the income they might have at that age may not be enough to
cater for their responsibilities. This calls for governments and other organizations to assist
with resources (United Nations Department of Economic and Social Affairs, 2007). More
accurate estimates of the population numbers at the oldest old age groups in South Africa
assist policy makers and planners on the allocation of resources to these people.

The changes in population structure means that there is going to be a shift from
infectious diseases that are common in children to degenerative diseases that are common
in adults and the eldetly (Omtan, 2005). Knowing the aging patterns and mortality rates
helps to prepare for the resources to counter the health effects of aging.

The insurance industry is another beneficiary of such research. It would help them in
pricing annuities and life insurance premiums in relation to the pattern of old age mortality
(Himes, Preston and Condran, 1994).

In order to plan for the implications of aging highlighted above, there is the need to
know the numbers of the old age population and their dynamics (mortality patterns).
Sources of data of population numbers in general and the old age population numbers in
particular are cither censuses which may not be reliable and to some extent are not detailed,
or small scale surveys, which may not be generalized to the whole population. This research
uses indirect methods to re-estimate the oldest old age population numbers and the
mortality rates at these ages after first having re-estimated the population numbers to
remove various age errors. The results produced in this research can only be derived

because South Africa has a relatively complete vital registration system.
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1.5 Chapter outline

This research is organized in five chapters. The next chapter (2) gives a thorough review of
the literature behind old age mortality. This will be followed by chapter (3) on the methods
used to answer the research aims and objectives. The following chapter (4) presents the
results and analysis. Chapters 5 will then discuss the results, summarize the conclusions

reached and provide suggestions for further research.
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2 Literature Review

2.1 Introduction

This chapter reviews previous work on old age mortality in the context of what has been
done to improve the estimates and problems encountered in working with data at the
advanced ages. This gives a picture of how to improve the methods used in previous
research and areas that needs careful consideration. The method of extinct generations of
re-estimating the old age population using data on reported deaths alone is reviewed next.
The quality of the data on deaths used to estimate the population also needs to be assessed
and the literature on the assessment methods 1s discussed next. Following this is a review of
the death distribution methods. The review of these methods describes how data from two
successive censuses and the data on reported deaths over the period between the censuses
can be used to estimate completeness of the reporting of deaths and relative coverage of the

censuses.

2.2 Old age mortality estimates
Mortality rates at old age are generally difficult to estimate. The problems arise as a result of
irregular patterns in the data on reported deaths and the population at old age. The most
common data problems that have been documented are age overstatement, age digit
preference and under count of the population or under reporting of deaths (Wilmoth, 1995;
Jdanov, Jasilionis ef al, 2008). Other research observes that these problems in the
population data at old age generally biases mortality estimates downwards (Horiuchi and
Coale, 1982; Preston, Elo and Stewart, 1999). This is because there 1s a tendency by
individuals to overstate their ages and as a result increasing the number of people who
survive to old age. Due to these implications, the mortality estimates are usually aggregated
at high enough ages where the errors are assumed to be minimal and the errors in the
aggregated ages neatly cancel out to give better estimates of mortality (Horiuchi and Coale,
1982).

Taking South Africa in particular, and according to Dotrington, Moultrie and
Timaeus (2004:111), the national estimates of mortality in general, “... have always been fairly

approximate”. Part of the explanation is that reporting of deaths was very incomplete until

after 1994 (Anderson and Phillips, 2006). According to Anderson and Phillips (2000),



sufficiently complete data on registered deaths could be obtained as from 1997. They used
registered deaths and compare with those from Spectrum (United Nations, 2005) with
default (UNPD) assumptions to estimate the completeness of reporting of deaths. They
observed that the completeness of registration of deaths for the population aged 65 and
above over the period 1997 to 2004 was implausibly high. This finding is the reason why
Anderson and Phillips (2006) estimated mortality rates up to age 64 only. Other efforts
have been made to estimate mortality at high ages. Research that has estimated mortality
rates for the period under consideration include efforts by Dorrington, Moultrie and
Timaeus (2004) who used the 1996 and 2001 censuses to estimate the South African
mortality over the period between the two censuses and their life tables are aggregated at
age 90. Statistics South Africa (2008b) published death rates for the year 2006 and the rates
are aggregated at age 80. Death rates extending beyond age 90 can be inferred from the
USCB and UNPD population projections.

The following sections discuss methods that have been employed in trying to
produce better estimates of old age mortality and in the process re-estimating the

population numbers at these ages.

2.3 Extinct Generations Method

The method of extinct generations, first proposed by Vincent (1951), is used to estimate the
numbers of people at old ages from data on reported deaths alone. The method is based on
the fact that cumulating deaths of a given age cohort from a point in tme to its extinction
gives, if all deaths are reported accurately, the size of the cohort at that point in time. One
of the motivations for use of the method is that the death rates seem to be more accurate if
the errors present in the reported deaths (numerator) and the populations (denominator)
are of the same magnitude (Rosenwaike, 1981). The method of extinct generations can be
applied in countries where there are accurate statistics by age and which are closed to
migration at least at the advanced ages. The migration assumption has been accepted to
hold at old age because this group of people is less likely to be mobile. (Bourbeau and
Lebel, 2000; Mesle, Vallin and Andreyev, 2002; Gomes and Turra, 2009). The method is
usually applied to estimate the population aged 80 and above (Rosenwaike, 1968, 1979,
Thatcher, 1992; Bourbeau and Lebel, 2000; Gomes and Turra, 2009). If the census

enumeration is accurate, then any difference between the enumeration and the estimate
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derived from the deaths is due to unreported deaths or the inclusion/exclusion of migrants
(Rosenwaike, 1968).

The original derivation of the method of extinct generations required that the
cohort to be estimated become extinct for an estimate of the population to be derived.
While this is theoretically true, it is usually inconvenient to have to wait for the extinction
before being able to apply the method. As a result, assumptions are made in order to
estimate the small surviving population. This modification to the method is known as the
“almost extinct generations method” (Andreev, 2004; Jdanov, Scholz and Shkolnikov, 2005;
Jdanov, Jasilionis ef af, 2008). Thatcher, Kannisto and Andreev (2002) noted that even
Vincent and his assistant sometimes had to estimate future deaths at some of the younger
ages.

One of the approaches to estimating the surviving population is the use of survival
ratios (Rosenwaike, 1981; Jdanov, Scholz and Shkolnikov, 2005). The surviving population
1s then estimated by extrapolating the survival ratios observed for earlier cohorts to deaths
recorded to date. Thatcher, Kannisto and Andreev(2002) described methods for estimating
the surviving population and among them the survival rato method which works as

follows:

Let D(c,y) be the number of deaths in the cohort born in calendar year ¢ observed in the
calendar year y. Let S(c,¥) be the survivors in this cohort born in calendar year ¢ who
are alive at the end of calendar year y. The survivor ratio in this cohort at the end of

calendar year y is estimated using deaths in the last & years as follows:

S(c,y)

SR(c.y) =
) Dy + D(c,y~1)+ D(c,y—2)+ ..+ D,y —k+1)

Considering the cohort botn in calendar year, ¢ —1, one gets the following corresponding
equation

S(e-Ly-1)
D-1,y-D)+D(c-1L,y-2)+D(c-1,y-=3)+...+ D(c~1,y —k)

SR(c—1,y—1)=

In addition, the following identity holds
S(e=1,y-1)=S(c=1,)+ Dic—1,7)
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All the D(c,y)'s are known from reported data and if S(c—1,y) is known, it can be
substituted in the above equaton to estimate S(c—Ly—1). Once S(c—1,y-1) is
estimated, it is then used to estimate SR(c—1,y—1). Assuming that the cohort born in

calendar year ¢ has the same survival ratio as cohort born in calendar year ¢ —1, one gets,
SR(c—-1,y-1)=SR(c, y)
The above equation is then used to estimate S(c,y). The above derivation assumes that
mortality rates are not changing and allows for the changes in successive cohort sizes. Since
most countries have mmplemented policies that aim to reduce mortality, the above
assumption leads to under estimates of survivors by age in situatons where mortality in
those age groups is falling. As a result, the method derives over estimates of mortality rates.
In countries where reported annual deaths are given by age in completed years only
as opposed to the completed years and months or days, adjustments have been made in
order to estimate the population with a particular age at a particular point in time. The
adjustment is made because an individual can have two ages last birthday within a year. If
one considers an individual at the beginning of year y aged x last birthday, this would
generally mean the individual was born x years ago. At the beginning of year y again,
there are some individuals who were born x —1 years ago and who are still aged x last
birthday. Provided it can be assumed that birthdays occur uniformly over the calendar year,
half of the individuals at the beginning of any vear y who are aged x last birthday were
born x—1 years ago and the other half were born x years ago. By the same argument, the
deaths that are recorded at age x last birthday at death during say year y are an average of
the deaths to population at the beginning of yeary aged x and x+1 last birthday
(Rosenwatke, 1968; Jdanov, Jasilionis e a/, 2008). Given the deaths reported over a
calendar year at age x last birthday at death for a considerable period of time, the
population at the beginning of some year in the past can then be re-estimated by adding
averages of the deaths backwards (Rosenwaike, 1968; Mesle, Vallin and Andreyev, 2002;
Jdanov, Jasilionis e/ al, 2008). An application of the method by Rosenwaike (1968)
estimated the US population at the beginning of 1951 aged 85 and above. The population

at the beginning of year y aged x last birthday P(X,y) can be estimated as follows:
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P(x,y)= %[D(x, )+ D(x+1,)] +%[D(x+ Ly+1)+D(x+2,y+D]+..where D(x,y)

are the reported deaths at age x last birthday throughout year y (Rosenwaike, 1968,

Thatcher, 1992).

2.4 Data quality assessment
The method of extinct generations is built on the assumption that the impact of age
misstatement (age exaggeration and age heaping) in data on reported deaths is less than that
on the enumerated population, thus we need to assess the quality of reported deaths data.
Methods have been derived to assess the quality of reported data on deaths and the major
sources of bias are age overstatement at death, age heaping or digit preference and under
reporting of deaths. Part of the reason for age overstatement could be that the individual
was born before a proper registration system was in place and a higher age is estimated at
some later date or due to age exaggeration common in old people when reporting age as
opposed to date of birth (Thatcher, 1992). Age heaping arises as a result of people
preferring certain ages or years of birth. The data will then show many people in that
particular preferred age and a decrease in the number of people in the adjacent ages. Under
reporting of deaths is either a result of people not reporting the deaths of their deceased
relatives and some deaths may still not have been reported at the time of processing of the
vital registration statistics. This section discusses methods for assessing age heaping and age
exaggeration in reported deaths and the population data. Under reporting of deaths will be
discussed in methods which adjusts for this in sections to follow.

Age overstatement of deaths is assessed by a comparison of ratios of the ratios of
deaths arising from the population in question with those from a suitable standard

population that has a similar mortality pattern. Jdanov, Jasilionis, Soroko e a/. (2008) used
the ratios, Dy, / D,go, and D,,,, / D,os, where D, is the sum of deaths to people aged x

and above occurring over a particular year. In the application of these ratios of deaths, the
authors compared the ratios with those derived from their chosen ‘standard’, Sweden, and
classified them into quality groups according to the average values of clusters of the

countries they were analyzing.
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The Whipple’s Index of age accuracy 1s used to measure the degree of age heaping
in a population. The Whipple’s Index used to assess the general degree of age heaping at

ages ending in 0 or 5 in a population is calculated as follows (United Nations, 1955):

60
:E: AJXJ

Wl =222 %5%100, where N

T 62
2N
x=23

The assumption behind the above formula is that the population has an equal number of

, 1s the population aged x last birthday at time 7.

people in each age group. The standard criteria in Table 2.1 below for measuring age
heaping is recommended by the United Nations (Y1 and Vaupel, 2003:234). The ‘standard’
in Table 2.1 is some chosen suitable population that has similar mortality to the population
under study and with accurate data by age.

Table 2.1 Whipple’s Index grading system recommended by the United Nations

Whipple's Index Quality of data Per cent deviation from standard

<105 Very accurate <5
105-110 Relatively accurate 5-9.99
110-125 OK 10-24.9
125-175 Poor 25-74.99
>175 Very poor >=75

Demographers who are interested in the study of old age mortality have modified
the original Whipple’s Index to assess the data quality at old age. Willcox, Willcox, He ez 4/
(2008) modified the index to be the sum of numbers at ages 95, 100 and 105 divided by the
total number of the population between ages 93 and 107 years and compared this with that
from the standard population. Y1 and Vaupel (2003) in their study of the oldest old
mortality of the Chinese population modified the index to be the sum of numbers at ages
65,70, 75, ... and up to age 95 divided by the total number of the population between ages
63 and 97 years and compared this with the same index from the standard population. In
each case, the method 1s modified to accommodate the data being analyzed and to make
conclusions relative to a chosen standard populaton. Most research carried out in
developed countries on this topic has considered Sweden as the ‘standard’ because of its
reliable demographic data.

In order to explain the method used to assess age heaping at death, some technical

terms are reviewed first. If one considers a population aged between x and x+n over a
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time petiod ranging from 0 to T, the period age specific death rate, | M can be defined as

the number of deaths in the age range x to x+# in the time interval divided by the
number of person-years lived in the same age range over the time interval (Preston,

Heuveline and Gullot, 2001). Both the numerator and denominator are exact yeats
including fractional years. When summarized in a life table, | M can be substituted by a
lower case notation ,m . Preston, Heuveline and Gullot (2001) derived a formula that
converts the observed age-specific death rates into age specific probabilities of dying, ¢,

by the following relationship:

n.,.m.

s = 1+ (n—,a,), m,

where ,a_ is the average number of person-years lived in the interval by the number
of people dying in the interval and the people dying are in the cohort aged between x and
x+n.

To estimate ,a, we assume that deaths occur on average, halfway through the age
interval and this means that ,a_=n/2. Assuming ,a_ for single years, the above equation
for , g, becomes;

m

X

1 0.5m.

Although /

number of people alive at age x+ 7 in any calendar year) is not particularl
X+t peop g Y Y p y

linear with respect to f at the older ages the approximation for ,a may be considered
reasonable since we are working in single ages and considering the rato g /g, and thus
the impact of any errors will be minimal.

There ought to be a higher probability of dying at age x +1 (g,,,) than at age x (q_)
and especially at the advanced ages. A ratio of the probabilities of dying, g, /q,,, , greater

than one signals data problems at age x or age X +1. This means that either there are more
deaths reported at age x than the actual number of people dying at this age or thete are

fewer deaths reported at age x+1. Kannisto (1988) used the ratio g,y / )4, to measure age

heaping of deaths at age 100 and a value of the ratio that is greater than one by more than

random fluctuation is considered a sign of age heaping at age 100. Jdanov, Jasilionis,
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Soroko ef al. (2008) used the same method to identify signs of age preference at death at age
80 and used the ratio g, /qg,. A ratio less than 1.05 is considered to indicate good or

acceptable quality, a ratio between 1.05 and 1.19 is considered to show moderate age
heaping at death and a ratio greater or equal to 1.20 is considered a sign of significant age

heaping at death (Jdanov, Jasilionis ez 2/, 2008).

2.5 Death distribution methods
It has been observed that not all people in a population are enumerated during a census and
a certain proportion of deaths experienced by the population are also not reported.
Methods have been created to estimate this under enumeration in population numbers and
under reporting of deaths, relative to one another, in order to estimate mortality rates. The
Generalized Growth Balance (GGB) method proposed by Hill (1987) and the Synthetic
Extinct Generatons (SEG) method (Bennett and Horiuchi, 1981, 1984) are two methods
used to estimate the completeness of the reporting of deaths.

The GGB and SEG methods both assume that; the population is closed to
migration, coverage of the censuses and the completeness of reporting of deaths are

constant with age, and that the ages of population and deaths are accurately reported.

251 Generalized Growth Balance Method (GGB)

Brass (1975) developed a method for estimating completeness of death reporting relative to
the coverage of enumeration of a census which is known as the Brass growth balance
method. The method makes use of the demographic balance equation for a stable and
closed population at or at and above any age. Completeness of death reporting is assumed
to be constant at all ages above early childhood. The method assumes that coverage of
census enumeration is constant for all ages. Hill (1987) generalized Brass’ method for non-
stable populations and the new method is known as the generalized growth balance
method. In addition to estimating the completeness of death reporting, the generalized
growth balance method estimates relative coverage of two successive censuses.

The demographic balance equation for a closed population is stated as follows:
P,=F+B-D
where: B is population at time 1

P, is population at time 2
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B denotes births during the period
D denotes deaths during the period
The equation can also be applied over any age range and rewritten as (Hill, 1987);
P(x4) = B (x#)+ N(x) ~ D(x+)
where: N(x) is the population teaching exact age x during the period.
B (x+) and P,(x+) are the population aged x and above at the beginning and end
of the period respectively
D(x+) are deaths during the petiod of the population aged x and above.
Rewritng the above equation gives
N(x) =[P (x+) = A (xH)]= D(x+).
Dividing by the true population reaching exact age x and above, N(x+), during the
intercensal period yields

N(x) () = D(x+) 3
N(x+) N(x+)

-=)

where r(x+) is the growth rate for the population aged x and above.

The death rate for the population aged x and above is directly represented by the
right hand side of equation (1) above. If deaths are under reported, the right hand side will
be lower than the left hand side provided that the population is accurately reported.
Therefore, the death rate can be estimated indirectly using the left hand side of the above
equation.

If coverage of the enumeration of the first and second censuses are k, and &,

respectively, and k, denotes the completeness of death reporting, then the true values of

B(x+), P(x+) and D(x+) can be expressed as a function of the observed quantities
denoted by superscript o, as follows (Hill, 1987; United Nations, 2002):

P(x#) = B (x4) |, —=—2(a)

P (x+)=P (x+)/k, ——=2(b)

D(x+)=D°(x+)/k, ——=2(c)

For an intercensal period equal to f years:

P,(xt)
A(x+)

r(x+) = 1ln by definition
t

22



Substituting 2(a) and 2(b) into the above equation gives
1. &
r(x+)=-In—+r°(x+)
t k
where r°(x+) is the growth rate derived from the observed population numbers.

The population aged x and above during the period can be estimated by the
geometric mean of the population aged x and above in the two censuses multiplied by the

intercensal period as follows:
N(x+) =t *[R(x+)* B (x+)]"
Substituting 2(a) and 2(b) into the above equation gives

1

N = o)™

*N?(x+)

where N°(x+) is the population aged x and above derived from the observed
population numbers.
N(x) from equation (1) can be estimated using the following approximation

(United Nations, 2002):
t
N(x) = g[P] (x=55)P,(x,5)]".

The approximation is an interpolation between the population aged x—5 at the first census
(B(x~5,5)), who can be assumed to reach exact age x after the first census, and the

population aged x at the second census (P, (x,5)), who can be assumed to have turned x
prior to the second census. The estimate is then multiplied by the number of five-year
intervals in the intercensal period in which these individuals could have turned x.
Substituting 2(a) and 2(b)into the above equation gives

1

O G

*N?(x)

where N°(x)are the births into age x estimated from the enumerated censuses.
D(x+) are the deaths to population aged x and above during the intercensal period
and are adjusted for completeness as illustrated by equation 2(c).

Substituting the derived and adjusted quantities into equation (1) and rearranging yields:
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N
N°?(x+)

b (ki )*’ D’ (x+)
k, k, N°(x+)

r’(x+)= ; In

This new equation is a straight line equation. One problem is to obtain the three
unknown estimates of completeness simultaneously from the intercept and the slope. Since

we are only interested in the completeness of deaths relative to the coverage of the
censuses, we set, atbitrarily, the larger of k; and k, to be one and the other remaining

quantities are estimated relative to this. Defining the pairs of independent and dependent

variables as x and y respectively, we can fit a straight line for each age to get the estimates

of relative completeness. The line could be fitted using one of several techniques of fitting a
robust line such as the method by the United Nations (2002).

Hill and Choi (2004) investigated how well the GGB method performs when the
assumptions upon which the method is based are violated. In their research, they simulated
a population whose mortality 1s similar to that of the West model life table (Level 15) and
imposed a combination of errors on the simulated data. The errors applied in various
combinations include age misreporting in both the population and deaths, differential in
death and population coverage by age, decline in census coverage over time, omission of
deaths and assuming that there is migration. It was observed that the GGB method is
sensitive to, among other things, age misreporting and differential coverage of the census
by age. Age exaggeration in the enumerated population and teported deaths leads to an over

estimate of the reporting of deaths. Differential coverage by age distorts the estimates of
census coverage and death reporting completeness. The estimates of &, and k, are no

longer constant with age and as a result both the intercept and gradient vary for different

sets of ages. The overall effect is over estimation of the completeness of reporting of

deaths.

2.5.2  Synthetic Extinct Generations Method (SEG)

Bennett and Horiuchi (1981) developed a method of estimating completeness of death
registration for a non-stable population. Their method is an extension of the method by
Preston, Coale, Trussell ez 4/ (1980) which estimated completeness of death registration for
a stable population. The method simply estimates the population by age from the number
of deaths by age. Completeness is then estimated by the ratio of the estimated population to

the enumerated population.
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The method was derived based on the method of extinct generations proposed by
Vincent (1951), as discussed previously, which uses deaths alone to re-estimate the
population size at some point in time. This relationship can be expressed mathematically as

follows:

w—a-l|
N(a,ty= D D(a+k,t+k)
k=0
where N(a,t) represents the size of the cohort aged a at some point in time 7 in
the past and D(a+k,t+k) are the deaths observed in that cohort from age a up to the

last age w, in which the last member of the cohort dies.

However, in order to apply Vincent’s suggestion one needs to wait until the cohort
1s extinct (which could be many years into the future). Thus Preston, Coale, Trussell ef a/.
(1980) pointed out that if it can be assumed that the population was stable, then the

population at time # can be estimated as follows:
N(a,)= [D(x,0yexp( [r(z,0)0d )de - = = (3)

where D(x,1)is the actual number of deaths experienced by people aged xin the
cohort in question over time and 7 is the population growth rate of the population aged z .

D(x,1)exp( J-r(z, 1)dz) estimates the number of deaths from the population aged a at time

a
t who will die at age x attime #+x—a. The above equation is a period representation of
Vincent’s method of extinct generations. The time vadable f in equaton (3) may be

dropped on the assumption that growth rate is constant at any time f and the equation

simplified to:
N(a) = j D(x)e" " dx,

If completeness of death reporting at age a and above is a constant proportion, k , and the

observed deaths in the cohort in question are denoted by a subscript 0, one gets,
D(x)=D’(x)/k forall ages x greater or equal to age a.

By substituting the above equation into the stable population equation above, one gets,
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E
N(a)=— |D’(x)e"““dx

(@)= j )
If one can define an estimate of N(a) as:

Nza) = ID" (x)e" " dx

Completeness of death reporting is then estimated as N(a)/ N(a).

In order to compute N(a), Bennett and Horiuchi (1981) derived the estimate as follows:

Taking equation (3)and dropping 7, one gets,
N(a)= [ D(x)exp( j r(z)dz)dx

= { TD(x) exp| ]r(z)dz]a’x} * exp[aT r(z)dz]+ aTD(x) exp[—]‘r(z)dz]dr

a+n at+n a

= N(a+n) exp[a]"r(z)dz] + j D(x) exp[.]‘r(z)dz]dx

a

a+n

If r(u)=,r,where a<u<a+nand, D, = ID(x)dx, then

N(a) = N(a+n)exp[n. r ]+ aTD(x) exp[(x —a)., r,]dx

= N(a+n)expln.,r,1+,D,exp[y.,7,]
since there exists a y wherea < y < x, such that

a+n a+n

J‘D(x) exp[(x —a)., r,Jdx=exply.,7,] jD(x)dx

For n =3, and having that y = 2.5 and r(u)=,r, where a<u <a+5 and hence

N(a)= N(a+5)exp[5.;r, 1+sD, exp[2.5.,7r,]
It Iil(a +5) is an estimate of the population aged x+5 and 7, can be computed, then

N(a) = N(a+5)exp[5.,7, D, exp[2.5.s7,]-—— (4)

where (D, is the number of deaths occurring in the age group a to a+35.
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In order to estimate N(x)for all age groups recursively, we need N(x) for the last

age group, which Bennett and Horiuchi (1981) estimated as follows:

N(a) = D (a+)[exp(r(a+)e(a)) - (r(a+)e(a))’ /6] === (5),
where r(a+) is the growth rate in the open interval and e(a) is life expectancy at
the beginning of the open interval (presumed to be available from elsewhere, such as from

estimates of mortality produced at some eatlier time point). Thus if #(a+) and e(a) are

known, N(a) for the open interval can be estimated and the other N(x)'s can be
estimated recursively using equation (4) stated previously. The use of age specific growth
rates accommodates the differential in growth rates within a population by age.

If the growth rate, r,, is estimated from two successive censuses, it may be

distorted by the differential enumeration between the two censuses. If the first census was
under enumerated relative to the second census, the age specific growth rates will be biased
upwards and vice versa if the second census was under enumerated relative to the first

census. If the proportional differences in census coverage do not vary with age,
In(k, /k,)/t can be used to adjust the age specific growth rates, where k; and k, are the

estimates of completeness of the first and second census respectively, and 7, is the length of

time between the censuses (Bennett and Horiuchi, 1981). The adjusted age specific growth

.
rates ;r, becomes,

;7. =r, +8 where 0 =In(k, /k;)/t as defined above.

This research will refer to this method as the SEG+delta method since it is different
from the common application of the SEG method which does not adjust for differential
coverage by age between censuses.

The method was applied by Bennett and Hortuchi (1981) to data on the Swedish
male population and they reproduced almost the same population numbers by age from the
number of deaths by age. Application of the method by the same authors to Korean female
population yielded an tmproved estimate of completeness from that produced by the
Preston, Coale, Trussell ef 2/ (1980) method. The use of age specific growth rates produced
a smoother set of estimates of the completeness of reporting of deaths compated to that

produced assuming stability of the population.
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Hill and Chot (2004) investigated how well the SEG method performs when the
assumptons upon which the method is based are violated. It was observed that the method
performs perfectly in the absence of data errors. Age exaggeration in both the population
numbers and the reported deaths leads to an over estimate of the completeness of the
reporting of deaths. They concluded that differential coverage by age over time leads to an
over estimate of death reporting completeness but they applied the method without
adjusting for this differential completeness (the addition of delta). Dorrington and Timaeus
(2008) challenged the conclusions reached by Hill and Choi (2004) and showed that the
method with the correction suggested by Bennett and Horiuchi (1981) on the same scenatio

performs well in the presence of differential coverage by age between two censuses.

2.6 Mortality Estimation

After estimating the relative completeness between successive censuses, the observed
population numbers are then adjusted accordingly to get consistent estimates of the
population at the two time points. As defined previously that F(x,5) and P,(x,5) are the
adjusted populations aged between x and x+35 at the first and second censuses
respectively, the number of person-years lived between age x and x+n during the

intercensal period (¢), PYL(x,5), is estimated, assuming that the population is changing

linearly over the intercensal period, as follows, PYL(x,5)=[P,(x,5)P,(x,5)]"° (United
Nations, 2002).

The deaths aged between x and x +5 are adjusted for incompleteness and can be
s

denoted by D(x,5). The death rate in the age range x to x+n for the period, ,m

then calculated as the sum of all adjusted deaths in that age range occurring over the
intercensal period divided by the number of person years lived during the intercensal period

in the same age range.
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3 Methodology

3.1 Background on data

This current research uses data from two censuses that were carried out in South Africa in
1996 and 2001, both with the night of 9-10 October as reference date. In 2007, another
nationally representative large scale household survey, the Community Survey, was carried
out in February 2007. The survey had no reference date and for purposes of this research, it
will be assumed to be the night of 14-15 February 2007.

In both the censuses and survey questionnaires, there were fields where an
individual was supposed to provide his or her date of birth and age in completed years. In
cases where the age and date of birth were inconsistent, the date of birth was preferred and
used to calculate the age. When neither the age nor the dates of birth were given, the
enumerators had to estimate the age as accurately as possible. The age in single years was
accepted only up to 120 years.

Death registration in South Africa is done by the Department of Home Affairs
(DHA) (Statistics South Africa, 2008b). After a death is registered, a death certificate is
issued. The DHA then creates a death notification form that is eventually sent to Statistics
South Africa (Stats SA) for processing. The death notification form has information on the
date of death, date of birth and age at last birthday.

The death notification forms from the respective provinces are sometimes delayed
in reaching the DHA and hence are not processed by Statistics South Africa as quickly as
might be desired. This research used reported deaths obtained from Statistics South Africa
and therefore there is the chance that some deaths may not have been included in this
research as the death notification forms were still outstanding.

The data on deaths obtained from Statistics South Africa are given by sex and single
ages for each calendar year of death from 1997 to 2006. As publicly available data aggregate
data at advanced ages, details of deaths at individual ages were provided by Stats SA on
special request. Recorded deaths for the year 1996 were obtained from Statistics South
Africa (2001).

There are deaths with unspecified sex for particular ages within a year and these were

propottionally reallocated to the male and female deaths in that age group. Deaths with



unspecified age for each sex are ignored since they will be adjusted for using death
distribution methods.

The current research also uses mid-year population estimates of the South African
population that wete published by the UN Population Division (United Nations, 2007) and
the US Census Bureau (US Census Bureau, 2005). Both use the cohort component
projection method which tracks a group of people and exposes them to assumed age -
specific fertility, and age and sex-specific mortality and migration rates to get an estimate of
the population in future.

In applying the cohort component projection method, the UN Population Division
assumes that total fertility will converge to a level of around 1.85 children per woman by
the period 2045-2050. It is also assumed that fertility will follow a path derived from models
of ferdlity decline established by the UN Population Division based on past experience.
The projected ferdlity trends are then compared with recent trends of fertlity derived using
recently available data and adjusted accordingly for consistency. The age specific fertility
rates are derived as a function of total fertlity rate by interpolation. The mortality pattern
tor South Africa is projected on the basis of the UN East Asia model life table and the
changes in life expectancy of the population. The mortality patterns of the model life table
are also adjusted to include the impact of HIV/AIDS and the adjustments are based on
recently available census/survey data. Future trends of the epidemic are projected yearly
and ensure that the trends are also consistent with recent population data.

The USCB projects future mortality patterns by fitting a logistic curve on the
estimates of life expectancy at birth ignoring the impact of HIV/AIDS and ensuring that
the projected curve yields an acceptable projected level of the South African data. After
assumptions about future level of life expectancy are made, age patterns of mortality are
then developed using an iterative interpolation process. The age patterns of mortality are
adjusted to incorporate the future patterns of HIV/AIDS. Future patterns of fertility are
projected by fitting a logistic curve and ensure that the fitted curve is consistent with recent
data from surveys.

Both the UN Population Division and the US Census Bureau use international
migration to improve the consistency between the projected population and the most
recently available census/survey data. International net migration is usually low and the

estimation of international migration is speculative compared to that of fertility and
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mortality. The base population in each case is derived from either census data or reliable

mid-year population estimates.

3.2 Data Exploration

The first investigation was to determine the cut-off age above which the deviation between
the population count and the numbers estimated from the deaths might be expected to be
significant.

Census data by sex and single years for the years 1996 and 2001, and the
Community Survey data for 2007 were downloaded from the Statistics South Africa website
(Statistics South Africa, 2009). For both the 1996 and 2001 censuses, the Community
profile descriptive data weighted by ‘person weight’ were downloaded.

Estimates of the population at each of the censuses and survey dates were
interpolated from each of the midyear estimates by the US Census Bureau (US Census
Bureau, 2005), UN Population Division (United Nations, 2007) and a demographic
projection model (ASSA2003lite) produced by the Actuarial Society of South Africa
(Actuarial Society of South Africa, 2005). The US Census Bureau (USCB) and the UN
Population Division (UNPD) estimates are online databases. The USCB and ASSA provide
annual estimates whereas the UNPD estimates are five-yeatly.

The population count at each of the censuses and the Community Survey dates in
quinqennial age groups up to age 100 and above are divided by the corresponding expected
numbers from each of USCB, UNPD and ASSA estimates to determine the pattern of
deviation. As expected, if the counted populaton numbers are matching the estimated
population numbers, their ratios must be one or very close to one. The cut-off age was
determined by inspection of the ratios and a decision made to choose the age where the
excess of the enumerated population start to increase significantly by age relative to all three

estimates.

3.3 Extinct generations method
After the cut-off age was determined, the method of extinct generations was then applied to
estimate this population as at the 1996 and 2001 censuses. Recapping from Chapter 2 and

letting D(x, y) be the reported deaths to population aged x last birthday at death in year

31



¥, one can then estimate the population at the beginning of year y aged xlast birthday,

P(x,y) as follows:

P(x,y)= %[D(x,y) + D(x+1,y)] +%[D(x +Ly+D+D(x+2,y+1)]+...

The above formula assumes that deaths are uniformly distributed in the calendar year of

death and birthdays are independently and uniformly distributed over the calendar year.
Estimates of the population are required at a time that is not at the beginning of the

census year and the above derivation has to be adjusted to estimate the population at the

census date. If one considers the population at the census date aged x last birthday and the

census is at a ime equal to [ before the end of year y, one needs to adjust the above

formula so that one can estimate this population using only deaths to the population aged

x last birthday at death from time 1— f onwards. There is a need to adjust the above

formula to include deaths that might have occurred at age x last birthday after the census

date during year y but were aged x —1 last birthday at some point during the same census
year y and then weight by the proportion of time to the census date.

In adjusting, each component to the right hand side of the above equation will

include deaths to population aged x+i—1 in year y +i and the deaths to this population
can only occur at age x +7 last birthday from point 1 — f onwards in year y+i if they
turned x+1 in the interval of time (0,1 - f). By the same argument, the population aged
x+1i+1 last birthday in year y+7 can only die at age x +i last birthday in year y+1i in

the interval of time (1 — f,1). After allowing for this, the above formula becomes;
1
P/ (x,y) = f*z*{(l—f)*[D(x—l,y)+D(x,y)]+f*[D(x,y)+D(x+1,y)]}+
%*{(l—f)*[D(x,yﬁ—l)-#D(x+1,y+1)]+
S*D(x+Ly+D+D(x+2,y+D]}+....

where, P/ (x,) is the population at some point in time which is f before the end

of year y aged x last birthday. This can be simplified to
1
P/ (x,y)= S5 A=) D=L y)+ D(x, y) + /* Dx +1, )} +

%*{(1—f)*D(x,y+l)+D(x+1,y+1)+f*D(x+2,y+1)}+...
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In this research, f is the time between the census date and the end of the census year, and
is equal to 0.227 for the two censuses.

In addition, we need to estimate the number of deaths by age beyond year 2006 so
that all the deaths for a particular cohort until its extinction are available. It is assumed that
the proportion of deaths within an age cohort by age, say age x in year y, to the observed
deaths in the last, say Syears, in that cohort is the same as the corresponding proportion of
deaths in age cohort aged x in year y+1. The 5 years have been chosen arbitrarily and if
one can compute the observed death ratio of a cohort aged x in year y, one can then use
this ratio to extrapolate the unknown deaths in the younger and adjacent cohort which will
be aged x inyear y+1.

The death ratio derived using deaths in the last five years at age x, DR, was

computed as follows:

DR = D(x,y)
Y D(x-1Ly-D)+D(x=-2,y-2)+D(x—=3,y-3)+D(x—-4,y—-4)+ D(x-5,y-5)

The unknown deaths, D (x,y+1) , expected in the year, following year y for the same
age x are then estimated as:

D'(x,y+1)=DRx*[D(x—l,y)+D(x~2,y~1)+D(x—3,y—2)+D(x—4,y—3)+
D(x-35,y—-4)]

For example, to estimate the number of deaths at age 86 in year 2007, D(86,2007), one

need first to estimate the death ratio as follows:

R0 _ D(86,2006)
% T D(85,2005) + D(84,2004) + D(83,2003) + D(82,2002) + D(81,2001)

The deaths occurring at age 86 in year 2007 are then estimated as
D(86,2007) = DRy, *[D(85,2006) + D(84,2005) + D(83,2004) + D(82,2003) +
D(81,2002)]

The extrapolation of deaths is done until the estimate of deaths at age 110 and
above for each cohort is obtained. The age 110 is chosen on the assumption that few
people survive beyond 110 and deaths occurring after age 110 are aggregated at this age
(Rosenwaike, 1968, 1979; Jdanov, Jasilionis e a/., 2008). Once the unknown deaths in the

years beyond 2006 for each age cohort aged 75 and above at the 1996 census are estimated,
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the population aged 75 and above by single ages as at the 1996 census date can then be
estimated. This procedure is repeated to estimate the population aged 75 and above at the
2001 census.

However, these numbers can be expected to underestimate the population since the
reported deaths used to estimate the numbers are incompletely reported, and so they need
to be adjusted. The ratio of the estimated to the enumerated population aged 75 and above
was assumed to estimate the completeness of reporting of deaths and on the assumption

that completeness of registration was the same for each age, the ratio was used to adjust the

other age groups. Thus let P(75+) be the esumate of the population aged 75 and above,

and P(75+) be the enumerated population aged 75 and above, the adjustment factor (k) is

then estimated as follows:

= P(75+)
P(75+)
The estimate of the population aged x last birthday after adjusting for under reporting,

A

Py (x), as at the date of the census is now estimated as follows:

A
N A

Pag(x) 2? , where P(x), is the initial estimate of the population aged x which is not
adjusted for completeness. These adjusted estimates of the population are then compared
with the enumerated population.

The population aged 75 and above at the 2007 survey is estimated differently since
there are no deaths to which the method of extinct generations could be applied. After
obtaining adjusted estimates of the population at each of the 1996 and 2001 censuses, five

year survival ratios are computed as follows:

P (x+52001)

adj

5™x A
Pagi (x,1996)
where Pagi(x,y) is the estimate of the population at the census date in year y

aged x last birthday and x ranges from 70 to 100 and above.
Applying these survival ratios to the estimates of the 2001 census gives us estimates

of the populadon aged 75 and above on the night of 9-10 October 2006. This is the
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estimate of the population expected if a census was carried out exactly after five years from
the 2001 census date and the population experiencing the same survival ratios estimated
between the 1996 and 2001 census estimates.

Estimates of the population at the date of the Community Survey in 2007 ate then
obtained by extrapolating estimates of the population on the night of 9-10 October 2006
using the growth rates for ages 75 to 100 and above between the 2001 census estimates and
the 2006 estimates. The estimates of the population aged 75 and above at the survey date

can then be compared with the enumerated population numbers.

3.4 The Synthetic Extinct Generations and Generalized Growth Balance
methods

The GGB and SEG+delta methods are applied to explore the patterns of completeness of
the reported deaths and the relative completeness between the censuses and the survey for
the ages 15 to 100 and above. To apply both the GGB and SEG+delta methods for the
period between the 2001 census and the 2007 survey, deaths that occurred over the period
between the beginning of 2007 and the survey date (night of 14-15 February 2007) have to
be estimated. They are esumated by averaging deaths over the five year period from 2002 to
2006 and multiplying by 0.125 (the proportion of time of a year from the beginning of
January to the middle of February in 2007).

A robust straight line fitting technique recommended by the United Nations (2002)
was used in the application of the GGB method. The pairs of points (x, y) are first plotted
and used to identify outlying points which will be excluded from the calculations of the
slope and the intercept. The method then divides the remaining data into three groups
according to the x values: lower third, middle third and upper third. The median of the

pairs of points in the lower third (x,, y,) and the median of the pairs of points in the upper

third (x,,y,) ate used to estimate the slope of the line that passes through these median

points. An intercept for each point 1s then calculated using the estimated slope and the
intercept of the line is then estimated as the median of these intercept values (United
Nations, 2002).

The SEG+delta method requires life expectancy at the age of the open age interval in
order to estimate the populations at younger ages recursively from deaths. In order to

estimate the life expectancy, the GGB method is first applied to adjust for relative coverage
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of two censuses and completeness of reporting of deaths. Death rates over the interval of
time can then be estimated and used to compute life expectancy. This research makes use
of an idea from Dorrington and Timaeus (2008) of using the average of the life expectancy
from the West family of the regional model life tables (Coale, Demeny and Vaughan, 1983),
corresponding to the m,, 27, and g, estimated from the population. The mortality
estimates used to estimate life expectancy in this way are derived from the population data
after adjusting for completeness using the GGB method. The values are obtained by
interpolation and the averaging based on old age mortality 1s done to avoid estimating life
expectancy using measures that are affected by HIV/AIDS.

In applying the SEG+delta method, the median of the ratios of the estimated

population to the observed population (]:/(x)/N(x)) is used to estimate completeness of
death reporting assuming that the completeness of death reporting relative to census
coverage is constant at all ages. The ratios used exclude the young age groups (0 to 15 years)
since it 1s assumed that the extent of their coverage is different from the rest of the
population and the age of the open interval is 100. In order to estimate completeness that is
constant for all ages, the 0 (delta) defined previously is adjusted until a flat sequence of the
ratios is obtained.

The population aged 75 and above is replaced by the estimates from the method of
extinct generations. The GGB and SEG+delta methods are again applied to this adjusted

population and the changes in interpretation and any improvements in distortions noted.
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3.5 Data quality

Before getting into the detail of the methods applied to assess the quality of the data used in
this research, it is helpful to reflect on the general quality of the South African data. Both
the 1996 and 2001 censuses under-counted the national population and the published
population numbers were obtained by adjusting each of the census enumeration using data
from post enumeration surveys. The under count of the national population was 10.7 per
cent (Statistics South Aftica, 1998) and 17.6 per cent (Statistics South Africa, 2004), in the
1996 and 2001 censuses respectively. The 2007 survey did not enumerate the total national
population and therefore the realized sample was adjusted to get the national population in
such a way that the data are consistent both internally and with other censuses/surveys
(Statistics South Africa, 2008a).

The registration of vital statistics in South Africa, as in most other African
countries, 1s far from complete. Statistics show that the undet-registration of deaths is
common in rural areas and among children, but data collected in recent periods suggest that
there has been an improvement in the completeness of registration of deaths (Statistics
South Africa, 2008b). In addition, the data are also missing detail in some cases on variables

such as population group, age last birthday at death and sex of the deceased.

3.5.1 Age heaping at death
Age heaping in the reported deaths is assessed using ratios of the probabilities of dying. The

research uses the ratio q /g ,, and a ratio greater than one is a sign of age digit preference

at death at age x for x ranging from 75 to 98. The choice of age 98 is a result of the fact
that probabilities of death for the open interval age (age 100) cannot be used to derive these
ratios and the maximum age of the denominator is 99. Given the age at death, the average
year of birth can be estimated by deducting the age from the census year. For this measure,
the research assesses age heaping at death for the census years only. Age heaping as a result
of preferring certain years of birth are assessed using these ratios of probability of dying as
well. A ratio greater than one at age X is assessed to decide whether there is a pattern of
preferring the terminal digit of that age or the heaping is generally observed within a cohort
over time because of the preference of year of birth.

In order to estimate ¢, it is assumed that the estimated population at each of the

census dates at the 1996 and the 2001 censuses do not differ much from the estimates as at
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the middle of the respective years. There 1s a difference of slightly more than three months
between the middle of each census year and the census date, and even for a population
growing at an average rate of say 3 per cent per annum, the difference in population
numbers between points in time three months apart will be less than one per cent. The

deaths reported aged x last birthday at death over a year divided by the mid year estimates
of the population gives the central death rate, m_, for the population at the middle of the
year aged x last birthday. It is assumed that for individuals who die within an age group,
they survived half of the time in the interval of the age group and so ¢, is estimated as
follows:

m

X

=1 05m,

The assumption that deaths occur half way through the interval at old age may be

considered reasonable since the research is working in single ages and considering the ratio

q./q..,, the impact of any errors will be minimal.

3.52 Age heaping at enumeration

After observing the ages and years of birth at which the reported deaths are heaped,
another independent assessment of the presence of age and birth year preference is done on
the census/survey population numbers. The Whipple’s Index of age accuracy discussed in
Chapter 2 is modified to assess age heaping at the old ages only.

Age heaping which occurs as a result of age digit preference is assessed at ages
which are multiples of 5, that is those ages ending with a 0 or 5. Since the research is more
concerned with the quality of data of the old age population, the indices are derived for ages
between 73 and 87 inclusive and this would mean that the old age population is defined
from age 70 and above. Age 87 was chosen as the upper limit since data by single ages from
the standard population that will be used for comparison is limited to age 89. The age
groups being considered are no longer rectangular, but more pyramidal in structure and the
research uses the criteria in the last column of Table 2.1 in Chapter 2 to identfy age
heaping.

Following the above discussion, the standard Whipple’s Index 1s then modified as

follows:
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85
2N

WI =252 %5%100

87
LN

x=73

where N _, is the population aged x last birthday at time ¢.

xt

The year of birth heaping is assessed at years where the population in the age
groups between age 70 and 89 could have been born. The research simply subtracted the
age last birthday at census date from the census year to estimate the average year of birth.
An example 1s that of people at the census date in 1996 aged 76 last birthday and these are
assumed to have been born mostly in 1920 (1996 - 76). The 2007 survey data was handled
slightly differently since the survey was carried out in February which is around the
beginning of the year and hence the population was mostly born a year eatlier than the
difference suggests.

The Whipple’s Index is modified to assess year of birth heaping at years where the
population could most probably have made reference especially in periods of mass
registration and the years assessed are 1910, 1920 and 1930. These are the years with
terminal digit zero which could be easy to remember or given as the year of birth. The
Index used to assess the 1996 census data for year of birth digit prefetrence for a year with a

terminal digit O is calculated as follows:

1920

Z Ny,l996

Wl =220 x10%100

1926

Z N_v.]996

¥=1907
where N g is the population born in year yand enumerated at the 1996 census.

People could have found it easier to remember the beginning and the end of World
War I and make reference of their birth year to this period. The research investigated this
by assessing year of birth preference at years 1914 and 1918. The Index used to assess the

1996 census data for year of birth preference at the year 1914 was calculated as follows:

W]:_N‘_‘”L”L*3*1OO

1915

Z N, 1096

v=1913
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where N 406 1s the population born in year y and enumerated at the 1996 census.

The 3 years in the above equation are chosen instead of 5 or 10 so as to avoid the large
variation in population numbers by age at old age which leads to the violation of the
assumpton of rectangularity.

The Index used to assess the 1996 census data for year of birth preference at the

year 1918 is calculated as follows:

WI:M*?}*IOO

1919

Z Ny,1996

y=1917
where N 4, is the population born in year y and enumerated at the 1996 census.

The same formulas of indexes are applied to the 2001 census data and the 2007
survey data but the years of birth being considered have to be restricted in such a way that
they derive the population aged between 70 and 89 at each of the 2001 census and the 2007
survey.

The above derivaion will manage to assess heaping at years of birth in which the
population aged between 70 and 89 could have been born. The research is not able to
assess independently the heaping at other years where the populations born in those yeats

were already aged above 89 years at the 1996 census.

3.5.3 Age overstatement at death
Age overstatement at death is assessed by death ratios. Deaths ratios used by Jdanov,

Jasilionis, Soroko ez al. (2008) are slightly modified to use with lower ages and the research is
using the ratios, Dyy, /D.s, and Dy, / Dy, . The same ratios are calculated using deaths

from the ASSA2003lite model and a comparison done to determine whether there was a
p
general age exaggeration at death and note any patterns of improvement over time relative

to the ASSA estimates.

The methods which need to compare with a standard population are likely to face
limitations, for example, the identified standard population has data by single ages which go
up to age 89 and we would like to assess the quality of the data up to age 100. Therefore,
for those particular measures of quality; conclusions reached are limited to the age groups

assessed. Another limitation is the estimation of year of birth both for individuals who are
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alive and those that are dead. It has been assumed that the year of birth is the difference
between the census/survey date and age last birthday. Since the censuses were carried out in
October and if it is assumed that deaths and birthdays are uniformly distributed over a year,
this would imply that the majority of the population with a particular age in October is a
composition of the population born between January and October of the birth year. Thus
any conclusion reached may be more marked because of the mixture of individuals with

different birth years but with same age last birthday in a particular year.
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4 Data analysis and results

4.1 Exploration of the cut-off age

In determining the cut-off age above which it is necessary to re-estimate the old age
population, ratios of the census/survey population to those estimated by the projection
models were used and results of the ratios are as shown in Figures 4.1 to 4.3 below.

Figure 4.1 Ratio (Enumeration/USCB), by age, 1996 and 2001 censuses, and the
2007 sutvey
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Figure 4.2 Ratio (Enumeration/UNPD), by age, 1996 and 2001 censuses, and the
2007 survey
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Figure 4.3 Ratio (Enumeration /ASSA), by age, 1996 and 2001 censuses, and the
2007 survey
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One can see from the above figures that the excess of the census/survey population
over the population estimated from deaths increases with age. By inspection, the survey
population becomes excessively higher relative to the USCB and UNPD population
estimates from age 75 and above. However, there are other inconsistencies observable in
the comparison between the census/survey population and estimates by the USCB and
UNPD for ages which are below the age of 60 above which age the population is defined as
old age. This research is interested in the discrepancies observed at old age. A comparison
with the ASSA population estimates shows that the discrepancies start from age 80 and
above. The ratios suggest that ASSA estimates are more consistent with the census/survey
population. The estimates from USCB and UNPD are lower than the counted population
at ages as low as 75 which suggest that the two sources of estimates are probably over
estimating the South African old age mortality. If the ASSA estimates of the population are
correct, then either the difference between the ASSA estimates and the census/sutvey
population is because the population was over counted from age 80 and above or because
there is age exaggeration. Following these observations, it was decided to re-estimate the
population numbers from age 75.

Since ASSA estimates of the population are consistent with the census/survey

population, ASSA results are used as the standard against which to compare certain indices
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of measure. The measures which are used to check for data quality in reported deaths
compared with those derived from the ASSA estimates are the ratios of deaths for checking

age overstatement and the Whipple’s Index of age accuracy for checking age heaping.

4.2 Extinct generations method

The first results of interest derived from the method of extinct generations are the
adjustment factors (in Table 4.1) used to adjust for completeness of the re-estimated
population numbers at old age so that they equal the census/survey population aged 75 and
above as shown in Table 4.2 below.

Table 4.1 Per cent estimates of the completeness of reporting of deaths

Sex 1996- 2001-
Male 91.2 91.9
Female 94.8 92.2

The population aged 75 and above at each of the 1996 and 2001 censuses, and the
2007 survey estimated using the method of extinct generations and adjusted using the
factors in Table 4.1 are shown in Table 4.2 below.

Table 4.2 Census/sutvey and re-estimated old age population, by age and sex, 1996
and 2001 censuses, and the 2007 survey

Census/survey Re-estimated Per cent deviation

Age group Male Female Male Female Male Female
1996

75-79 142 013 235 500 144 000 239875 -1.4 -1.8
80-84 62 203 117 123 62 872 116 690 -1.1 0.4
85-89 28 985 62 313 27 801 60 616 4.3 2.8
90-94 9944 23 204 9268 21394 7.3 8.5
95-99 3949 7 359 3358 7 585 17.6 -3.0
100+ 496 1584 290 919 71.0 72.4
2001

75-79 136 353 231190 137 639 232828 -0.9 -0.7
80-84 90 845 180 097 87 000 175035 44 29
85-89 28 928 65 303 31759 72 478 -8.9 -9.9
90-94 11 265 30 448 11676 30 198 -3.5 0.8
95-99 4273 11171 3 847 8811 11.1 26.8
100+ 1636 4 367 1378 2974 18.7 46.9
2007

75-79 163 118 316968 170 001 328 496 -4.0 -3.5
80-84 87 683 176 113 86 353 173 408 1.5 1.6
85-89 47 121 113 097 45706 110 659 3.1 22
90-94 12 564 32602 13709 36 300 -8.3 -10.2
95-99 6 652 15 590 4 868 12 495 36.6 248
100+ 4 367 9243 868 2255 403.0 310.0
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The distribution of the population estimated from deaths and census/survey
population numbers aged 75 and above by single ages and sex are as shown in Figures 4.4

to 4.6 below.

Figure 4.4 Census and estimated population numbers, by age and sex, 1996 census
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Figure 4.5 Census and estimated population numbers, by age and sex, 2001 census
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Figute 4.6 Sutvey and estimated population numbers, by age and sex, 2007 survey
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The population numbers estimated from deaths in the above figures have a smooth
but otherwise consistent distribution by age compared to the census/survey populaton
numbers. These results suggest that re-estimation of the population numbers using reported
deaths smoothens the age heaping observed in the census/survey population numbers.

The population numbers at the oldest age groups are small and the plots above may
not show the differences between the census/survey and the re-estimated old age
population numbers. For this reason, ratos of the census/survey population numbers to
the numbers re-estimated from deaths are as shown in Figures 4.7 to 4.9 below.

The plot below (Figure 4.7) shows some noise around the ratio of one and the noise
are fairly small from age 75 to 96. Large distortions are observed from age 97 to 100 and
above, and one can see an excess in the census/ survey population from age 99 and above
relative to the population estimated from the deaths. Given that the estimates are an
aggregate of deaths for a range of ages which would smooth out any age specific
fluctuations, the fluctuations in the ratio are a result of fluctuations in the census/ survey
population. The deficit of people enumerated at age 97 relative to the estimates from deaths
and the sudden excess at ages 99 and above would suggest some element of age
exaggeration in the population at the younger ages. Most probably there are some people
who should have been enumerated at age 97, but they were enumerated at a higher age. The
distortions are in both sexes, with the age exaggeration generally more in males than in

females.
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Figure 4.7 Ratio (census/estimates), by age and sex, 1996 census
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Figure 4.8 Ratio (census/estimates), by age and sex, 2001 census
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Figure 4.8 above shows some fluctuations in the ratios, but with a general reduction
in the frequency of the fluctuation relative to that of 1996. Age reporting problems are
visible at ages 97 and above with more people enumerated at age 99 relative to the estimates

at this age. For this census the proportionate excess of females is higher than that of males.

47



Figure 4.9 Ratio (survey/estimates), by age and sex, 2007 sutvey
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In Figure 4.9 above, one can see that the survey population and the estmates from death
statistics are fairly close to each other from age 75 to 95. An excess of the survey population
relative to the estimates is observed at ages 96, 97, 98 and, 100 and above (not shown on
graph with ratios of 5.03 for males 4.10 for females). These results may suggest that there is
age exaggeration at ages 96, 97 and 98, most probably from those aged between 91 and 96
in the case of males and from those aged between 89 and 95 in the case of females. The
distortion at age 100 and above may be due to some people with unrealistically high ages
above 110.

To be consistent with the synthetic extinct generatons method, the series,

IA)udj (x+)/ P(x+), was plotted against age as shown in Figure 4.10 below. Aggregation of
the population above a particular age is done to eliminate some of the fluctuations observed
in the analysis by single ages. A comparison of these ratios suggests that age exaggeration or
over count of the population is increasing with age for both sexes as shown by a fall in the

ratios.
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Figure 4.10 Ratio ( Pag(x+)/ P(x+)), by age and sex, 1996 and 2001 censuses, and the

2007 survey
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4.3 Data quality

The extent of bias in the data used is investigated in the sections to follow and used
to draw conclusions on the implications of the bias to the final estimates of

mortality.

4.3.1 Digit prefetence in reported deaths
The ratios ¢, /q,., were computed for the years 1996 and 2001, and the results are shown

in Table 4.3 below. One can see that in 1996, there was age heaping at death at ages 78, 82,
86, 92 and 94 for both sexes and also age heaping at death at ages 90 and 95 in males.
Significant age heaping is observed in males but is less in females. There is no pattern in the
ages at which heaping is observed and one can trace the years in which these individuals
were born. Those who died at age 78 were probably born on average in 1918, those who
died at age 82 were born on average in 1914, those who died at age 86 were born on
average in 1910, those who died at age 92 were born on average in 1904 and those who
died at age 94 were born on average in 1902. The same analysis can be done with the 2001
data and age heaping at the same years of birth as in 1996 were observed at ages 83 (1918),
87 (1914), 91 (1910) and 97 (1904). The arrows show the cohorts that were born in these
years over time. This would suggest that people were probably making reference to the
beginning and end of World War I (1914 and 1918) as their birth years. Bearing in mind
that the majority of people in South Africa have identification documents and at the point
that these were issued, the issuing offices would have needed to decide on a date of birth,
such that a year of birth was allocated, and presumably this has determined the person’s age
since. Other years which show some year of birth preference are 1902, 1905, 1906 and
1910. The years 1905 and 1910 may have been preferred because they are easy to give and
remembered as multiples of five. Similarly, the years 1902, 1904 and 1906 may have been
preferred because they are even numbers. The effect of year of birth preference is probably
more marked than shown, since as mentioned earlier that a person can have two ages last
birthday within a year. The results presented are actually mixing two birth years and had it
been possible to group by year of birth the change in pattern would have been more

marked.
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Table 4.3 Ratio of probability of death at age x to probability of death at age x+J,

1996 and 2001

Qw/Gx+1
Male Female

Age (x) 1996 2001 1996 2001
75 0.92 0.96 0.94 0.88
76 0.94 0.93 0.93 0.99
77 0.92 0.96 0.88 0.95
78 113 0.93 1.29 0.90
79 0.74 0.91 0.70 0.83
80 0.87 0.92 0.90 0.98
81 1.00 1.02 0.91 0.93
82 1.21 0.83 145 0.83
83 0.82 44 0.77 39
84 0.87 0.73 0.87 0.70
85 0.92 0.79 0.94 0.88
86 1.25 0.93
87 0.76 34
88 0.96 0.77
89 0.85 0.90
90 1.19 0.92
91 0.91 30
92 1.31 89
93 0.86 0.93
94 1.10 1.00
95 1.22 24
96 0.87 0.84
97 0.50 35
98 0.81 0.74 0.66 0.91

Notes  Normal font-acceptable quality (below 1.05)
Bold and Italics font-moderate age heaping (1.05-1.19)
Bold font-significant age heaping (1.20 and above)

4.3.2 Digit preference in census/sutvey population

An independent assessment of heaping at the same years of birth as observed in the

reported deaths was done using the census/survey population and the results are shown in

Table 4.4 below.
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Table 4.4 Ratio of Whipple’s Index derived from the census/survey population
divided by the Whipple’s Index derived from the ASSA population estimates.

1996 census 2001 census 2007 survey
Ratio of indexes Male Female Male Female Male Female
WI(O or 5) 0.99 0.98 0.98 0.98 0.89 0.87
WI1(1910, 1920, 1930) 1.36 1.38 1.20 1.33 1.14 1.27
WI(1914) 1.40 1.33 1.40 1.31 * *
WI(1918) 1.38 1.43 1.31 1.37 1.17 1.21

Notes  WI(0 or 5) is the Whipple’s Index for an age with a terminal digit equal to 0 or 5.
WI(19xx) 1s the Whipple’s Index for heaping at birth vear 19xx.

* There are no data to compute the Whipple’s Index for the standard population. This is because

the population born in 1914 was on average aged 92 in 2007 and the age distribution of the chosen

standard population for comparison ends at age 89.
One can see that none of the indexes derived to measure age digit preference are 5 per cent
more than those derived from the standard population as reflected by the ratios of the
Whipple’s Index shown in Table 4.4. These results suggest that the census/survey
population data by age show no signs of preferring the ages that end with a zero or a five.
The ratios in Table 4.4 show that the index used to assess year of birth preference deviate
significantly from the standard for the years of birth 1910 and 1920 in the case of the 1996
census data, and 1920 and 1930 in the case of the 2001 census and 2007 survey data. Using
the recommended standard criteria of measuring age heaping from Table 2.1 in Chapter 2,
one can see that the data for those born in 1910 and 1920 at the 1996 census were roughly
accurate for both sexes, while at the 2001 census and 2007 survey; there was approximate
age heaping for males and rough data for females who were born in 1920 and 1930. The
Whipple’s Index to assess year of birth preference at years 1914 and 1918 show that the
data quality was generally rough as reflected by the ratios in Table 4.4 which deviate by

more than 30 per cent in the case of the 1996 and 2001 census data.

4.3.3 Age overstatement at death
Table 4.5 below shows the results obtained in assessing age exaggeration in the reported
deaths for males.

Table 4.5 Ratio of death ratios ftrom reported deaths divided by death ratios from
deaths in the ASSA model for males

Year
Ratios of ratios 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
D80+/D75+ 113 105 105 103 105 105 104 1.04 103 103 1.06
D85+/D80+ 193 168 141 132 120 1.11 1.04 107 105 106 1.08
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The ratio of ratios in Table 4.5 shows that the reporting of age at old age is
generally improving over time relative to the standard. The age-reporting of deaths up to
age 80 is reasonably good as shown by an average deviation of 4 per cent excluding the 13
percent in 1996. One can sece that in the years further in the past (1996 to 2000), the
reported deaths at age 85 and above were proportionally more than what was expected
from the ASSA model. The ratio of ratios for 1996 is almost double and from 2002
onwards, one can see that the ratio of ratios has almost stabilized at a deviation of around 6
per cent.

Table 4.6 below show the results obtained in assessing age exaggeration in the
teported deaths for females.

Table 4.6 Ratio of death ratios from reported deaths divided by death ratios from
deaths in the ASSA model for females

Year
Ratios of ratios 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
D80+/D75+ 119 114 115 112 112 109 106 104 101 098 1.00
D85+/D80+ 200 188 159 140 128 117 110 113 111 110 1.10

The ratio of ratios in Table 4.6 suggests the same conclusion as the results for males
but with age exaggeration at death being more in the female population relative to the
standard.

The next section analyzes the extent to which the deaths are reported and adjusts
the deaths for completeness of reporting before estimating mortality. The methods used

also helps to explain other quality characteristics of the data not analyzed so far.

4.4 The Generalized Growth Balance and Synthetic Extinct Generations
methods
Figures 4.11 to 4.14 compare the application of the GGB method using the census/survey

population with that using the estimated population derived from the registered deaths.
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Figure 4.11 Application of the GGB method: Male population, 1996 and 2001
censuses
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The completeness of reporting of male deaths estimated from the data in Figure

4.11 is 85.4 per cent relative to the census/survey population and 84.8 per cent relative to

the population estimated from deaths. The old age population estimated from deaths

produces points which are closer to a linear plot which suggests that the census/survey

population data has errors such as age exaggeration in the population numbers or that the

completeness of reporting of deaths by age is falling.

Figure 4.12 Application of the GGB method: Female population, 1996 and 2001
censuses

No(x)/N°o(x+)-r(x+)

0.30

0.25

0.20

0.15

0.10

0.05

0.00 f

0.00 0.05 0.

10 0.15 0.20 0.25

Deo(x+)/N°(x+)

A Y-enumerated ——FittedY I

0.30
—~— 0.25
%
T 020 A
T /
X 0.15
=]
z p
3 0.10
[=]
Z 0.05
0.00 A . , r
0.00 0.05 0.10 0.15 0.20 0.25
Do(x+)/No(x+)
I A Y-estimated ——FittedYI

54



The completeness of reporting of female deaths estimated from the data in Figure
4.12 is 88.8 per cent relative to the census/survey population and 87.9 per cent relative to
the population estimated from deaths. The data for females does not deviate much from
linearity but the population numbers estimated from deaths produce a closer fit. Data for
females for the period between these two censuses appears to be of better quality than that
for males.

The completeness of reporting of male deaths estimated from the data in Figure
4.13 below 1s 88.6 per cent relative to the census/survey population and 87.0 per cent
relative to the population estimated from deaths. Estimating the old age population from
deaths gives a better fit except for that last point. Since the population numbers have been
corrected, the deviating point at age 95 1s most probably a result of a lower completeness in
the reporting of deaths for ages 95 and above, and not an over correction of the population
numbers.

Figure 4.13 Application of the GGB method: Male population, 2001 census and 2007
survey

0.30 0.30
— — /\
§ 0.25 _; 0.25
= 020 020 /L
T T /
X 015 £ X 015
] A =]
z £ z
2 0.10 [ 75 2 0.10
=] =]
Z 0.05 f = 0.05 f

0.00 r v . . 0.00 T T T T

0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25
Deo(x+)/N°o(x+) Do(x+)/No(x+)
A Y-enumerated =——FittedY | l A Y-estimated ——Fitted Y |

55



Figure 4.14 Application of the GGB method: Female population, 2001 census and
2007 survey
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The completeness of reporting of female deaths estimated from the data in Figure
4.14 is 98.1 per cent relative to the census/survey population and 94.5 per cent relative to
the population numbers estimated from deaths. Estumation of the old age female
population reduced the estimate of the completeness of death reporting. This suggests that
the census/survey population numbers at old age have problems and the distortion in the
numbers leads to over estimating the completeness of the reporting of deaths. The point
deviating from linearity at the last age group is probably again the result of a fall in the
completeness of the reporting of deaths.

The results from the application of the GGB method also suggest that the 2001
census coverage was better than the 1996 census coverage and the 2007 survey coverage
was better than the 2001 census coverage, as shown by negative intercepts. This suggests
that there has been an improvement in the enumeration process in each subsequent census
or large scale population count.

Life expectancies at age 100 estimated from the mortality rate of that age group
after correcting for incompleteness are 1.09 and 1.23 for males and females respectively for
the period between the 1996 and 2001 censuses. For the period between the 2001 census
and the 2007 survey, the life expectancies at age 100 are virtually the same at 1.09 and 1.24

for males and females respectively.
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Results from the SEG+delta method using both the census/ survey and the
population estimated from deaths are as shown in Figure 4.15 and Figure 4.16 below.

Figure 4.15 Application of the SEG+delta method: Male and female population, 1996
and 2001 censuses
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Application of the SEG+delta method using the census/survey population yields
results that suggest that either there is age exaggeration in the census enumeration or the
completeness of the reporting of deaths 1s declining with age at the oldest age groups, or
both. The fall in the completeness of reporting of deaths and/or age exaggeration is
observed from age 90 in both males and females over the period between the 1996 and
2001 census as shown in Figure 4.15 above. The extent that use of the population estimates
still does not correct for the fall in estimated completeness suggests that most of this effect
is due to a fall in the completeness of reporting of deaths at the oldest ages.

In the period between the 2001 census and the 2007 survey, results from the SEG
method suggests that the completeness of reporting of deaths is overstated with some
points derived from the SEG method showing completeness of more than 100 percent as

shown 1n Figure 4.16 below.
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Figure 4.16 Application of the SEG+delta method: Male and female population, 2001
census and 2007 survey
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Application of the SEG+delta and the GGB methods to the data with new
estimates of the population points to new conclusions. The unusual patterns observed in
the census/survey population data are now to some extent explained by differential
enumeration of the old age population by age over ume. It has been observed that this error
in population enumeration led to lower growth rates of the population between the 1996
and 2001 census, and higher growth rates between the 2001 census and the 2007 survey.
The effect of the error in census enumeration is more visible in the plot for males over the
period between the 2001 census and the 2007 survey as shown in Figure 4.13 and Figure
4.16 above. From this finding in particular it would appear that the 2001 census may have
been under enumerated at old ages.

The preceding discussion was on the patterns observed only and the estimates of
the completeness of reporting of deaths used to adjust the deaths were also derived. Table
4.7 below shows the numerical estimates of the completeness of reporting of deaths relative

to both the census/survey population and the old age population estimated from deaths.
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Table 4.7 Estimates of the completeness of reporting of deaths detived from the
SEG+delta method

Sex 1996-2001 2001-2007
ko (SEG+delta and census/survey population) Male 0.846 0.970
Female 0.862 0.964
ks (SEG+delta and re-estimated population) Male 0.845 0.878
Female 0.881 0.939

The estimates of the completeness of reporting of deaths derived using the
population estimated from deaths appear to be reasonable because there 1is greater
consistency between the estimates of the two periods, and there is a reduction of the
estimates from implausibly high (in comparison with estimates from other sources)
completeness in the most recent period.

The completeness of reporting of deaths for females i1s generally higher than that
for males regardless of the data used. The completeness of reporting of deaths is generally
improving with time as reflected by the estimates in Table 4.7 above where the
completeness of reporting of deaths estimates over the period between the 1996 and 2001

censuses are less than the death reporting completeness over the period between the 2001

census and the 2007 survey. The plot of the series, N(x)/ N(x), in Figure 4.15 and Figure

4.16 from the SEG+delta method suggest that the completeness of reporting of deaths is

falling with age at the advanced ages even after re-estimating the old age population.

4.5 Comparison of the extinct generations method and the synthetic extinct
generations method

One striking observation is that the estimates of the completeness of reporting of deaths
derived from the method of extinct generadons for the period between the 1996 census and
until the population at the census date aged 75 last birthday is almost extinct at age 110 as
shown in Table 4.1 are higher than the estimates of death reporting completeness between
the 1996 and 2001 censuses derived using the SEG+delta method as shown in Table 4.7.
Part of the explanation for this difference is most probably the difference in the
fundamental definitions of the two methods and also the general improvement in death
reporting completeness over time.

By definition, the method of extinct generations follows a real cohort from the

census date untl its extinction and then the deaths are aggregated to get the size of the
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cohort at the census date. The SEG+delta method assumes that deaths will grow at the
growth rate being experienced by the population and then those deaths are aggregated to
estimate the size of the population at the middle of the time interval between the two
censuses. The growth rates that are assumed are derived from two censuses and therefore
an over enumeration of the first census or an under enumeration of the second census will
derive low growth rates and hence lead to an estimate of too few deaths relative to the
population distribution. As a result, the SEG+delta method is giving low estimates of
completeness of reporting of deaths relative to the estimates of the population.

These results suggest that the 2001 census was under enumerated resulting in a
shrinking of the growth rates between the 1996 and the 2001 censuses, and an increase in

the growth rates between the 2001 census and 2007 survey.

4.6 Mortality rates
One of our main objectives is to determine mortality rates and the results are presented in
Table 4.8 below.

Table 4.8 Mortality rates derived from the census/survey population and estimated
population by sex and age

Period sM,.census/survey sm-estimated Per cent deviation
1996-2001 Age(x) Male Female Male Female Male Female
75 0.09266 0.06087 0.09140 0.06010 1.4 13
8o 0.12322 0.09214 0.12499 0.09363 1.4 16
g5 0.17778 0.14439 0.17290 0.13897 28 39
go 0.18253 0.17202 0.18534 0.17990 15 4.4
g5 0.18170 0.20317 0.20726 0.22534 123 98
100 and above 0.16678 0.15771 0.23711 0.25096 297 -37.2
2001-2007 75 0.08219 0.05572 0.08935 0.05454 8.0 29
go 0.10372 0.07418 0.11910 0.07583 129 22
g5 0.14632 0.11959 0.15812 0.11476 75 4.2
go 0.19100 0.16995 0.20028 0.16173 4.6 5.1
95 0.11429 0.13766 0.15701 0.17314 27.2 205
100 and above 0.20771 0.15640 0.56592 0.38377 -63.3 -59.2

Table 4.8 above shows the mortality rates derived using both the census/survey
population and the population estimated from deaths. One can see a general under
estimation of old age mortality from the census/survey population data relative to the
population data estimated from deaths as reflected by the negative per cent deviation. The
level of under estimation increases with age and this may be the result of age exaggeration

in the population. Mortality under estimation is more in males than females. The fact that
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the completeness of reporting of deaths for males is less than that for females may also
contribute to the differential in mortality under estimation by sex. However, there are a few
age groups where mortality derived from the census/survey population data suggests that
mortality was over estimated. Possible reasons for these results are that since these age
groups correspond to some of the age groups where preference of year of birth in the
reported deaths was observed, this bias will cause heaping of deaths in those age groups
hence increasing mortality rates.

Under estimation of mortality is worse in the period between the 2001 census and
the 2007 survey. Mortality estimates of males at old age are generally higher than that of
females. Analysis of the above estimates of mortality for the two time periods is as shown
in Figure 4.17 below.

Figure 4.17 Mortality estimates for the two time petiods by age and sex
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Results from Figure 4.17 above suggests that mortality at old age may be falling as
shown by the estimates between the 1996 and 2001 censuses which are generally less than
those for the period between the 2001 census and the 2007 survey for females. For males
however, the difference is not as marked.

Figures 4.18 and 4.19 below compare the new estimates of mortality with estimates
from other sources. Dorrington, Moultrie and Timaeus (2004) used the 1996 and 2001
censuses to estimate mortality over the period between the two censuses and their life

tables extend up to age 90. Other mortality estimates are derived from the UNPD and
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USCB population estimates using survival probabilities and on the assumption that there 1s
no migration at the advanced ages. The census survival ratio method (United Nations,
2002), was applied on the published population numbers by age and sex from the UNPD
and USCB to estimate mortality rates. The population estimates for the years 1995 and
2000 from the UNPD were used to estimate mortality rates for the first period and the
population estimates for the years 2000 and 2005 were used to estimate mortality for the
recent period for comparison. Figures 4.18 and 4.19 below show the plots of the mortality
estimates, one for unadjusted population numbers (Unadj), one for the adjusted old age
population (Adj), one (DMT) from estimates by Dorrington, Moultrie and Timaeus (2004),
estimates derived from UNPD and USCB population projections.

Figure 4.18 Mortality estimates between the 1996 and 2001 censuses by age group
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Figure 4.19 Mortality estimates between the 2001 census and 2007 survey by age
group
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One can see that the census/survey population numbers lead to lower estimates of
mortality relative to the re-estimated old age population numbers at ages above 90 in the
case of the period between the two censuses and at ages above 95 in the case of the most
recent period. The change in trend in the estimated mortality rates at these ages is probably
a result of the fall in the completeness of the reporting of deaths. Estimates derived by
Dorrington, Moultrie and Timaeus (2004) are higher than the adjusted estimates as shown
in Figure 4.18 and this may be partly due to the fact that they factored in migration and the
rates are graduated using Brass’s logit relation (Brass, 1968) and the General Standard. The
mortality rates inferred from the UNPD and USCB population projections are all generally

higher than the adjusted estimates for both periods.
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5 Discussion and conclusion

5.1 Introduction
The aims of this study were to estimate the South African oldest old age mortality and in

the process re-estimate numbers of people in the population at the advanced ages. The
research also investigated errors that are common in the demographic data of the old age
population. This chapter discusses the results obtained and reflects on the extent to which
they meet the objectives of the research. This chapter is organized as follows: Section 5.2
looks at the re-estimated population numbers and compares them with the census/survey
population, section 5.3 considets the data quality of both the census/survey population
numbers and the reported deaths, and secton 5.4 discusses results from the death
distribution methods used to adjust for under reporting of deaths. The next section, section
5.5 discusses the mortality rates calculated and compares them with other estimates. Section
5.6 gives the limitations of the study followed by section 5.6 which gives the main

conclusions reached from this study and recommends further research.

5.2 Population estimates
The South African population numbers in general and the old age population in particular

are obtained from censuses and other nationally representative large scale surveys. Some
organizations have designed population projection models so that they can project the
population numbers at some point in time in the future, for policy making. Among the
organizations are the Actuarial Society of South Africa, USCB and UNPD. A comparison
of the census/survey population numbers and the estimates from the different sources
shows wide differences of the numbers at old age. Due to the irregularities in the data of
this old age population numbers by age and among other practicality concerns, researchers
and other users have resorted to aggregating the population estimates at some high enough
ages.

This research used indirect methods to re-estimate the oldest old age population
numbers (aged 75 up to 100 and above) and compared these estimates with the
census/survey numbers. The method of extinct generations which uses deaths arising from
a cohort to re-estimate the size of the cohort at some point in time has been observed to
produce superior estimates of the population at old age relative to the census/survey

numbers and was used in this current research. Results from the method of extinct
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generations suggest that there 1s no systematic difference between the population numbers
estimated from deaths and the census/survey population numbers except at the oldest age
groups. The results obtained suggest that there is some element of over counting the
population at the highest age groups from age 95 and above. The over count of the
populaton at these ages leads to under estimating mortality. The method of extinct
generations also produced a smooth distribution of the population by age unlike the
census/survey population.

Since the 2007 survey did not enumerate the whole population, the national
population estimates from the survey were obtained by adjusting the realized sample such
that the national estimates are consistent with previous census/survey data. The adjustment
done to the sample might have had a smoothing effect on the national estimates. In
addidon to this, the current research estimated the 2007 survey population by extrapolating
the census estimates (census estimates from the method of extinct generations) forward.
The fact that both the published national estimates of the population in the 2007 survey
and those estimated by this research were a result of adjustments which might have had a
smoothing effect may explain why the two estimates fit well as shown in Figure 4.6.

A comparison of the census/survey population and estimates from the organizations
mentioned above suggests that the excess of the census/survey population relative to the
estimates Increases with age. The excess of old people is high in the comparison of the
estimates from USCB and UNPD. This finding suggests that USCB and UNPD are over
estimating the South African old age mortality and as a result their projections produce
lower estimates of the population.

The data on reported deaths used to re-estimate the old age populations are not free
from errors and the following section evaluates the extent of the bias resulting from these

€Irors.

5.3 Data quality
This research investigated the errors that are common in the data of the old age population.
The most common errors are age overstatement and age digit preference in both the
reported deaths and the census/survey population, and under reporting of deaths.

The methods used to assess the quality of the data on reported deaths depend on a

standard population whose mortality pattern is similar to that of the population under
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study. After having established that the censuses are wrong at the extreme ages, it was
suggested that ASSA estimates are accurate enough to use as the standard population since
the ASSA estimates of the population are consistent with the census/survey population
numbers up to age 80. This means that the conclusions reached are made relative to ASSA
estimates. Even if ASSA estimates are incorrect, conclusions reached on year of birth
preference will not change as they have also been reached using a method which does not
depend on ASSA.

The difference between the distribution of the reported deaths at old age and ASSA
estimates is acceptably small. The marginal age overstatement in the age of reported deaths
is improving relative to ASSA over ime. The aim of investigating age overstatement in the
reported deaths is to see its effect on the re-estimated population numbers. A simulation
done to investigate this effect showed that age overstatement in reported deaths has only a
marginal effect on the re-estimated population. This is because the age exaggeration in
reported deaths notable at a particular point in time nearly cancels out when summed across
different periods for the different cohorts. From this, we can conclude that the difference
between estimates of the population derived using the method of extinct generations and
the census/survey population are real and not due to age overstatement in the reported
deaths.

The next data quality concern in reported deaths is age digit preference. The research
observed that there was a tendency by the population to prefer certain years of birth rather
than certain ages. This type of etror in data has to do with periods of mass registration
where individuals end up being allocated birth years connected to certain historical periods
or years with certain terminal digits. The years of birth that were preferred are 1910, 1914,
1918, 1920 and 1930. From these results, the years 1914 and 1918 may have something to
do with World War T and the years 1910, 1920 and 1930 have terminal digit zero or are
muldples of 10. The research observed that the same birth year preference is also present in
the census/survey population.

From this finding, we can conclude that some differences between the estimates of
the population detived using the method of extinct generations and the census/survey
population are due to heaping that occurred when birth dates were allocated for registration
purposes and are now entrenched. The heaping observed at certain years of birth cannot be

attributed to random fluctuations since this is observed in cohorts over time.

66



Age digit preference and birth year preference in the reported deaths and the
census/survey population numbers cause fluctuations in mortality rates. Re-estimating the
population numbers smoothens the heaping in the population, but the errors still remain in
the reported deaths.

The population born in the years that were preferred will be extinguished and
therefore it is expected that data for the whole population in general and the oldest old in
particular will improve. This is so because of the new system of continuous registration of
vital statistics as opposed mass registration.

Under reporting of deaths is another possible cause of bias in the estimation of

mortality and 1s discussed in the following section.

5.4 Completeness of reporting of deaths

As mentioned previously, deaths are usually under reported and the population numbers are
most probably under enumerated. As a result, the data on reported deaths and population
numbers cannot be used to estimate mortality at face value. The GGB and SEG+delta
methods were used to adjust for under reporting of deaths before estimating mortality rates.
The difference between the estimates of the completeness of reporting of deaths from the
GGB and SEG+delta methods are small (less than 1 per cent) to have much impact on the
estimates of mortality and in this research, the estimates from the SEG+delta method are
used.

The estimates of the completeness of reporting of deaths derived from this research
are consistent with those from other studies. The estimates of the completeness of
reporting of deaths over the period between the 1996 and 2001 censuses derived from this
reseatch are 84.5 per cent and 88.1 per cent for males and females respectively. Similar
estimates derived by Dorrington, Moultrie and Timaeus (2004) over the same period are
83.5 per cent and 86.7 per cent for males and females respectively. The small differences
may be due to the fact that Dorrington, Moultrie and Timaeus (2004) factored in migration
in applying the methods, they used lower open intervals and did not re-estimate the
population at the old ages. This finding shows that the adjustment made on the population
numbers has little impact on the completeness of reporting of deaths, but has a significant

impact on the mortality rates at the advanced ages.
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The completeness of reporting of deaths at old age is not a problem as concluded
by Anderson and Phillips (2006). The problem is the method they used and they produced
implausibly high estimates of the completeness of reporting of deaths.

The two methods also show certain patterns in the reported deaths and the
census/survey population. Application of both methods on the census /survey populaton
show that there is either age exaggeration in the population data or the completeness of
reporting of deaths is falling with age. After adjusting the old age population, the
SEG+delta method and the GGB method concluded that the 2001 census appears to have
under enumerated the old age population. The SEG+delta and GGB methods show that
the completeness of reporting of deaths is falling with age at the advanced ages even after
adjusting the population numbers.

The SEG+delta method was applied to the data with adjusted old age population
and this old age population is estimated from deaths whose completeness of reporting is
falling with age. This would mean that the re-estimated oldest old age population is under
estimated as well. On estimating completeness of the reporting of deaths, there is a double
effect that the deaths at the oldest old age are under reported and the oldest old age

population is under estimated as well.

5.5 Mortality rates
The main objective of this research is to produce better estimates of mortality at old age.
The old age population estimates (aged 75 up to 100 and above) derived using the method
of extinct generations and the census/survey population aged between 15 and 74, together
with the reported deaths in the corresponding age groups were used with the SEG+delta
method to produce estimates of mortality. The SEG+delta method was used to adjust for
under reporting of deaths and it was chosen because it is a period analogue of the method
of extinct generations which traces cohorts. Use of both the method of extinct generations
and the SEG+delta method to re-estimate the population helped to evaluate the
assumptions underlying each method. The SEG+delta method is very sensitive and
depends heavily on growth rates whereas the method of extinct generations depends on
survival ratios for non extinct cohorts.

The mortality estimates derived for the age groups between 75 and 90 are close to

estimates from other sources. Since the estimates derived need graduation before being
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used it was decided to assume final estimates of mortality from one of the UNPD, USCB
and mortality estimates by Dorrington, Moultrie and Timaeus (2004) and the mortality rates
are smoothed in one way or the other.

Since these three estimates of mortality are close to each other, it is reasonable to
recommend the estimates derived using the enumerated population numbers, that is
estimates from Dorrington, Moultrie and Timaeus (2004). The problem with these
estimates is that they are limited to age groups 85 to 89 and are available only for the whole
period between the two censuses. However, since the UNPD mortality estimates fit well
with estimates from Dorrington, Moultrie and Timaeus (2004) for age groups 75 to 89 for
both sexes, it is recommended that the UNPD mortality estimates be used for the advanced
ages.

The research also observed that even if the estmates are consistent, the accuracy of
mortality estimates falls with age across the advanced ages and this decrease in precision is
higher in males than in females. The decrease in precision may be attributed to falling

completeness of reporting of deaths at these ages.
P P g g

5.6 Limitations of the study

Certain reported ages need to be treated with caution as there are an implausibly number of
people aged above 110. The super-centenarians are also observed in the data for reported
deaths. However, the number of super-centenarians may not be a significant issue since
their numbers are small relative to the numbers in the age groups with which we are
concerned.

The method of extinct generations relies on accurate vital statistics by age. The
death statistics used to estimate the populations were obtained from Statistics South Africa
and which acknowledges that some deaths may yet be reported and therefore the statistics
are not completely accurate. The research adjusted the estimates to cover for the deaths
which are stll to be reported, and it may be debatable which data has more errors between
the census/survey population and the reported deaths.

The method of extinct generations was developed to estimate the old age
population which 1s closed to migration. The research assumed that migration from age 75

and above is negligible. The extent of international migration relative to the population at
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ages as low as 75 could not be verified because there are no accurate estimates of migration
(Dorrington, Moultrie and Timaeus, 2004).

The research could not be extended to an analysis by race because there was a
significant proportion (about 25 per cent) of the population with no population group on
the death certificates and in the case of all except the African and possibly the White
population the numbers are small and probably more vulnerable to the various errors.

The research tried to take as much care as possible to ensure that some of the
limitations were adjusted for. The verification of the extent of migration at ages as low as 75

by single ages is one of the limitations beyond which the research could not go.

5.7 Conclusions and recommendations

From the results above, the conclusion must be that the mortality rates derived after re-
estimating the oldest old age population and after allowing for the fall in the completeness
of reporting of deaths are lower but not significantly different from the mortality rates
inferred from the UNPD and USCB population projections, and mortality estimates by
Dorrington, Moultrie and Timaeus (2004) up to at least age 90. The current research
recommends mortality estimates from the UNPD since they match estimates derived from
the enumerated population almost closely. However, the indirect methods derived better
estimates of the oldest old age population relative to the census/survey population
numbers.

The research has identified a number of areas where further research might be
needed. It is recommended that the impact of using more accurate estimates of age (year of
birth) be assessed. Analysis by population group/race is also recommended to see the
differentials in mortality at old age. Further studies could be done to assess the impact of
the assumptions of linearity in the estimation of the population from deaths using the

synthetic extinct generations method.
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