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ABSTRACT
Actuaries rely on population mortality rates to determine compensation in cases of damages, 
trends in mortality rates inform the modelling of mortality risk and valuation of insurance 
companies and pension schemes and, not least, actuarial calculations of population mortality 
contribute to wider societal debates. Estimating the level and trend in population mortality rates 
at advanced ages in South Africa is complicated by potential problems. Population and death 
data, particularly in developing countries, often suffer from age misreporting – age exaggeration 
and digit preference. In addition, censuses may under- or overestimate the population and 
registration of deaths is usually incomplete in developing countries

 In this research, we use the Death Distribution Methods (Moultrie et al., 2013) to correct 
the death data for incomplete registration of deaths, and the Near Extinct Generation (NEG) 
methods (Thatcher et al., 2002) to estimate the population by projecting future deaths of nearly 
extinct cohorts. In applying NEG methods to the South African data, we exploit the theoretical 
connection to actuarial methods for the calculation of claims incurred but not yet reported, 
and propose an adapted NEG method based on the chain-ladder model of Renshaw and Verrall 
(1998) to smooth the digit preference in the death data. We use this model to re-estimate the 
population at each age from 70 and above and to calculate mortality rates since 1996. We find 
that both the population and death data suffer from the same pattern of digit preference and that 
the population data are affected by age exaggeration, leading to underestimated mortality rates 
if the census counts are used as exposures. The level and trend in mortality rates are discussed 
and compared to the mortality rates in the Human Mortality Database, other studies of South 
African mortality and insured life tables.
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1. INTRODuCTION
1.1 Mortality rates are fundamental inputs into actuarial valuations of cash flows 
that are contingent on survival and are generally available for most of the calculations 
performed by actuaries as standard mortality tables, often adjusted on the basis of the 
internal experience of insurers, reinsurers and pension funds. However, when data 
on the insured population are not adequate or when valuing cash flows outside of 
the insurance and retirement context, actuaries may need to rely upon population 
mortality rates.

1.2 For example, studies of changes in mortality at the older ages often rely on 
population mortality rates. To illustrate, the mortality improvement model published 
by the Institute and Faculty of Actuaries (CMI, 2016) is calibrated on population data. 
Also, the solvency capital requirement for longevity risk prescribed for insurers in the 
European Union under Solvency II was calibrated on the basis of population mortality 
data since insured life data were not available (Towers Perrin, 2009).

1.3 As a further example, actuaries in South Africa rely on population mortality rates 
to determine compensation in cases of damages. The base life tables recommended 
for this purpose by Koch (2016), and in common use, are the South African Life 
Tables 1984 to 1986 (SALT 84–86), with adjustments to the rates that depend on the 
earnings of the claimant. It is especially unclear if the mortality rates in these tables at 
the older ages are still applicable, given the history of mortality improvement in other 
countries.

1.4 Despite the importance of population mortality rates to actuarial practice and 
insurance regulation in South Africa, relatively little research has been performed on 
quantifying the level and trend in mortality rates at the older ages (Cooper-Williams et 
al., 2012). One can therefore find several examples where actuaries are currently forced 
to rely on professional judgement when considering the level and trend in mortality at 
the older ages in South Africa:

 — The data on insured lives in South Africa has not yielded reasonable estimates 
of mortality improvement (CSI, 2012; Dorrington & Tootla, 2007) and the 
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experience of mortality improvement in other countries is often used as a proxy 
(Cooper-Williams et al., 2012).

 — The capital requirements for longevity risk for South African insurers was set 
subjectively in the Solvency Assessment and Management (SAM) capital regime, 
since data were not available for a statistical calibration (FSB, 2014).

 — The insured life tables for South African annuitants produced by Dorrington 
and Tootla (2007) and CSI (2012) relied on extrapolation techniques to produce 
mortality rates at the highest ages since the data were not of a sufficient quality to 
produce rates. It is not known, though, if this extrapolation is suitable for insured 
lives, or if the experience of South African elderly is in line with assumptions of 
this method.

1.5 Estimating the level and trend in population mortality rates at advanced ages in 
South Africa is complicated by the potential problems with both the population and 
death data, and it is likely that these difficulties are the reason for the limited research 
into mortality at the advanced ages. Figure 1 shows the results produced by estimating 
mortality rates in 1996, 2001 and 2011 using registered death data1 and population 
estimates from the censuses of 1996, 2001 and 2011. Contrary to expectations that 
mortality rates increase with age, the mortality rates level off and even decline after 
age 90, and vary increasingly with age, indicating problems of misreporting in the 
population and death data.

1.6 It is well established in the demographic literature that population data may 
suffer from the inaccurate recording of the age of the elderly often manifesting as an 
exaggeration of the population at older ages (Preston et al., 1999), both in developed 
countries – see, for example, Coale & Caselli (1990) – and in developing countries – 
see Machemedze (2009) for the case of South Africa. If population data suffering from 
age exaggeration are used to estimate mortality, then the mortality rates at the older 
ages will be biased downwards (Coale & Kisker, 1990; Das Gupta, 1991), which is likely 

1 These data are corrected for incomplete reporting of deaths using the techniques described later in the 
paper.

Figure 1 Crude mortality rates, National, Males and Females
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one of the problems with the mortality rates shown in Figure 1. Another potential 
source of error is under- or over-count of the population in censuses.

1.7 An alternative to using population data is to use demographic methods to 
 reconstruct the old age population. A technique often used for such population 
reconstruction is the method of extinct generations (Vincent, 1951) and its extensions 
to Nearly Extinct Generations (‘NEG’) (Thatcher et al., 2002). These techniques rely on 
death data (which, when complete, are usually more accurate than census and survey 
data) to re-estimate the population and therefore provide an alternative measure of 
exposure in the calculation of mortality rates. Since the method allows one to estimate 
the population in each year and not only the census years, it allows one to study the 
change in mortality year by year.

1.8 While the method of extinct generations has been applied quite widely to 
developed country populations (Thatcher et al., 2002), the application of the method 
to developing country data is complicated by the incomplete registration of death data. 
Since deaths in South Africa are not completely registered (Dorrington et al., 2004; 
Stats SA, 2014), the data need to be corrected for under-reporting before estimating 
mortality rates. Other problems with the death (and population) data that need 
correction are age heaping, in which too many are reported to have been born in years 
of birth ending in a ‘0’ (Bradshaw et al., 2002; Machemedze, 2009) and post-retirement 
age exaggeration (particularly the censuses (Machemedze, 2009)).

1.9 This research attempts to provide some insight into the issue of old age mortality 
in South Africa. However, the framework and results presented are still a work in 
progress.

1.10 To derive more accurate mortality rates than the naïve calculation presented 
above, the NEG methods are applied to death data covering the period 1984–2013. As 
a first step, these data were corrected for incomplete reporting of death (and population 
group) using a class of demographic techniques known as the death distribution 
methods (DDMs) (Moultrie et al., 2013) and once the data were corrected, then the NEG 
methods were applied. After finding that the NEG methods as applied in developed 
countries do not produce satisfactory results, we show how the NEG methods can be 
adapted using the generalised linear model (GLM) regression framework, making the 
theoretical connection between the NEG methods and actuarial methods for reserving 
for outstanding claims.

1.11 Using the regression framework, the population numbers of those aged 70 and 
older by single years of age is re-estimated in the years 1984–2012, nationally and for 
each of the population groups, allowing mortality rates to be calculated using estimates 
of the population based on the death data.
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1.12 While there are arguments against disaggregating the data on the basis of race in 
much research, we agree with Moultrie and Dorrington (2012: p 14), who argue that 
‘in the case of a country with limited vital registration, official and other data, race 
offers an important proxy for a host of other socio-economic differences’. In addition, 
from a technical perspective, a further reason for using data classified by race is that 
the actuarial and demographic techniques applied in this study rely on homogenous 
data to produce accurate results. For example, it is shown in Section 3 of this paper that 
population mortality is likely underestimated if completeness of death registration is 
estimated using aggregated data.

2. DATA
2.1 Data on registered deaths in the years 1984–2013 were provided by the Medical 
Research Council (MRC) Burden of Disease Research Unit from their records (1984–
1996) and a special series of data covering the years from 1997 provided to the MRC 
by the Statistics South Africa (Stats SA).

2.2 Population group was missing from almost all of the records in the years 1991–
1998, after a decision to stop recording population group on the death notification 
forms (which was reversed in 1998). In order to estimate the numbers that would 
have had population group recorded in the period 1996–1998, had identification of 
population group been at the same level in the period 1999–2001, the average number 
of deaths in each population group in each age group recorded over the period 1999–
2001 were projected backward using the population growth rates implied by the 1996 
and 2001 census population estimates.

2.3 Over the period 1999–2013, 23.8% of records were missing population group. 
Instead of imputing population group and then estimating the completeness of 
registration of death for each population group, the DDMs were used to estimate the 
proportion of deaths registered with population group recorded (i.e. the death is both 
registered and has the population group recorded), allowing the adjustment of the 
recorded number of deaths for under-registration of death and the population group 
of the death combined.

2.4 The numbers of deaths were apportioned into the inter-censal periods of 1985–
1991, 1991–1996, 1996–2001 and 2001–2011, on the assumption that deaths occurred 
uniformly within each calendar year in which they were apportioned.

2.5 Population data were collated from several sources. For 1985, the census numbers 
for Whites, Coloureds and Indians were those made available online by Stats SA.2 The 
numbers for Africans, including those living in the so-called ‘homelands’ (Transkei, 

2 http://interactive.statssa.gov.za:8282/webview/
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Bophuthatswana, Venda and Ciskei or ‘TBVC’) were taken from Dorrington (1998: 
Appendix 1). For 1991, the census numbers for the RSA were taken from the report 
on the 1991 Census by the Central Statistical Service (1992a: p 119) and combined 
with the estimates of the population of the TBVC countries as estimated by Jan Sadie 
(Central Statistical Service, 1992b: p 22). The numbers by sex, population group and 
five-year age group enumerated in the 1996, 2001 and 2011 censuses (full census, not 
10% sample) were downloaded from the Stats SA website.3

2.6 Although the 2007 Community Survey provides data that could be used in 
the DDMs, Dorrington (2013b) notes that data from small surveys rarely produce 
satisfactory results. An initial application of the DDMs to the periods 2001–2007 and 
2007–2011 produced implausible results in comparison to the results from the period 
2001–2011, mainly because of distortions in the age structure of the older population 
in the 2007 numbers. The data from the Community Survey were therefore not used 
in producing the estimates of completeness by single calendar years.

2.7 Migration data for the single years 1985–1996 were taken from the ASSA AIDS 
model (Actuarial Society of South Africa, 2009) and aggregated into the periods 1985–
1991 and 1991–1996. Migration data for the inter-censal periods in 1996–2011 were 
taken from Moultrie and Dorrington (2015).

3. DEATh DISTRIBuTION METhODS
3.1 The DDMs are demographic techniques used to correct death data for 
incomplete registration of deaths. These techniques work by reconciling the number 
of deaths reported to the numbers of deaths implied by estimates of the population. 
The population data are usually census results or, less often, the results of a large-scale 
survey. Once the death data have been corrected for incomplete registration (relative 
to the population estimate), they provide a source of information for estimating 
mortality.

3.2 The two major methods in common use are the General Growth Balance 
method (GGB) of Hill (1987) and the Synthetic Extinct Generations (SEG) method of 
Bennett and Horiuchi (1981; 1984). Only a short, and hopefully intuitive background 
on the DDMs is provided in the interest of brevity; for further details and examples of 
implementation, the interested reader is referred to the section on adult mortality in 
Moultrie et al. (2013).

3.3 Generalised Growth Balance Method
3.3.1 A simple demographic identity known as the balancing equation underlies the 
GGB method. The principle is expressed succinctly by Hill and Queiroz (2010: p 8) as 

3 http://interactive.statssa.gov.za/superweb/login.do
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the growth rate of the population being equal to the difference between the entry and 
exit rate.

3.3.2 The identity can be expressed mathematically for a population aged x and older 
as ( ) ( ) ( )r x b x d x+ = + - + , where ( )r x+  is the rate of growth for those aged x and 
older, ( )b x+  is the rate of ‘birth’ into the age group x + (i.e. the rate of turning x) 
and ( )d x+  is the rate of death. Alternatively, the rate of death can be expressed as 

( ) ( ) ( )d x b x r x+ = + - + .

3.3.3 The birth rate and growth rate (on the right hand side of the previous equation) 
can be estimated using data from two censuses. If deaths are not completely reported, 
then the true rate of death cannot be calculated from the data; however the reported 
death rate, represented as * ( )d x+ , can be calculated. If the completeness of reporting, 
c, was known, then the reported death rate could be equated to the true death rate 

through the equation 
* ( ) ( )d x d x

c
+

= +
 
(on the assumption that the completeness of 

reporting of deaths is constant with respect to age).

3.3.4 Since c is not known, it can be inferred by regressing the difference 
between the birth and growth rate on the reported death rate, using the equation

*( ) ( ) ( )b x r x d xa b+ - + = + + , where α and β are the intercept and slope of the 
regression respectively. Following from the above, β is the inverse of the completeness 
of reporting and α is the estimated completeness of coverage of the one census relative 
to the other (Bennett & Horiuchi, 1981).

3.3.5 The GGB method can also be extended to handle migration, by treating 
emigration as another decrement from the population (and immigration as an 
increment).

3.4 Synthetic Extinct Generations Method
3.4.1 The SEG method relies on the insight4 that one cohort in a population is related 
to another cohort using the rate at which the cohorts have grown relative to each 
other.

3.4.2 Preston and Bennett (1983) provide an example of two cohorts, aged 16 in year 
t – 1 and t. If r16 is the rate of growth at which the cohort aged 16 in year t grew from 
the cohort aged 16 in year t – 1, then it follows simply that 16(16, ) (16, 1) rN t N t e= - . 
Similarly, by rearranging the previous equation, those aged 17 in year t can be calculated 
as 16

16(17, ) (16, ) rN t N t e p-= , using the growth rate and p16, the probability of survival 

4 The original idea appeared in Bennett and Horiuchi (1981) and was generalised by Preston and Coale 
(1982).
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of those aged 16 in the current year, t. The current (period) mortality rates can be used, 
since any difference in mortality experience of the two cohorts is already accounted for 
in the growth rate (Horiuchi & Preston, 1988).

3.4.3 Similarly, it is possible to approximate the population aged 16 in year t by using 
data on those aged 17 in year t and the deaths occurring at age 16 in year t – 1, as 

16
16 2(16, ) (17, ) (16, 1)

r
rN t N t e d t e» + - . A proof of the identity in continuous time on 

which this formula is based is given in Bennett and Horiuchi (1981).

3.4.4 Using a similar approximation, the SEG method reconstructs the population 
at all ages using the population growth rates and the reported deaths. If deaths are 
not completely reported, then the population reconstructed using the SEG will be too 
small relative to the reported population. If it can be assumed that the completeness of 
reporting of deaths is constant with respect to age, then the completeness of reporting

of deaths can be estimated as 
* ( , )
( , )

N x t
N x t

, where * ( , )N x t  is the population aged x at time 

t estimated using the SEG method.

3.4.5 The SEG method makes use of population growth rates calculated from census 
data, and thus may be biased by changes in the level of census coverage. To correct for 
this, the adaptation suggested by Bennett and Horiuchi (1981: Footnote 10) is used to 
correct for the differential coverage of the censuses.5

3.4.6 The indication in the literature is that the SEG method marginally outperforms 
the GGB method (Dorrington et al., 2008; Hill & Choi, 2004) and therefore the results 
of the SEG method are reported below.

3.5 Applying the DDMs to the South African Data
3.5.1 Some judgement is necessary when choosing the age range of the data used 
to determine completeness. The default choice for the GGB was to use as much of 
the data as possible, unless the regression fit the data poorly. In that case, if changing 
the age range improved the fit and produced a significant change in the estimated 
completeness, the age range of the data used was narrowed. Similarly, the default choice 
for the SEG was to use all of the data unless the resulting estimates of completeness 

5 Two variants of the SEG method have been proposed which correct for changes in census coverage, 
the GGB+SEG method and the SEG+delta method. In this study we use the SEG+delta variant as 
described by Dorrington (2013b), since this method produced, in simulations, more accurate results 
more frequently than the SEG+GGB variant (Dorrington et al. (2008); Hill, You and Choi (2009)). The 
SEG+delta variant allows for changing levels of census coverage by calculating an adjustment to the 
population data that brings both sets of data to the same level of coverage. This adjustment, termed ‘delta’ 
is used to calculate the under- or over-count of one census relative to another.
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were inconsistent with those produced by the GGB method, in which case narrower 
age intervals were used if they improved the match.

3.5.2 The DDMs were applied at a national level in the periods 1985–1991, 1991–1996, 
1996–2001 and 2001–2011 and to population group data in the periods 1996–2001 
and 2001–2011.

3.5.3 The estimates of completeness produced by the DDMs are relative to the 
population data used in their estimation. Chain-linking the estimates of census 
coverage from the DDMs for each of the intercensal periods indicate that the censuses 
prior to 2011 were under-counted relative to the 2011 census (except for Indians), 
implying that, relative to the 2011 census, the estimates of completeness are an 
overestimate of the true level of completeness of registration of deaths by the extent 
of the undercount relative to the 2011 census. To produce estimates of completeness 
relative to the 2011 in each of the intercensal periods, each census prior to 2011 was 
corrected by the extent of the undercount calculated by the application of the DDMs 
in each intercensal period subsequent to that date. The 2001 census was corrected for 
undercount relative to the 2011 census and an estimate of completeness was produced 
for the period 2001–2011. Then the 1996 census was corrected for undercount relative 
to the corrected 2001 census, an estimate of completeness was produced, and so forth.

3.5.4 No data are available to estimate completeness of reporting by population group 
in the period 1991–1996 and thus the DDMs were not applied by population group 
in the period 1985–1991 since it is not possible to derive estimates of completeness 
relative to the 2011 census. Rather, deaths for Coloureds, Indians and Whites were 
assumed to be reported completely in this period (this is the assumption made for 
the official South African Life Tables up to the year 1986); completeness for Africans 
in this period was derived as the balancing item between the estimated true reported 
deaths at a national level and the reported deaths for Coloureds, Indians and Whites.

3.5.5 To derive estimates of completeness at the national level in each year, a logistic 
curve was fit through the estimates on the assumption that the completeness for the 
year in the middle of an intercensal period is equal to the average level of completeness 
for that period. To derive annual estimates of completeness for each of the population 
groups, logistic curves were fit to the estimates of completeness for Indians and Whites 
and constant completeness was assumed for Coloureds. The deaths remaining after 
subtracting the estimated true number of deaths for Coloureds, Indians and Whites 
from the estimated true number of deaths nationally were attributed to the African 
population group, on the assumption that Coloured, Indian and White deaths are 
completely reported and the estimates of completeness derived using the DDMs are 
estimates of completeness of reporting of the population group of the deaths.
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3.6 Results – Point Estimates
3.6.1 The results of applying the DDMs in each period are shown in Table 1 for males 
and Table 2 for females. The estimates of completeness for each population group are 
a combined estimate of the completeness of registration of deaths and of population 
group, and hence are lower than the estimate of completeness at a national level, which 
is an estimate only of the completeness of registration of deaths alone.

3.6.2 Since deaths reported without population group were included in the calculations 
at a national level, completeness is higher than for each population group.

Table 1 Completeness of reporting, Males

Males National
National – 
adjusted

African Coloured Indian White

1985–1991 57% x x x x x
1991–1996 80% x x x x x
1996–2001 84% 74% 56% 66% 74% 72%
2001–2011 92% 86% 63% 68% 91% 78%

Table 2 Completeness of reporting, Females

Females National
National – 
adjusted

African Coloured Indian White

1985–1991 61% x x x x x
1991–1996 78% x x x x x
1996–2001 89% 81% 64% 68% 82% 75%
2001–2011 95% 87% 64% 67% 92% 77%

3.6.3 It might be expected that grossing up the registered deaths (in each intercensal 
period) using the estimates of completeness at a national level would produce the 
same estimate of the true number of deaths that would be produced by the sum of 
the registered deaths in each population group grossed up using the estimates of 
completeness for each population group. However, it was found that fewer deaths were 
produced using the national estimates of completeness.

3.6.4 A comparison of the two sets of corrected deaths by age is shown for each sex and 
period in Figure 2. The ratio of the two sets of deaths is consistently above 100%, with 
the bulk of the extra deaths predicted at the younger ages, implying, on the assumption 
of constant completeness of reporting by age for each population group, that a single 
estimate of completeness at the national level does not correct for the missing deaths at 



R RICHMAN & R DORRINGTON MORTALITY RATES AND IMPROVEMENT OVER TIME AT ADVANCED AGES IN SA (Preliminary research: do not cite/use) | 261

ACTUARIAL SOCIETY 2016 CONVENTION, CAPE TOWN, 23–24 NOVEMBER 2016

each age appropriately and that the assumption of constant completeness of reporting 
by age is violated at the national level.

3.6.5 As support for this explanation, Figure 3 examines the proportion of deaths by 
population group at each age. The proportion of deaths reported as being African is 
at its highest at the ages below 40 and after this age, the proportion of deaths reported 
as White begins to rise. Thus, when estimating completeness at a national level, the 
assumption of constant under-reporting by age will be violated, even if it is true for 
each population group, since the White population group has a different level of 

Figure 2  True deaths estimated using population group completeness as a ratio of true 
deaths estimated using national completeness

Figure 3  Proportion of deaths attributable to each population group by age, 1996–
2001 and 2001–2011
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completeness than the African population group, and proportionately more White 
deaths occur at the older ages. This analysis suggests that the estimated true deaths 
using the population group estimates of completeness are likely to be more robust 
since the basic assumption of the SEG method (that the completeness of reporting is 
constant with age) will not be violated as it would be if the deaths were estimated at the 
national level.

3.6.6 On this basis, the estimates of completeness at a national level were recalculated 
as the proportion of the reported deaths to the estimated true deaths using the 
population group estimates of completeness at ages 25+. These estimates are shown in 
Table 1 and Table 2 as the ‘National – adjusted’ estimates. As a check on the adjusted 
estimates, the SEG method was re-applied using the estimated true deaths derived 
using the population group estimates. The results of the SEG, in both 1996–2001 and 
2001–2011, and for both sexes, indicate that deaths corrected using the population 
group estimates of completeness are approximately 100% complete.

3.6.7 The estimates of completeness at a national level shown above are compared in 
Table 3 to estimates from other studies (Dorrington, 1998; Dorrington et al., 2004; 
Dorrington & Bradshaw, 2011; Machemedze, 2009; Stats SA, 2014). Bearing in mind 
that the estimates of completeness in different intercensal periods are not directly 
comparable (since the estimates are relative to the level of coverage of the censuses 
in each intercensal period), the estimates for 1996–2001 from other sources lie in a 
tight range between 84%–89%, which includes the (unadjusted) national estimates for 
males and females, indicating that the application of the DDMs nationally produces 
results consistent with the consensus in the literature. However, the adjusted national 
results are lower than all of the other estimates; the theoretical arguments presented 
above indicate that the adjusted estimates should be used rather than the estimates 
calculated using the national data.

3.6.8 Assuming that the 2007 survey numbers did not have a very different coverage 
from the 2011 census, then the results in the periods 2001–2007 and 2007–2011 should 
be roughly comparable to the estimates derived above for the period 2001–2011. The 
estimates from other studies fall in the range 85–94%. Besides the national estimate 
for females which is marginally higher at 95%, this range includes both adjusted 
national estimates and the unadjusted national estimate for males, again indicating 
the consistency of the estimates in this period.

3.6.9 Ungraduated mortality rates estimated using the corrected death data are shown 
in Figure 4. The ranking of the mortality rates by population group is in line with 
previous studies (Dorrington et al., 2004) and the ASSA AIDS model (Actuarial 
Society of South Africa, 2009); for both sexes and in each period, rates for Africans 
are highest, followed by Coloureds, Indians and Whites. In each period, the rates for
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Table 3 Comparison of estimates of completeness since 1985, National, both sexes

Source Sex 1985 1988 1994 1999 2001 2004 2006 2007 2009
Dorrington (1998) Male 56%

Female 44%
Dorrington, Moultrie & 
Timæus (2004)

Male 84%
Female 87%

Machemedze (2009) Male 85% 88%
Female 88% 94%

Stats SA (2014) Both 89% 93% 94%
Dorrington & Bradshaw 
(2011)

Female 89% 85% 90%

National Male 57% 80% 84% 92%
Female 61% 78% 89% 95%

National – adjusted Male 74% 86%
Female 81% 87%

Note that the estimates are assumed to apply at the mid-point of the inter-censal period.

males are higher than those for females, except for Africans at younger adult ages 
(20–34) in the period 2001–2011, due to the impact of HIV/AIDS (mortality rates 
produced by the ASSA model also cross over at the ages 20–29). A comparison of 
mortality rates between the two periods for Africans shows, as might be expected, that 
AIDS mortality was worse in 2001–2011 than in the period 1996–2001. Mortality for 
Coloureds, Indians and Whites in 2001–2011 was generally lower than in 1996–2001. 
In conclusion, it appears that the mortality rates produced by applying the corrections 
for incomplete reporting estimated in this section produces mortality rates generally 
in line with expectations.

3.6.10 The estimates of completeness that appear in Table 3 are each relative to the 
second census in the intercensal period. In order to allow for the relative completeness 
of these censuses and thus produce a series of estimates of completeness relative to one 
another the estimates were corrected for the relative completeness of all censuses to 
the census in 2011. The estimates of the completeness of the census counts relative to 
those of 2011 are shown in Appendix 1.

3.7 Results – Mortality Rates by Year
3.7.1 Since the estimates of completeness of reporting of male and female deaths 
were reasonably close to one another and there is no reason to expect the estimates of 
completeness to be systematically different for males and females, they were assumed 
to be the same in each year and a single curve was fitted to the intercensal estimates for 
both sexes.
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3.7.2 Logistic curves (of the form 
0( )1x k x x

Lc
e- -

=
+

) were fit to the estimates at 

a national level, and for Indians and Whites. The coefficients of logistic curves are 
shown in Table 4. The estimates for Coloureds are relatively similar in both intercensal 
periods, so completeness was assumed to be constant at the average of the estimates 
(67%) for the 1996–2011 period. (The estimates of annual completeness for Africans 
are discussed after other adjustments made to the estimates).

Table 4 Fitted logistic curves, National, Whites and Indians

National Whites Indians
L 89% 78% 91%
k 0.16 2.01 1.20
x0 1986 1999 1998

Figure 4 Ungraduated mortality rates, Males and Females, 1996–2001 and 2001–2011
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3.7.3 For the national estimates of completeness, estimates for the individual years 
1988–2009 were derived using the fitted curve. For the years 2009–2014, it is assumed 
that the trend defined by the fitted curve continues and therefore, the curve was used 
to extrapolate the estimates for these years. For the years 1984–1987, however, the 
curve produces estimates of completeness as low as 33%, which are implausibly low 
compared with the national estimates of completeness in 1985 implied by Dorrington 
(1998). For this reason a minimum level of completeness equal to the value in 1988 
is assumed (which is still lower than the level of completeness implied by Dorrington 
(1998) but, perhaps, not implausibly so).

3.7.4 The annual estimates of completeness for the most recent years were then 
adjusted for a drop in completeness due to late reported deaths in the last couple of 
years, and, more than counterbalanced for the population groups, by an increase in the 
reporting of the population group of the deaths.

3.7.5 Some death notifications are processed by Stats SA after the death data has 
already been reported on. The numbers of deaths originally reported are augmented 
in subsequent Stats SA reports. Data on the number of late reported deaths since 
2007, classified by the year of occurrence of death and the year in which the death was 
reported, were received from Stats SA. The chain-ladder method was used to derive the 
late reported deaths expected to be reported in the years subsequent to 2013 (which 
is the last year of data in the dataset), for each year of occurrence of death since 2008. 
These data on late reported deaths at ages 30+ were tabulated into a reporting ‘triangle’, 
shown in Table 5, in order to project the number of deaths that have occurred that 
will be reported late in years subsequent to 2014.6 Deaths reported as having occurred 
in the year of the Stats SA report are shown in column 1 of the table. The following 
columns add to that the total late registrations recorded in the reports in subsequent 
annual reports. For example, 453 804 deaths were reported as having occurred in 2007 
in the Stats SA report on deaths recorded in the year 2007. In the report relating to 
deaths recorded in 2008, an extra 1 472 deaths were reported as having occurred in 
2007, bringing the cumulative total of deaths occurring 2007 to 455 276.

3.7.6 The proportions of the cumulative total deaths in each elapsed reporting year to 
the cumulative total deaths in the prior year (‘development factors’) were calculated 
and are shown in Table 6. It can be seen that a higher proportion of deaths are reported 
late in more recent years (for example, 2007 deaths reported late in 2008 were equal to 
0.3% of the deaths reported in 2007, compared to late registrations in 2014 of deaths in 
2013 equal to 3.1% of the deaths reported in 2013). The Stats SA reports are not issued 
at regular time intervals and recent reports have been issued more quickly after the 

6 The triangle contains a diagonal in bold relating to the late reported deaths that are available from the 
2014 Stats SA report.



266 | R RICHMAN & R DORRINGTON MORTALITY RATES AND IMPROVEMENT OVER TIME AT ADVANCED AGES IN SA (Preliminary research: do not cite/use)

ACTUARIAL SOCIETY 2016 CONVENTION, CAPE TOWN, 23–24 NOVEMBER 2016

year of death. The increasing proportion of deaths reported late in recent years appears 
to be the result of an acceleration in the release of data from 23 months to 11 months 
after the end of the calendar year of death.

Table 5  Deaths occurring in each of the years 2007–2013, and cumulative adjustments 
made in subsequent reports from Stats SA

Reporting years elapsed since death

1 2 3 4 5 6 7 8

Ye
ar

 of
 oc

cu
rre

nc
e o

f d
ea

th

2007 453 804 455 276 455 955 456 126 456 154 456 207 456 850 457 217

2008 448 134 450 317 450 644 450 686 450 753 451 657 452 253

2009 444 569 449 297 449 511 449 858 450 970 451 709

2010 423 553 426 469 427 126 428 064 428 421

2011 404 219 409 235 410 926 411 273

2012 383 390 391 835 392 573

2013 370 191 381 737

Table 6 Individual development factors

Reporting years elapsed since death

1 2 3 4 5 6 7

Ye
ar

 of
 oc

cu
rre

nc
e o

f d
ea

th

2007 1.003 1.001 1.000 1.000 1.000 1.001 1.001

2008 1.005 1.001 1.000 1.000 1.002 1.001

2009 1.011 1.000 1.001 1.002 1.002

2010 1.007 1.002 1.002 1.001

2011 1.012 1.004 1.001

2012 1.022 1.002

2013 1.031

3.7.7 The most recent proportions, shown in bold in Table 6, were used to derive the 
late reporting adjustments for each year of deaths which are shown in Table 7. For 
example, it is expected that deaths reported late in future years will be equal to 3.9% 
of the deaths reported in the 2013 Stats SA report. These deaths are allowed for by 
reducing the estimate of completeness by 3.9%.

3.7.8 Since there is mounting evidence that completeness of reporting has fallen 
somewhat in recent years (Dorrington et al., 2015), the annual estimates of complete-
ness in the years 2012 and 2013 were reduced by 1.5%. This was derived based on a 
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comparison of the vital registration data recorded by Stats SA with the deaths recorded 
on the population register.

Table 7  Adjustments made to the estimate of completeness of reporting of deaths for 
each year since 2007

Percentage of cumulative deaths in 2013 
still to be reported

Adjustment

2007 100.1% 99.9%

2008 100.2% 99.8%

2009 100.4% 99.6%

2010 100.5% 99.5%

2011 100.5% 99.5%

2012 100.7% 99.3%
2013 103.9% 96.3%

3.7.9 The adjustments for late reporting and a fall in completeness were also applied 
to the annual estimates of completeness for Coloureds, Indians and Whites.7

3.7.10 Lastly, the proportion of deaths reported with unknown population group 
in 2011–2013 fell, implying that completeness of reporting of population group has 
risen in the years since 2010. To avoid using estimates of annual completeness that 
are too low, a final adjustment to the estimates was made. The increase in reporting 
was estimated to be 13%.8 However, applying a blanket adjustment of 13% to the data 
produced an implausible time series of deaths, especially for Indians, for whom the 
level of reporting of population group appears to have fallen and therefore adjustments 
for each population group were derived separately.

3.7.11 The deaths that would have been expected in each population group in the 
years 2011–2013 had no change in completeness of reporting of population group 
occurred, were projected on the assumption that the number of deaths occurring 
in each year was increasing exponentially (the growth rate was found using least 
squares regression). The percentage change in deaths actually reported compared to 
the projected deaths was calculated and the annual completeness of reporting was 

7 Adjustments for each population group were not derived, since the data required is not available. 
However, the NEG model applied later allows the reasonability of these adjustments to be tested.

8 The increase was calculated as 2011,2013

2000,2010

1
1

unknown

unknown

p
p

-

-
, where 2000,2010

unknownp  is the proportion of deaths reported without 

race in the years between 2000 and 2010.



268 | R RICHMAN & R DORRINGTON MORTALITY RATES AND IMPROVEMENT OVER TIME AT ADVANCED AGES IN SA (Preliminary research: do not cite/use)

ACTUARIAL SOCIETY 2016 CONVENTION, CAPE TOWN, 23–24 NOVEMBER 2016

increased by this percentage in the years 2011–2013. The percentage change in deaths 
reported with population group is 5%, –6% and 7% for Coloureds, Indians and Whites 
respectively.

3.7.12 Two assumptions were made to derive annual estimates for Africans: that the 
estimates of completeness for Coloureds, Indians and Whites are estimates of the 
completeness of reporting of the race of the deceased, and that reporting of deaths 
for these population groups is complete,9 and that for Africans, the completeness of 
reporting of death as well as reporting of race are incomplete. These assumptions imply 
that the true number of African deaths can be estimated as the difference between the 
estimated national deaths and the estimated deaths for Coloureds, Indians and Whites. 
The ratio of the reported African deaths to the deaths estimated in the prior step was 
then taken as the annual estimate of completeness for the African population group.

3.7.13 The annual estimates of completeness since 1984 are given in Appendix 2.

3.7.14 The annual time series of deaths produced by grossing up the deaths using 
these estimates of annual completeness are shown in Figure 5 and Figure 6. The level 
of the time series cannot be assessed from these figures, but, as shown in Figure 4, 
the ranking of the mortality rates are sensible for the different population groups, 
implying that the adjustments made are of the correct magnitude. The series of the 
corrected number of deaths for Africans conforms closely to the series at a national 
level, which is sensible since it was assumed that reporting of deaths is incomplete only 
for Africans. The results for Indians, Coloureds and Whites appear sensible in most of 
the years. The drop-off in deaths of Whites in recent years has been corrected and the 
time series is smooth. For Coloureds, the correction applied for increased reporting of 
population group appears too extreme in 2011. For Indians, the drop-off in 2012 and 
2013 has been somewhat corrected. Further attempts to correct the deaths would need 
to involve arbitrary adjustments. Therefore, the time series of deaths was accepted (i.e. 

9 This assumption is considered to be reasonable, because these populations are highly urbanised.

Figure 5 Numbers of deaths at ages 30+, 1999–2013, National and African
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the issues identified were assumed to be random fluctuations), and further adjustments 
were derived statistically, as reported in the next section.

4. NEAR ExTINCT GENERATIONS METhODS
4.1 Background
4.1.1 The method of extinct generations (Vincent, 1951) is often used by demographers 
to produce population estimates that are less biased by age misreporting. Vincent’s 
insight was that, assuming a population is closed to migration (which is a reasonable 
assumption given that the method is usually applied at advanced ages), all of the future 
deaths of a cohort must arise from the current population of that cohort. Therefore, if 
data on cumulative deaths experienced by a cohort are available, then the population 
can be reconstructed.

4.1.2 Defining ( , )D x t  as the number of deaths in calendar year t of those aged x 
last birthday on previous 1 January and ( , )N x t  as the population on 1 January of the 

calendar year t aged x last birthday, then 
0

( , ) ( , )
x

i

N x t D x i t i
w-

=

= + +å , where ω is the age 

at which the last death occurs.

4.1.3 The advantages of the method of extinct generations are that the resulting 
population estimates are often more accurate than the enumerated (because usually 
age at death is recorded more accurately than the age reported in censuses or in 
population surveys (Humphrey, 1970; Rosenwaike, 1981), the population estimates 
will be guaranteed to correspond to the deaths (Humphrey, 1970; Whelan, 2009), and 
it is possible to produce a series of population estimates over time allowing for an 
empirical evaluation of mortality rates over time.

4.1.4 Vincent’s identity relies on the availability of the full time series of deaths until 
the age ω. In order to apply the method to cohorts that are ‘almost’ extinct, several 
extensions of the method have been devised which are referred to collectively as the 

Figure 6 Number of deaths at ages 30+, 1999–2013, Coloured, Indian and White
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near extinct generations (NEG) methods (Das Gupta, 1991; Thatcher et al., 2002). The 
rationale underlying these methods is that the age structure of deaths in past cohorts 
is representative of how future cohorts will expire and, using this information, the 
future deaths due to a cohort can be projected. Once the projections are made, then the 
population can be reconstructed using the projected deaths. Since a small proportion 
of deaths occur at the advanced ages at which these methods are normally applied, 
errors introduced by the NEG methods have relatively little effect on estimates at 
younger ages.

4.1.5 The NEG methods are analogous to loss reserving in short-term insurance. 
Actuaries reserving for claims incurred but not yet reported (IBNR) often assume that 
outstanding claims that will be reported in the future will follow a similar reporting 
pattern to those claims that have already been reported and use this so-called 
‘development’ pattern to project the outstanding claims. So, too, the NEG methods 
project the future deaths due to a cohort using the experience of recent cohorts, 
perhaps modified for changing mortality experience,10 in order to reconstruct the 
population and calculate mortality rates.

4.1.6 In this study we focus on the method of Das Gupta (1991) which can be 
recognised as essentially the same algorithm as the chain-ladder method (the latter 
algorithm is described in detail in Wüthrich and Merz (2008, Chapter 2)). The 
method assumes that the ratio of deaths at consecutive ages does not vary much by 
cohort and that, once a series of ratios has been estimated using data from earlier 
cohorts, the deaths in the current cohort can be predicted from these ratios. The 
experience of several previous cohorts is used to estimate the ratio in order to remove 
the effect of random fluctuations from the calculation. Expressed mathematically 

( , ) ( 1, 1) * ( , , )D x t D x t CR x t m= - -  where ( , , )CR x t m  – the cohort ratio for year t age 
x estimated using m cohorts – is the ratio of deaths at age x to deaths at age 1x-  
based on the experience of the m cohorts prior to the current cohort that was born in 

the year 1t x- - . Das Gupta (1991) estimated ( , , )CR x t m  by 
1

1

( , )

( 1, 1)

m

j
m

j

D x t j

D x t j

=

=

-

- - -

å

å
,

 with m equal to three. The population is then estimated using the projected deaths as

00

ˆ ( , ) ( 1, 1) * ( , , )
x i

ji

N x t D x t CR x j t j m
w-

==

= - - + +åÕ .

4.1.7 The estimated population, ˆ ( , )N x t , is usually constrained to be equal to an 
estimate of the population in an open interval which can be assumed to be accurate, 

10 Analogously, actuaries reserving for IBNR claims may allow explicitly for claims inflation.
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since this produces more accurate estimates of the population at the individual ages 
(Thatcher et al., 2002). Applying a constraint using the South African data is difficult, 
since it is not clear at what age the data begin to be misreported and the census may 
have under- or over-estimated the numbers in the open interval.

4.1.8 That the chain-ladder method can be applied to death data to estimate mortality 
is somewhat surprising. Appendix 3 shows that the chain ladder can be viewed as a 
method of calculating a life table without requiring exposure data. The connection of 
the chain-ladder method to mortality estimation becomes more intuitive once this 
demographic interpretation of the chain ladder is provided.

4.2 Applying the Das Gupta Method – National Results
4.2.1 In an initial attempt to apply the Das Gupta method to the national data, the 
population was reconstructed and compared to the census counts in 1996, 2001 and 
2011. To compare the age structure of the estimates to the census data, the NEG results 
were constrained to be equal to the census data in the open interval 70+ for all three 
censuses. These results are shown in Figure 7 where it can be observed that the Das 
Gupta method succeeds quite well in reproducing the census age distribution.

4.2.2 However, for both males and females, the NEG estimates and the census counts 
have very similar age structures that suffer from year of birth heaping, indicating 
that the death data is affected by the same form of misreporting as the census data. 
The heaping appears to be as pronounced in the death data as in the census data. As 
already observed by Bradshaw et al. (2002) and Machemedze (2009), the heaping is 
apparent at ages implying a year of birth that ends in a ‘0’; other years which suffer 
from heaping are 1914 and 1918, which mark the start and end of World War I. Since 
death registration in South Africa depends on an identity number containing year of 
birth, the year of birth heaping must be attributed to the issuance of inaccurate birth 
certificates (and is not only an artefact of the census enumeration).

4.2.3 Mortality rates calculated using the death data suffer from age heaping. To 
illustrate, raw mortality rates were calculated using the NEG exposures and are shown 
in Figure 8. The rates at ages 90 and above are very erratic due to age heaping in the 
death data (which does not occur in the death data at the younger ages). Also, the 
mortality rates flatten at ages 90–100, which implies that the exposures calculated 
using the NEG methods are too large at some of these ages.11 This is probably because 
too many deaths have been projected at some of the ages (particularly for those ages 
suffering from heaping), leading to distorted mortality rates.

11 If a bias that was constant with age was present in the projected deaths at all of the ages 90–100, then the 
mortality rates calculated using exposures based on the death data would not be affected. If the bias is 
only at some of the ages (or the bias was not constant with age) then the mortality rates will be distorted.
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4.2.4 In summary, the Das Gupta method as applied above does not produce sound 
estimates of mortality due to deficiencies in the national death data. In order to 
overcome these difficulties, an adaptation of the Das Gupta method is now proposed.

Figure 7  Comparison of census data and NEG estimates (constrained to match 70+) 
in the years 1996, 2001 and 2011, Males and Females
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4.3 NEG-GAM Model
4.3.1 As an alternative to applying the NEG methods as shown above, a regression 
model of the deaths (as opposed to the NEG methods which are deterministic 
methods for producing population estimates) was investigated. The key advantage of a 
regression model is that the model can control for the effects of year of birth heaping 
and other deficiencies in the death data.

4.3.2 Since the Das Gupta method is essentially the same deterministic approach as 
the chain-ladder method, insights gained from the actuarial literature into the chain-
ladder method can be applied to formulate a statistical model for projecting the 
deaths. The chain-ladder method has been recast as a statistical model by Renshaw and 
Verrall (1998), who show that a GLM in which the response is modelled as an over-
dispersed Poisson (ODP) random variable, and the predictors are the year of accident 
of the claims, the time elapsed since the occurrence of the claim and an intercept term, 
produces the same results as the chain-ladder method.

4.3.3 Thus the Das Gupta method can be recast as a GLM as follows:

, ,

,

~ ( )

.t x x

x t t x x

t x x

D ODP

em a b

h

h -

-
+ +

- =

This model allows for a separate parameter for each cohort, αt – x, which models the 
size of the cohort born in the year t – x, and a separate parameter, βx, for each age, 
which models the deferred probability of death |t xq .12 This interpretation leads into 
the demographic explanation of the chain-ladder method, which is presented in 
Appendix 3.

12 |t x t x x tq p q +=

Figure 8  mx implied by the NEG estimates in the years 1996, 2001 and 2011, Males 
and Females, national
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4.3.4 Applying this GLM to the national death data, cumulating the projected deaths 
and constraining the results to be equal to the census population aged 70+ produces 
very similar results to the application of the Das Gupta method (not shown). Thus the 
method did not eliminate the age heaping.

4.3.5 To model the age heaping explicitly, instead of a GLM, a generalised additive 
model (‘GAM’) (Hastie & Tibshirani, 1990) that models a smooth distribution of the 
population13 and smoothed mortality rates that change over time is proposed as follows:

,
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~ ( )
( ) ( ) ( ) *

t x t
x t

t x t

t x x t
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f t x f x f x t
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h
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where t – x is the year of birth of the cohort and x is the age of the cohort. Instead 
of including these covariates directly in the model, which would result in a linear 
relationship between the predictor and the covariate, a smooth function (.)f  of the 
covariate is used to allow for a smooth non-linear relationship. The smooth function 
can be semi-parametric (for example, splines) or non-parametric (for example, a 
LOESS smoother). In this model, non-parametric smoothers are not used (since we 
do not wish to fit the deficiencies in the data) but rather a less flexible semi-parametric 
function – b-splines with 3 degrees of freedom – is used to provide more control over 
the smoothing (Chambers & Hastie, 1991: p 270).14 The interaction term ( ) *f x t 
models the period trend (if any) in mortality over time.

4.3.6 t xa - , xβ  and td  represent optional parameters that control for deficiencies (year 
of birth heaping, age heaping and variations in the level of completeness, respectively) 
that have been identified in the death data.

4.3.7 For example, heaping on the year of birth 1940 has been identified above. The 
smooth function of year of birth, ( )f t x- , is not flexible enough to reproduce the 
higher than expected number of deaths for this cohort, and the fitting of the model will 
be biased. An extra variable 1940a  can be included within the model, the deaths in the 
1940 cohort will then be modelled as a combination of the smooth function of year of 
birth plus the extra variable and the fit of the smooth function will not be biased by the 
heaping in the data.

13 Similarly, Verrall (1996) uses a GAM to model accident year claims for insurance reserving and shows 
how to implement the model in S-PLUS. In this study, both the cohort population and mortality are 
modelled using a GAM.

14 As alternative to the b-spline basis, a fully non-parametric model using penalised thin-plate splines with 
the amount of smoothing set by generalised cross-validation was fit using the mgcv package (Wood 
2015). The mortality rates produced by this model were distorted at ages 90–100 in a similar way to 
the distortions in the mortality rates produced by the Survivor Ratio method. The less flexible b-spline 
model does not fit the deficiencies in the data as closely and therefore produces more demographically 
reasonable mortality rates.
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4.3.8 Different variations on this model can be specified. For example, a trend in 
cohort mortality could be specified by adding the term ( ) * ( )f x f x t-  to the model. 
The models used for this study did not allow for the extent of the heaping to vary over 
time, which is a simplifying assumption. However, the model can be extended to allow 
for this by specifying a different parameter t xa -  for each cohort that is heaped.

4.3.9 Mortality rates were derived using this model by predicting the deaths using 
only the smooth functions (i.e. the control variables were not used when predicting 
the deaths for this purpose). To the extent that the control variables have prevented 
a bias in these functions, the estimates of mortality will also be unbiased. To produce 
estimates of the deaths matching the observed death data, the heaped deaths quantified 
by the control variables were added to the smooth estimates of the deaths.

4.3.10 The GAM model was fitted separately for males and females for each population 
group and for the population groups as a whole using the glm( ) function in R 
(R Development Core Team, 2012). The models were first fitted without controlling 
for any data deficiencies. The model residuals were then inspected by plotting the 
residuals against year of death, year of birth and age last birthday. Control variables 
were added to the regression where the residual plots indicated that the model did 
not fit the data well; in other words, that the assumptions of constant completeness 
of reporting, smooth birth cohorts and smoothed mortality rates were violated. No 
attempt was made to correct for all of the data deficiencies, since this would result in 
an over-parameterised model. Rather, control variables were added until the residual 
plots did not display a significant trend and the models reproduced the population in 
the open interval 70+ as closely as possible.

4.3.11 One of the more extreme examples of this fitting process is shown in the 
standardised residual plots for Coloured males in Figure 9, before controlling for 
deficiencies in the data, and Figure 10, which is after controlling for data deficiencies, 
in which the residuals are plotted against the year of death. Before control variables 
are added the smoothed average residual indicates that year of death is an important 
predictor of the number of deaths (despite the inclusion of a period trend in mortality). 
This probably indicates that the death data in some years have a different level of 
completeness than in other years. After control variables for year of death in 1984 
and 1987–1989 are added, the smoothed average residuals, although not entirely flat, 
appear more reasonable and the fit of the model, as measured by the residual deviance 
improves from 1518 to 1108, which is a highly significant decrease according to the 
chi-square test (p <0.001).

4.3.12 The fitted coefficients of the splines have no natural interpretation so these are 
not shown. The fitted values of the control variables, t xa - , xb  and td , are shown in the 
tables in Appendix 4. Several comments on these values are in order.



276 | R RICHMAN & R DORRINGTON MORTALITY RATES AND IMPROVEMENT OVER TIME AT ADVANCED AGES IN SA (Preliminary research: do not cite/use)

ACTUARIAL SOCIETY 2016 CONVENTION, CAPE TOWN, 23–24 NOVEMBER 2016

Figure 9  Residual plot, Coloured Males, 1984–2012, before controlling for data 
deficiencies. Note that the missing residuals are in those years in which 
population group was not included on the death notification form.

Figure 10  Residual plot, Coloured Males, 1984–2012, after controlling for data 
deficiencies. Note that the missing residuals are in those years in which 
population group was not included on the death notification form.
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4.3.13 The residuals plotted against year of death were generally distorted in the years 
1988 and 1989 for deaths reported with population group, and the control variables 
can be interpreted as allowing lower completeness of reporting of population group 
in these years than was assumed when correcting the death data using the DDMs. In 
the years 1989 to around 1994, completeness at a national level was also lower than 
estimated using the DDMs. Since the results of the DDMs are the average completeness 
in the periods 1985–1989 and 1991–1996, it is possible that the years 1989–1994 had a 
lower level of completeness than the average in either period. In the years 2010–2012 
for Africans and 2010 for Indians, completeness appeared to be lower than estimated 
in the previous section, showing, perhaps, that the adjustments made for late reporting 
of deaths and the fall in completeness in recent years were not large enough.

4.3.14 Evidence of year of birth heaping was found at a national level and for Africans. 
Heaping was observed on years ending in a ‘0’ as well as in 1914 and 1918. Fewer 
deaths were attributed to the cohorts in the years 1915–1919 than would be expected, 
for both males and females, possibly due to low birth rates during the First World 
War (see Thatcher et al., 2002: p 13). Age heaping appears to have occurred at the ages 
99–102, nationally and for Africans.

4.3.15 The GAM models were used to estimate the deaths occurring in each of the 
years 1985–2012 for each age from 70–120 for each of the birth years represented 
within the data. Exposures at each age were derived as the sum of the deaths occurring 
at that age and older ages, for each birth cohort. These results are shown in Section 5. 
Mortality rates were derived using the smoothed deaths and population estimates and 
these results in shown in Section 6.

5. POPuLATION ESTIMATES
5.1 In this section, we discuss the results of comparing the GAM results (referred to 
as the NEG-GAM results) to the census data and other population estimates15 in the 
open interval 70+. Consistency of the NEG-GAM results with estimates from other 
sources provides an indication of reasonability of the NEG-GAM results.

5.2 The population estimates are shown in Figures 11 and 12. Comparing the (un-
constrained) NEG-GAM population estimates with the estimates from the other 
sources show that the model has succeeded in producing population estimates that 
track the censuses since 1985 relatively closely.

15 The estimates against which the NEG-GAM results are compared are the census numbers from 1985, 
1991, 1996, 2001 and 2011, the survey of 2007, the Mid-Year Population estimates produced by Stats SA 
(2015), the Alternative Mid-year estimates (AltMYE) (Dorrington, 2013a) and the estimates produced 
by the ASSA AIDS model (Actuarial Society of South Africa, 2009), the United Nations Population 
Division (United Nations, 2013) and the US Census Bureau (US Census Bureau, 2005).
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Figure 11  Population estimates and NEG-GAM projections, 70+, National, both 
sexes combined, 1985–2015

Figure 12  Population estimates and NEG-GAM projections, 70+, both sexes 
combined, 1985–2015, each population group separately
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5.3 The NEG-GAM estimates are somewhat lower than the 2011 census and the 
2007 Community Survey numbers for all population groups (although this is only 
minor for Indians). One could suppose that the completeness of reporting of deaths 
and population group may have been over-estimated, especially in the most recent 
years and hence that the population estimates produced using these deaths are too 
low. However, this explanation seems unlikely for Africans since the estimates of 
completeness for this population group were effectively adjusted downwards in the 
years 2010–2012 in the NEG-GAM model, with the size of the adjustment estimated 
statistically as part of the fit of the model, as discussed above. Some support for the 
NEG-GAM estimates can be derived by considering that the Alternative Mid-year 
estimates (AltMYE), which were projected back from the 2011 census counts, are 
higher than census 2001 estimates (and the NEG-GAM estimates in 2001) for Africans 
and Whites, and nationally, indicating that the 2011 census count may have over-
counted the population aged 70+ relative to the 2001 census.

5.4 Of the NEG-GAM estimates, the most perplexing are those for Coloureds, which 
decrease from 1985 to around 1996 before increasing in line with the censuses; despite 
a large adjustment downwards to the completeness of reporting of this population 
group in the years 1987–1989. Different specifications of the NEG-GAM model did 
not produce estimates of the population that followed a more reasonable trajectory, 
however specifying the period trend as ln( ) *x t , in place of a spline, produced 
estimates that matched the 2011 data more closely and this model was used to produce 
all of the results for Coloured males. It is noteworthy that applying the Das Gupta 
method to these data also resulted in implausible results, implying that the issue is 
caused by the data, and not by the NEG-GAM model. These estimates and data require 
further investigation.

5.5 The effect of age heaping can be seen in the national and African estimates, with 
a ‘step’ upwards in the estimates in the years 1988, 2000 and 2010 (corresponding to 
the years in which the cohorts of 1918, 1930 and 1940 turned 70).

5.6 In order to quantify the extent of misreporting in the census data, the numbers 
recorded at each age in the census were compared to the projected numbers. For the 
sake of this comparison, shown in Figure 13 and Figure 14, the smoothed NEG-GAM 
results were constrained to be equal in aggregate to the census results in the interval 
70+ for the censuses of 1996, 2001 and 2011 and then the NEG-GAM results were 
compared to the census data.

5.7 The main conclusion reached from comparing the age structures of the NEG-
GAM estimates with those of the census is that relative to the death data, the population 
data appear to exhibit increasing age exaggeration since 1996. This indicates that age 
exaggeration is increasing in the population data, or that age exaggeration in the death 
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Figure 14  Ratio of NEG-GAM estimates to Census results, both sexes, each population 
group separately

Figure 13 Ratio of NEG-GAM estimates to Census results, both sexes, National
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data is reducing. This latter explanation seems more likely in light of the finding that 
the mortality rates produced using the NEG-GAM population estimates have become 
more realistic since 1996.

6. OLD AGE MORTALITY IN SOuTh AfRICA 1985–2011
6.1 Mortality estimates at a national level in 1996, 2001 and 2011 are shown in 
Figure 15, superimposed over the crude mortality estimates shown in Section 1. 
Several aspects of these estimates are worth noting – the problem of flattened mortality 
rates appears to have been solved by the NEG-GAM model, smoothed rates free of 
the jaggedness induced by age heaping have been produced and a slight trend in the 
mortality rates over time can be discerned.

6.2 The mortality rates for each population group, and nationally, are compared in 
Figure 16. At the younger ages, mortality rates are highest for Africans, followed by 
Coloureds, Indians and Whites, which is in line with previous studies of South African 
mortality (Dorrington et al., 2004) and the mortality rates presented in Section 3.

6.3 The rates for Africans cross over the rates for Whites at age 86 for males and 
87 for females and for Coloureds at age 86 for males and 89 for females, and end 
significantly lower than the rates for Whites and Indians at the highest ages. This is 
suspicious since a population group that exhibits higher mortality at the younger ages 
would be expected to suffer from a higher level of mortality at the older ages as well, 
as discussed at length in the demographic literature (Coale & Kisker, 1986). A further 

Figure 15  National mortality rates, Males and Females, 1996, 2001 and 2011, raw rates 
derived from deaths and census data compared to NEG-GAM mortality 
rates
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issue with the rates for Coloureds is that the rates for males and females cross-over 
at an early age (91). These cross-overs provide some evidence that the death data for 
Africans and Coloureds may still suffer from age exaggeration (or that the NEG-GAM 
models need further refinement).

6.4 A comparison of the NEG-GAM rates with the rates underlying the Rapid 
Mortality Survey (RMS) (Dorrington et al., 2015) is shown in Figure 17. The RMS 
rates begin lower and rise more steeply than the NEG-GAM rates. The latter rates were 
calculated with death data corrected for incompleteness of reporting using estimates 
of completeness calculated at the national level, which are higher than the weighted 
average completeness used in this study (shown in Table 1 and Table 2 above) and leads 

Figure 16 Mortality rates, Males and Females, 2011, all population groups

Figure 17 Mortality rates, Males and Females, 2011, NEG-GAM and RMS
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to lower estimated mortality rates, which explains part of the difference between NEG-
GAM and RMS rates. The remaining difference is a matter for further investigation.

6.5 As a further check if the rates derived using the NEG-GAM are reasonable, 
the NEG-GAM mortality rates were compared to the mortality rates in the Human 
Mortality Database (‘HMD’). Coale and Kisker (1986), who compared mortality rates 
in developing countries with rates in developed countries, found that the rates in 
developing countries which are higher at the younger ages than in developed countries 
are often lower at the older ages than the rates in developed countries, which they 
attributed to age exaggeration in the population data. In South Africa, it is reasonable to 
expect that mortality rates at the older ages would be higher than most of the mortality 
rates captured in the HMD, which are for highly developed countries. Mortality rates 
falling beneath the lowest rates in the HMD would indicate age exaggeration in the 
death data. To perform this comparison, the lowest and highest values of mx from the 
HMD in the years 2009–2011 were calculated for each age from 70–109, where the 
minimum and maximum were estimated over all of the countries appearing in the 
database. These values and the average value of the mortality rates in the HMD were 
then compared to the estimated mortality rates using the NEG-GAM. Selected results 
from these comparisons are shown in Figures 18–22 below.

6.6 The NEG-GAM mortality rates for all population groups combined in 2011 are 
compared to the HMD in Figure 18. For males, the rates lie between the highest and 
lowest mortality rate at each age but cross over the average mortality at age 90. For 
females, the rates begin higher than any of the rates recorded in the HMD, but by age 

Figure 18  NEG-GAM mortality rates, National rates in 2011, Males and Females, 
compared to estimates of mx from the Human Mortality Database
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80 lie between the highest and lowest HMD rates. At age 90, the rates cross over the 
average and remain between the average level and the minimum until around age 
100, after which the rates are in line with the lowest rates in the HMD. It is suspicious 
that the rates start higher than the average and end lower and could provide further 
evidence that the death data still suffer from age exaggeration.

6.7 On the other hand, in an analysis of the old age mortality rates in China (which 
has been to shown to have relatively accurate population and death data) in 1980, Yi 
and Vaupel (2006) find that the Chinese mortality rates converge to the same level as 
rates in Japan and Sweden at ages older than 97, which they attribute to the selective 
effect on mortality of poor living conditions, inadequate medical care and various 
wars. A similar selective effect could be operating in the South African population.

6.8 The rates for Africans (Figure 19) and for Coloureds (Figure 20) also begin 
higher than the maximum and end lower than the average rates in the HMD.

6.9 The rates for Indians and Whites in 2011, shown in Figure 21 and Figure 22, 
appear realistic, remaining at the high end of the range until the older ages when the 
rates tend towards the average. Somewhat suspiciously, the rates for White females 
do not tend towards the average mortality rate for females in the HMD and the rates 
for White females cross over the rates for males at age 101 (when it would be fair to 
assume that the rates for females would remain lower than those for males even at 
these advanced ages). This indicates that the rates for White females may be too high 
at the older ages.

Figure 19  NEG-GAM mortality rates, rates for Africans in 2011, Males and Females, 
compared to estimates of mx from the Human Mortality Database
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6.10 In summary, comparing the NEG-GAM mortality rates amongst the different 
population groups and against the rates in the HMD shows that there are still several 
issues to be worked through (possible age exaggeration in the death data for Africans 
and Coloureds, and rates that are perhaps too high for White females at the older 
ages). However, the rates do conform to expectations in that they increase smoothly 

Figure 20  NEG-GAM mortality rates, rates for Coloureds in 2011, Males and Females, 
compared to estimates of mx from the Human Mortality Database

Figure 21  NEG-GAM mortality rates, rates for Indians in 2011, Males and Females, 
compared to estimates of mx from the Human Mortality Database
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with age, the ranking of the NEG-GAM rates by population group at ages 70–79 are in 
line with prior studies, and the rates for White males and Indians are validated in the 
context of global mortality rates.

6.11 The average annual rate of change in mortality rates for the age group 70–79 
is presented in Table 8. Nationally, and for Africans, mortality has changed only 
minimally. The largest mortality improvements are for Coloureds, followed by Indians 
and Whites. Compared to the rates of mortality improvement implied by the mortality 
rates in the HMD over the same period (on average 2.3% per annum for males and 
females), the rates of improvement do not appear unreasonable, with the exception of 
the very low rate of improvement for White females, which is significantly lower than 
the rate of improvement for White males, and is an issue for further investigation.

6.12 Lastly, the mortality rates for Whites are compared in Figure 23 and Figure 24 
to three life tables of ‘select’ lives – the PA(90) table often used by actuaries in South 
Africa when valuing retirement benefits, the SAIML98 and SAIFL98 annuitant tables 
(Dorrington & Tootla, 2007) and Table 1 (those who earn at least R1 million per 
annum) in Koch (2016) used to value damages claims for those in the highest income 
bracket.

6.13 As expected, the rates are significantly higher than the recent annuitant table in 
Dorrington and Tootla (2007). The rates for males and females are close to the PA(90) 
table (in 2011 the rates for males were lower than the PA(90) rates until age 79) at the 

Figure 22  NEG-GAM mortality rates, rates for Whites in 2011, Males and Females, 
compared to estimates of mx from the Human Mortality Database
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younger ages. At the older ages, the NEG-GAM rates rise more quickly than the rates 
in PA(90) and Dorrington and Tootla (2007). The NEG-GAM rates are lower than (but 
quite close to) the rates in Table 1 of Koch (2016) at all ages for males and from age 74 
for females.

Table 8 Annual Rate of mortality improvement, 1996–2011

Group Sex
Rate of improvement 

per annum
African Male –0.30%
African Female –0.30%
Indian Male 1.70%
Indian Female 1.30%
Coloured Male 2.10%
Coloured Female 2.20%
White Male 1.40%
White Female 0.70%
National Male 0.50%
National Female 0.00%
Weighted average Male 0.21%
Weighted average Female 0.13%

Figure 23  Mortality rates for White males, NEG-GAM estimates in 2011 compared 
to select life tables
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6.14 The latter comparisons indicate that mortality rates for the White population 
as a whole are close to the rates used by actuaries to value retirement benefits and 
damages for ‘select’ populations.

7. DISCuSSION
7.1 This study has shown how two different demographic techniques can be used 
together to estimate old age mortality in South Africa.

7.2 The use of the DDMs to establish the level of completeness of reporting of 
deaths is well known from earlier studies of South African mortality. This study has 
shown that applying the DDMs to aggregated death data composed of heterogeneous 
population groups could produce estimates of completeness that are too high (and 
thus estimates of mortality that are too low).

7.3 This study has also shown how the Near Extinct Generations methods can be 
extended to deal with death data suffering from misreporting by making the theoretical 
connection to IBNR reserving methods and applying the GLM model of Renshaw and 
Verrall (1998). In turn, a demographic interpretation of the chain-ladder technique 
was provided.

7.4 The population estimates produced using this method were lower than the 
census counts in 2011 nationally and for all population groups, which is an issue needs 
to be investigated in more detail.

Figure 24  Mortality rates for White females, NEG-GAM estimates in 2011 compared 
to select life tables
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7.5 The mortality rates produced using the exposures based on deaths alone appear 
more demographically reasonable than those that would be produced using the census 
data as exposures. In particular, the mortality rates for White males and Indians do 
not appear to be problematic based on comparison to the HMD. However, several 
imperfections are noticeable in the NEG-GAM mortality rates for the other groups. 
The mortality rates for Africans and Coloureds may possibly be too low at the older 
ages. If it could be shown conclusively that this is due to age exaggeration in the death 
data, then these data could perhaps be adjusted using other demographic techniques. 
The mortality rates for White females need more investigation since they appear too 
high at the older ages relative to the mortality rates in the HMD.

7.6 Given the need for further investigation, final conclusions on old age mortality 
rates in South Africa cannot be drawn in this research.

7.7 From a professional perspective, it seems necessary to acknowledge the 
uncertainty around the extent of mortality improvement that has occurred in the 
population. If the assumptions of the demographic methods applied in this study 
are accepted then quantifying the level and trend in old age mortality appears to be 
possible. However, it appears unlikely that the population data are robust enough 
to allow for stochastic mortality modelling to calibrate the capital requirements for 
longevity risk in SAM.

This research is still preliminary and should not be cited or used without the author’s permission.
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APPENDIx 1
Estimates of Completeness relative to the 2011 Census

The estimated undercount of the censuses relative to the 2011 census is shown in Table 
1. These results suggest that except for Indians, all censuses were undercounted relative 
to the 2011 census. The 1996 census was undercounted relative to both the 2001 and 
2011 censuses except for White males and females, who had slightly better coverage 
in 1996 than in 2001.

Table A1 Census undercount relative to Census 2011

National African Coloured Indian White
Males Females Males Females Males Females Males Females Males Females

1985 81% 88%
1991 90% 88%
1996 92% 94% 86% 91% 92% 94% 100% 101% 91% 92%
2001 97% 99% 93% 97% 97% 99% 102% 103% 89% 90%

Using these estimates of census coverage, the estimates of completeness of reporting of 
deaths in 1985–2001 were adjusted to be relative to the 2011 Census population. These 
final point estimates are shown in Table 2 below.

Table A2  Estimates of completeness of reporting of deaths, 1985–2011, estimates 
adjusted for census undercount

National African Coloured Indian White
Males Females Males Females Males Females Males Females Males Females

1985–1991 51% 54%
1991–1996 74% 73%
1996–2001 72% 80% 52% 62% 64% 68% 75% 84% 64% 68%
2001–2011 86% 87% 63% 64% 68% 67% 91% 92% 78% 77%
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APPENDIx 2
Annual Estimates of Completeness

The blank entries in the table are for those years in which population group was not 
recorded on the death certificate.

Table A3  Annual estimates of completeness of reporting, 1984–2013 for Males and 
Females

National African Coloured Indian White
1984 54% 38% 100% 100% 100%
1985 54% 38% 100% 100% 100%
1986 54% 39% 100% 100% 100%
1987 54% 39% 100% 100% 100%
1988 54% 40% 100% 100% 100%
1989 54% 39% 100% 100% 100%
1990 57% 37% 100% 100% 100%
1991 61%
1992 64%
1993 67%
1994 69%
1995 72%
1996 74%
1997 76%
1998 78%
1999 79% 54% 67% 76% 66%
2000 81% 59% 67% 86% 76%
2001 82% 59% 67% 90% 77%
2002 83% 59% 67% 91% 78%
2003 84% 60% 67% 91% 78%
2004 84% 60% 67% 91% 78%
2005 85% 61% 67% 91% 78%
2006 86% 61% 67% 91% 78%
2007 86% 62% 67% 91% 78%
2008 87% 62% 67% 91% 78%
2009 87% 62% 66% 91% 77%
2010 87% 64% 66% 91% 77%
2011 87% 70% 74% 85% 82%
2012 86% 71% 72% 83% 81%
2013 83% 71% 70% 80% 78%
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Appendix 3
Chain Ladder as a Life Table estimator

The chain-ladder method remains the most popular choice of method for actuaries 
reserving for short-term insurance liabilities globally and in South Africa (Dal Moro 
et al., 2016). Although stochastic models have been proposed for the chain-ladder 
method by Mack (1993) and Renshaw and Verrall (1998), the underlying chain-ladder 
algorithm is still described in the literature as an heuristic; see, for example, Frees et 
al. (2014). In the following, a simple explanation for the success of the chain-ladder 
method is provided by showing that underlying the estimates of reserves produced by 
the chain-ladder method is a life table.

Define ( , )C i j  as the claims amount relating to accident year i in development 
period j, where there are I accident years and J development years. The chain-ladder 
algorithm predicts ( , 1)C i j+  as ( , ) jC i j f , where fj is the loss development factor in 
development period j. The volume weighted estimator of fj is defined in Mack (1993) 

as 1
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period j is 1 1
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The claims development can be cast in demographic terms as follows. Assume that 
for each accident year i, a population of claims ( , )C i J  will eventually be reported. In 

each development period j, 
1 1

, 1,( ) ( )j J j JF F- -
--  of the claims will be reported, or will 

‘die’. The term 1 1
, 1,( ) ( )j J j JF F- -

--  is therefore comparable to the demographic quantity 

0|j q  which is the probability of death in the period j, after surviving to time j. A full 
life table can then be derived from 0|j q . Although not integral to its application, the 
chain-ladder model can therefore be seen to estimate a life table. These calculations are 
demonstrated for the claims triangle in Mack (1993) in Table 4 and Table 5.
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Table 4 Claims triangle

i C(i,1) C(i,2) C(i,3) C(i,4) C(i,5) C(i,6) C(i,7) C(i,8) C(i,9) C(i,10)
1 357 848 1 124 788 1 735 330 2 218 270 2 745 596 3 319 994 3 466 336 3 606 286 3 833 515 3 901 463
2 352 118 1 236 139 2 170 033 3 353 322 3 799 067 4 120 063 4 647 867 4 914 039 5 339 085
3 290 507 1 292 306 2 218 525 3 235 179 3 985 995 4 132 918 4 628 910 4 909 315
4 310 608 1 418 858 2 195 047 3 757 447 4 029 929 4 381 982 4 588 268
5 443 160 1 136 350 2 128 333 2 897 821 3 402 672 3 873 311
6 396 132 1 333 217 2 180 715 2 985 752 3 691 712
7 440 832 1 288 463 2 419 861 3 483 130
8 359 480 1 421 128 2 864 498
9 376 686 1 363 294

10 344 014

Table 5 Chain-ladder calculation and derived life table

j 1 2 3 4 5 6 7 8 9 10
C(i,j+1) 11 614 543 17 912 342 21 930 921 21 654 971 19 828 268 17 331 381 13 429 640 9 172 600 3 901 463

C(i,j) 3 327 371 10 251 249 15 047 844 18 447 791 17 963 259 15 954 957 12 743 113 8 520 325 3 833 515
f(j) 3.49 1.75 1.46 1.17 1.10 1.09 1.05 1.08 1.02 1.00
F(j,J) 14.45 4.14 2.37 1.63 1.38 1.25 1.15 1.10 1.02 1.00
tq0 0.07 0.24 0.42 0.62 0.72 0.80 0.87 0.91 0.98 1.00
t|q0 0.07 0.17 0.18 0.19 0.11 0.07 0.07 0.05 0.07 0.02
qx 0.07 0.19 0.24 0.33 0.28 0.27 0.34 0.35 0.80 1.00
tpx 0.93 0.76 0.58 0.38 0.28 0.20 0.13 0.09 0.02 –
px 0.93 0.81 0.76 0.67 0.72 0.73 0.66 0.65 0.20 –
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APPENDIx 4
Model fit

Those years and ages for which no control variables were estimated are excluded 
from the tables. Also, a blank entry in the table signifies that no control variable was 
estimated.

Table 6 t xa -  – Control variable for Year of Birth

National African Coloured Indian White
Year Male Female Male Female Male Female Male Female Male Female
1900 146% 163% 182% 251% 107% 80% 78%
1901 146% 182% 213% 107% 80% 78%
1902 182% 174% 107% 80% 78%
1910 146% 163% 182% 198% 80% 78%
1911 82%
1913 82% 78% 76%
1914 146% 163% 182% 183% 109% 109%
1915 82% 78% 94% 94%
1916 82% 78% 126% 121% 94% 94%
1917 82% 78% 93% 81% 69% 94% 94%
1918 146% 163% 182% 221% 93% 94% 94%
1919 145% 94% 94%
1920 128% 139% 146% 167%
1923 82% 73%
1930 128% 139% 146% 155%
1931 88%
1932
1940 128% 139% 146% 139%

Table 7 xb  – Control variable for Age

National African
Age Male Female Male Female

99 176% 200% 163%

100 176% 127% 200% 163%

101 176% 127% 200% 163%

102 176% 200%



298 | R RICHMAN & R DORRINGTON MORTALITY RATES AND IMPROVEMENT OVER TIME AT ADVANCED AGES IN SA (Preliminary research: do not cite/use)

ACTUARIAL SOCIETY 2016 CONVENTION, CAPE TOWN, 23–24 NOVEMBER 2016

Table 8 δt – Control variable for Year of Death

National African Coloured Indian White
Year Male Female Male Female Male Female Male Female Male Female
1984 105% 84% 84%
1985 105%
1987 116%
1988 93% 116% 116% 88% 88%
1989 87% 87% 93% 95% 116% 116% 87% 82% 88% 88%
1990 87% 87%
1991 87% 87%
1992 87% 87%
1993 87% 87%
1994 87%
2000 104% 109%
2002 105%
2003 95%
2004 93% 95%
2007 87% 87%
2008 87% 87%
2009 87% 87%
2010 93% 95% 87%
2011 93% 95%

2012 93% 95% 87% 87%


